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In  recent  years,  the  number  of  studies  in  the  field  of  bioremediation  has  been  growing  steadily.  Although
a  large  number  of  studies  provide  information  that  is highly  detailed  and  offer  great  amounts  of  knowl-
edge  on  a given  subject,  the  downside  is  that the  hunt  for more  information  requires  the combined  efforts
of researchers  from  many  areas,  which  are  becoming  increasingly  difficult  to  attain.  In this  review,  we
ioremediation
nzyme
AH
n silico
nvironmental chemistry

present  an  overview  of recent  work  investigating  enzyme  degradation  of  polycyclic  aromatic  hydro-
carbons.  In the  first  part,  this  review  examines  several  of the  new  enzymes  able  to  degrade  pollutants,
with  special  attention  being  given  to those  with  a  well-resolved  structure.  The  second  part  explores
some  of the  most  recent  work  in  which  computational  approaches,  such  as molecular  dynamics,  docking,
density  functional  theory  and database  retrieval,  have  been  employed  to  study  enzymes  with  specific
bioremediation  activities.

©  2013 Elsevier  Inc.  All  rights  reserved.
. Introduction

Bioremediation is the process by which living organisms, gener-
lly bacteria, degrade or transform hazardous compounds into less
oxic compounds [1]. At present, two classes of pollutants represent
mportant challenges for bioremediation; one is polycyclic aromatic
ydrocarbons (PAHs), and the second is halogenated hydrocarbons.
he management of PAHs is considered challenging for many
easons. Due to their hydrophobicity, these compounds tend to
ccumulate in soil organic matter; thus, their desorption from soil
imits their availability to microorganisms for biodegradation [2].
AHs are compounds with two or more fused benzene rings. They
re formed during the incomplete thermal combustion of solid and
iquid fuels or are derived from high-temperature (500–800 ◦C)
ndustrial activities or from the injection of organic materials,
ncluding coal tars, crude oil and petroleum products [3], at temper-
tures below 300 ◦C. Moreover, nautical vessel effluents and spills

roduce serious aquatic pollution. As a class, PAHs are relatively
nreactive chemically, with low solubility in water, high melting
nd boiling points and low vapour pressure [4]. They are ubiq-
itously present, toxic contaminants. PAHs are particularly good
ubstrates for the cytochrome P-450 found in mammalian livers,
here they are converted into epoxides that may  bind to DNA [5].

∗ Corresponding author at: Dipartimento di Scienze Chimiche, Università di Cata-
ia, Viale A.Doria 6, 95125 Catania, Italy.

E-mail address: vlibrando@unict.it (V. Librando).

093-3263/$ – see front matter © 2013 Elsevier Inc. All rights reserved.
ttp://dx.doi.org/10.1016/j.jmgm.2013.04.011
These epoxides, particularly those derived from PAHs with exposed
“bay regions” (e.g., chrysene), are highly potent xenobiotics and
suspected [6,7] of being mutagenic and carcinogenic [8].

PAHs released into the environment could volatilise, photo-
oxidise, chemically oxidise, bioaccumulate, or adsorb onto soil
[9–11].

The bioremediation of these molecules is typically achieved by
using bacteria to degrade them. Although this approach is very
efficient and costs little, it is often limited by environmental condi-
tions such as pH temperature and metal ions and salt may produce
unwanted or toxic products. Despite the massive number of pub-
lications on bioremediation (more than 25,000 over the past 3
years, according to the ACS database), indicating great research
interest worldwide, only a few (less than 1%) publications have
focused on the chemical aspects thereof, using either a computa-
tional or multidisciplinary approach to study PAH. Given this broad
background, it is difficult to focus attention on the very important
aspect of enzymatic bioremediation because often the results are
not straightforward. Thus, this work aims to highlight only those
articles that play a key role in the search for enzymes, conditions
or methods applicable to bioremediation.

This review is divided into two  main chapters. The first
addresses enzymes with a well-resolved 3D structure (X-ray or

NMR data) that can degrade PAH, with some experimental details
regarding new or lesser known enzymes provided; the second
chapter addresses data and information on the computational
aspects of enzymatic bioremediation.

dx.doi.org/10.1016/j.jmgm.2013.04.011
http://www.sciencedirect.com/science/journal/10933263
http://www.elsevier.com/locate/JMGM
http://crossmark.dyndns.org/dialog/?doi=10.1016/j.jmgm.2013.04.011&domain=pdf
mailto:vlibrando@unict.it
dx.doi.org/10.1016/j.jmgm.2013.04.011
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Table  1
Degrading activity of some simple bacteria, and in mixture [1,12].

Organism PAH degradation (%), standard deviation it is ≤3%

Naphthalene Acenaphthene Fluorene Anthracene Pyrene

Pseudomonas sp. 15.5 28.0 24.4 25.4 92.3
Pycnoporus sanguineus 12.0 7.0 17.6 15.6 4.4
Coriolus versicolor 27.4 2.0 23.0 22.4 42.0
Pleurotus ostreatus 29.4 20.6 20.6 19.0 32.0
Fomitopsis palustris 19.5 7.5 7.0 31.7 7.3
Daedalea elegans 35.8 5.9 5.9 2.4 26.1
Pycnoporus sanguineus mixed with Pseudomonas sp. 13.5 29 24.2 11.4 17.4
Coriolus versicolor mixed with Pseudomonas sp. 15.5 27 24 25.0 93.7
Pleurotus ostreatus mixed with Pseudomonas sp. 13 25 19 20.0 17.0
Fomitopsis palustris mixed with Pseudomonas sp. 13.1 16.3 16.3 12.0 93.7
Daedalea elegan mixed with Pseudomonas sp. 23 14.9 14.9 3.4 46.4
Aerated soil at 40% WHC  in presence of Sphingomonas and Azospirillum 100 100 84 87
Aerated soil at 40% WHC; KNO3 and K2HPO4 in presence of Sphingomonas and Azospirillum 100 100 81 90
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Aerated soil at 40% WHC; nutrients; biosurfactant MAT10 

Aerated soil at 40% WHC; nutrients; ferric ion added as ferric octoate 

. Enzymes degrading polycyclic aromatic hydrocarbons

In an effort to remove as many PAHs as possible in the short-
st time, many researchers are trying to discover new enzymes
r strands in wild-type bacteria with the aim of engineering or
mmobilising them on opportune devices for bioremediation. This
esearch has two aspects, the first being the search for new bacte-
ia or enzymes able to degrade PAHs over a broad spectrum of
hemical conditions. Table 1 reports the results obtained by Arun
t al. [1] regarding various bacteria and conversion efficiencies;
nterestingly, as shown, when bacteria are mixed, the conver-
ion rates decrease. The second aspect is the attempt to develop
xperimental conditions or molecular stand-ins as mediators to
ncrease the degradation efficiency of target molecules. In par-
icular, Arun’s [1] work clearly notes the need for more targeted
tudies on enzyme bioremediation and any external factors that
nfluence it. For example, it is not clear why mixing enzymes in
ome cases greatly reduces PAH removal efficiencies but in oth-
rs has no effect. For example Pseudomonas sp. (see Table 1) can
egrade 95% of available pyrene and Pleurotus ostreatus can degrade
2% of pyrene, yet by mixing the two bacteria, only 17% pyrene is
egraded. The study by Arun et al. highlights how triggering chem-

cal parameters may  alter the degradation activity of bacteria; in
articular, it is expected that the mixture of more than one type
f bacterium affects the degradation of small molecules, ions or
nzyme–enzyme interactions, as reported by Vinas et al. [12]. Vinas
t al. studied a highly creosote-contaminated soil, observing that
he addition of nutrients, moisture content and aeration were the
ey factors of PAH bioremediation, as reported in Table 1; how-
ver, it was evidenced that there was a remarkable difference in
he composition of the bacterial community. Moreover, there are
ther parameters that could be necessary to consider, such inter-
pecies interactions, nutrient effects, changes in PAH bioavailability
nd recalcitrant effects. Along with performing studies on bacteria,
train types and mixtures thereof, many authors have tried to study
nd characterise new enzymes.

.1. Environmental and chemico-physical parameters affecting
egradation

A pivotal aspect of enzymatic degradation that in many cases
an explain abnormal efficiency, reaction kinetics or selectivity is
epresented by chemico-physical parameters and other variables

ffecting PAH degradation [13]. One of these variables is the aero-
ic condition of the reaction; in particular, it is well known that the
emoval of PAHs under anaerobic conditions is normally two-fold
ess efficient than that under aerobic conditions (Table 2). However,
100 100 79 90
100 100 87 88

McNally et al. shed light on PAH bioremediation also being possible
under severe conditions such as anaerobic conditions [14]. McNally
reports three pseudomonad strains with activities, which are in
some cases analogous to aerobic strains. The time required for the
colonisation of a culture medium by the appropriate degradation
organism is critical, but once this step is reached, PAH conver-
sion is as quick as that under aerobic conditions. Though aerobic
conditions appear to be pivotal for PAH removal, slight changes
in structure may  overcome external degrading conditions. This
idea was developed by Shuler et al. [15]. Shule et al. discovered
a new pool of strains from Sphingomonas sp. that can oxidise low-
molecular-weight PAHs, chlorinated biphenyls, dibenzo-p-dioxin
and high-molecular-weight PAHs such as benz(a)anthracene, chry-
sene and pyrene. The authors hypothesise that a pool of highly
conserved multi-component dioxygenases that exhibit slight struc-
tural variations in their amino acid sequences outside the catalytic
pocket may  appear to be responsible for larges differences in
selectivity towards PAHs. Another chemical parameter with a
degradation-modulating effect was reported by Mancini et al. [16],
who suggested that PAH degradation may  be modulated by trace
iron elements [17]. The authors conducted experiments on the
modulation of iron ion concentrations ([Fe]/[Toluene] = 10-1 and
10-3), optimising the corresponding isotope analysis to obtain evi-
dence of the significant effect of these trace elements; however, it
is clear that further study is required (Table 2). One  of Mancini’s
experiments shows that the trace element cobalt is required to
drive the reductive dechlorination of chlorinated ethenes by vita-
min  B12; hence, examining the effects of cobalt limitations on
enzymatic activity and isotopic fractionation is warranted. The
possible mechanism governing the activity of iron ions towards
PAH degradation was  studied by Santos et al. [18]. The researchers
established that iron ions enhance anthracene degradation directly
by increasing the activity of the enzymes involved in the aerobic
biodegradation (Table 2) pathways of hydrocarbons and indirectly
by increasing PAH solubility due to stimulation through biosurfac-
tant production [14,19]. Furthermore, Santos et al. noted that iron
ion activity directly correlates with salt solubility, Fe2O3 being less
active than Fe(NO3)3. Although the extent of degradation increases,
it is not accompanied by a significant change in the degradation
rate, indicating a new possible degradation pathway. It is noted
that the proteins in the active site of the degrading enzyme usually
contain several iron ions, such proteins being commonly cate-
gorised as non-heme iron proteins. These enzymes form a broad

class of molecules that exhibit a Rieske centre. The presence of
iron ions at the active site of this class of protein supports the
hypothesis that external iron ions may  be involved in enzymatic
activity in an unknown way. If this hypothesis is confirmed by
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Table  2
Chemical parameters influencing PAH degradation.

Enzyme or strain or molecule studied Parameter Effect Reference

Pseudomonas Aerobic condition Anaerobic conditions is normally two-fold less
efficient than in aerobic conditions

McNally et al. [14]

Pseudomonas putida Iron ions Kinetic of degradation Mancini et al. [16]
Pseudomonas sp. Iron ions Conversion rate Santos et al. [18]
Laccase Presence of: vanillin, acetovanillone,

acetosyringone, syringaldehyde,
2,4,6-trimethylphenol and p-coumaric acid

Conversion rate Canas et al. [35]

Cytocrome P450 pH < 3 Conversion rate Sood and Lal [20]
PAH only Solubility Conversion rate Castelli et al. [24]
PAH only Solubility Conversion rate Eibes et al. [25]
PAH only Medium composition and solubility Conversion rate Vinas et al. [12]
Laccase Presence of: 2,2′-azino-bis-(3-

ethylbenzothiazoline-6-sulphonic acid,
diammonium salt (ABTS) and

Conversion rate Farnet et al. [31]
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1-hydroxybenzotriazole HBT)

ther studies, the iron ion may  be recognised as a crucial factor
n bioremediation, on the one hand increasing the solubility of
ecalcitrant PAH and on the other opening the possibility of hith-
rto unexplored degradation pathways. Another parameter that
s critical to the efficiency of many degradation reactions is pH
evel. In particular, Sood and Lal [20] have revealed novel yeast
pecies isolated from soil samples contaminated with acidic oily
ludge (pH 1–3) that can degrade 73% of total petroleum hydro-
arbons at pH 3 within a week. In this case, an enzyme with 60%
omology to cytochrome P-450, one of the first enzymes stud-

ed for bioremediation [21,22]. Again, environmental conditions
pH) determine enzyme activity. Additionally, the author discov-
red that this new strain could function under worse conditions
ypical of real applications; thus, more studies are required to bet-
er understand the defense mechanisms of this strain against pH.
n many of the cases reported herein, the first step of degradation
s the vehiculation of PAH to the enzyme or bacterium. This step
epresents, in most cases, the slowest step. A recent study in this
irection was reported by Castelli et al. [23,24], who  used calorime-
ry to study degradation. In particular, the researchers discovered
hat PAHs could interact with model membranes but were unable
o migrate through an aqueous medium to reach biological mem-
ranes (Table 2). Furthermore, PAHs can be transferred from loaded
esicles to empty large unilamellar vesicles (LUVs). These results
uggest that lipophilic agents favour absorption such that these
nteractions should correlate with other mechanisms caused by the
ransfer from a lipophilic medium to a biological membrane. The
ossibility of using LUVs as carriers should obviate this transfer,

eading to a great increase in PAH degradation. Another attempt to
vercame the solubilisation step of PAH degradation was reported
y Eibes et al. [25]. The authors tried to enhance the solubility of
AHs by using an acetone solution (36%, v/v). The results clearly
emonstrate great extents of degradation (greater than 95%) for
nthracene, dibenzothiophene and pyrene achieved in less than
4 h (Table 2). Moreover, the authors shed light on these degra-
ation mechanisms by analysing degradation residues. The study
ighlighted an undocumented mechanism for dibenzothiophene
Fig. 1 panel b) with an intermediate that breaks PAH into a simpler
cid and pyrene (Fig. 1 panel a). In addition to the studies already
iscussed, an attempt to understand and increase the solubility of
AHs in an aqueous environment (Table 2) was reported in a recent
aper by Vacha et al. [26]. The authors investigated the adsorp-
ion of benzene, naphthalene, anthracene and phenanthrene at

he water interface using molecular dynamics simulations. In that
aper, MD  simulations were employed to reconstruct the potential
ean force (PMF) profile for the process of transforming from a

as phase to an aqueous one. The results indicate that, in all cases,
a deep minimum in the free energy profile corresponding to the
water-gas interface occurs. This finding points to the importance
of the aqueous surface for the chemistry of PAHs. The free energy
minima of PAH molecules at the air–water interface imply that in
cases in which the surface area is large, the surface reactivity of PAH
molecules can be more significant than the bulk chemistry, such as
in atmospheric droplets, ice, snow and thin water films on aerosols.

2.2. Manganese peroxidase

In a study on highly efficient degrading enzymes, Hofrichter
et al. [27] investigated manganese peroxidase (MnP) from
Nematoloma frowardii to shed light on the concept of enzymatic
combustion [28], discovering a molecule that is able to degrade
a broad range of pollutants such as 2,4,6-trinitrotoluene and cat-
echol. Despite this degrading ability, MnP  is unable to degrade
some PAHs such as pyrene and in addition, its degradation mech-
anism is not well understood. Notwithstanding these difficulties,
the availability of the well-resolved structure of MnP  makes this
enzyme attractive for applied research in this field. In fact, many
studies focus on exploiting enzyme mutation [29] to increase the
efficiency of MnP  and better understand PAH-enzyme interactions.
Zang et al. obtained some mutants of MnP  by applying site-directed
mutagenesis to arg42 and ASN131. The results revealed some
species with different degrading activities, but the lack of accu-
rate engineering strategies and characterisation of mutants has
prevented researchers from obtaining information that is more use-
ful. Although the work of Zang is one of the first efforts in this
meaningful direction, other researchers have explored the route
of immobilisation, which represents the first step in the search for
versatile applications of this enzyme. Acevedo et al. [30] obtained
immobilised enzymes with higher efficiency than free enzymes.
After 24 h, manganese peroxidase (MnP) immobilised on nano-clay
efficiently transformed anthracene and pyrene into anthraquinone
and 4,5-dihydropyrene, respectively and, to a lesser extent, fluoran-
thene and phenanthrene. Immobilised MnP  was  generally twice as
efficient as free MnP. As evidenced in this review, Acevedo drew
attention to the environmental factors affecting degradation.

2.3. Laccase

Farnet et al. focused on six different isoforms of laccase from
Marasmius quercophilus [31] that were able to oxidise widespread

pollutants, such as PAHs. Though many crystallographic structures
of laccase are available, Farnet et al. lacked this information in
their study, but their work is reported in this study because it pro-
vides useful hints regarding degradation that we believe may  be
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Fig. 2. Residual benzo[a]pyrene (in % of initial 50 M)  after 24-h oxidation with lac-
case and different mediators (500 M).  Mean values and 95% confidence limits are

tions is naphthalene dioxygenase (NDO) [40]. McIver reports that
Fig. 1. Pyrene (a), dibenzothiophene (b) and their oxidation products [26].

pplied to other degrading enzymes. In vitro studies confirmed
hat these laccase isoforms are able to transform anthracene and
enzo(a)pyrene, though naphthalene and phenanthrene were not
egraded. In the same work, Farnet et al. noted that the conver-
ion of anthracene to anthraquinones may  be greatly enhanced
y using 2,2′-azino-bis-(3-ethylbenzothiazoline-6-sulphonic acid)
iammonium salt (ABTS [32]) and 1-hydroxybenzotriazole (HBT),
hich act as electron transporters for laccase. Furthermore, this

tudy revealed that the determining factor for oxidation was the
onisation potential (IP); indeed, only molecules with an IP < 7.55 eV

ere degraded. Unfortunately, though dozens of laccase struc-
ures are currently known, no 3D structures of this specific enzyme
ave been investigated. Although it is remarkable that enzymes
f the same class may  have exhibit different responses to degra-
ation, an approach based on 3D structure may  lead to the
ossibility of engineering enzymes that are specifically designed
or bioremediation. As reported for MnP, immobilisation repre-
ents the first step in the commercialisation of enzymes and some
uthors are currently pursuing this step. However, although lac-
ases are promising enzymes [33,34] for degrading PAHs, their
fficiency decreases rapidly during the industrialised process of
mmobilisation. In a recent study, Hu [33] immobilised one iso-
orm of laccase from Trametes versicolor on silica nanoparticles
ith the aim of developing an efficient industrial application for

his system such that when it was immobilised it became less

ctive due to partial unfolding or underwent general structural
estabilisation. In many studies, it has been demonstrated that

mmobilised enzymes are able to degrade anthracene (ANT) to
shown. Mediators: acetosyringone (AS), syringaldehyde (SA), vanillin (VA), aceto-
vanillone (AV), 2,4,6-trimethylphenol (TMP), p-coumaric acid (PCA), ferulic acid
(FER), sinapic acid (SI), HBT, and ABTS (Lac, laccase without mediator) [36].

anthraquinone (ANQ) via a pH-dependent mechanism. Consid-
ering the evident differences in efficiency between laccase and
MnP, as reported above, a comparative study of the different
enzyme–substrate interactions should prove interesting, with the
objective of minimising the altered functions of the immobilised
enzymes. Moreover, the concept of using a mediator in enzyme
degradation may  be relevant to industrial applications, especially
for minimising costs. Indeed, mediators may  become crucially
important in future studies on the mechanisms involved in the use
of mediator activities as tools for optimising enzyme activity. In
a recent work by Canas et al., the authors provided evidence that
chemical conditions are very important in determining PAH degra-
dation, particularly for laccase [35]. Such enzymes have an in vitro
conversion rate of approximately 15%, but with other molecules
such as vanillin, acetovanillone, acetosyringone, syringaldehyde,
2,4,6-trimethylphenol and p-coumaric acid, their activity is greatly
enhanced (Fig. 2). The mechanism of mediated oxidation is not yet
clear, although different routes are believed to be involved depend-
ing on the mediator involved [36].

2.4. Soybean peroxidase

The same observations discussed above have been reported by
other authors in studying an enzyme that has long been known
to be involved in PAH degradation, soybean peroxidase (SBP). SBP
catalyses the oxidation of a variety of PAHs but only if the pollutants
are dissolved in organic solvents such as acetonitrile, tetrahydro-
furan, or dimethyl formamide. Another shortcoming of SBP [37]
is the limited pH range (2–2.5) over which it functions efficiently.
Within this range, the conversion rate of SBP is very high (>90%)
and despite its limitations, this enzyme is a good choice because
of its efficiency. There have been many attempts to overcome the
limitations of free SBP [38,39] but to no avail; thus, further study
is required. Nevertheless, SBP immobilisation is a well-known and
efficient degradation route.

2.5. Naphthalene dioxygenase

To date, the only PAH dioxygenase used in industrial applica-
NDO is well suited to producing intermediates for the chemical
industry; for example, diols produced from PAH degradation repre-
sent an ideal starting point for many chemical syntheses. Moreover,
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Table 4
GOLD average fitness scores for known substrates, a few predicted targets and newly
predicted targets for bioremediation [47].

S. no. Name GOLD average fitness score

Trametes versicolor Bacillus subtilis

1 ABTS 50.58 48.14
2  Anthracene 40.37 30.22
3 Phenanthrene 42.05 31.62
4  Thiodicarb 59.01 41.61
5  Malathion 57.29 48
6  Captan 44.23 39.27
7  Atrazine 44.24 30.29
8  Indigo 44.6 40.34
9 Remazol red B 47 33.5

10  Vanilic acid 31.86 –
11  2,4-Dichlorophenol 30.22 30.66
12  m-Chlorophenol 30.25 –
13  2,4,6-Trichlorophenol 32.17 31.94

T
D

V. Librando, M. Pappalardo / Journal of M

DO is very interesting because of its degradation of a broad range
f pollutants and it was one of the first molecules discovered
o initiate bioremediation naturally. In many cases, researchers
40–42] have adopted NDO not only as a degradation tool but also
s a biomarker. NDO activity is considered a precursor to natural
iodegradation. All of the enzymes herein listed – MNP, SBP, NDO,
accase and AKR – are bioremediable, but much work is needed to
nvestigate how they operate in a complex matrix that is both bio-
ogical and chemical. To better steer further studies, we collected
ignificant data in Table 3; all selected enzymes have a known 3D
tructure, which is key to deeply understanding all of their charac-
eristics and fundamental for further engineering the enzymes.

. Polycyclic aromatic hydrocarbons: computational
spects

.1. Bioinformatics methods

Studies on laccase have been directed towards the determina-
ion of the kinetics of degradation. Cristovao et al. [43,44] used

 mathematical approach to determine the kinetic constants that
dequately describe the degradation kinetics of some reactive tex-
ile dyes. The results were confirmed by comparing the time courses
btained experimentally with those obtained from the model the
uthors developed. These results may  be used to predict the time
ourses of substrate consumption and product formation under dif-
erent substrate concentrations. Thus, establishing kinetic models
or these reactions is a useful tool for simulating and designing
nzymatic bioreactors. Interestingly, the kinetic data calculated by
he models coincide well with the experimental data. Although this
ork is not directly related to enzyme bioremediation, the method
sed to calculate kinetic data may  be extended to other systems.
hile the techniques employed in such studies appear to be valid

s a methodological approach and the results thus obtained are in
ood agreement with experimental data, we believe that a more in-
epth approach should be applied to enzymatic systems to enhance
ur knowledge of enzyme–PAH interactions. Other bioinformatics
ethods, particularly electrostatic methods and experiments, were

pplied by Brown et al. [45] to determine the redox potential of
DO. The large range of reduction potentials for Rieske ferredox-

ns (from −150 to +400 mV)  was first suspected to arise from the
ifferent extents of solvent accessibility to the cluster, but studies
erformed to determine the structure of Rieske ferredoxin proteins
nd related studies have demonstrated that there are no large vari-
tions in solvent accessibility. Subsequent observations indicate
hat differences in the electrostatic environment and not struc-
ural differences between Rieske proteins are responsible for the

ide range of reduction potentials observed. Brown et al. devel-

ped a model to predict the reduction potential of Rieske proteins
iven only their crystal structure. The method proposed accurately
redicts the reduction potentials of 17 Rieske proteins for which

able 3
ata for manganese peroxidase (MnP), soybean peroxidase (SbP), naphthalene dioxygena

Enzyme PDB id. Degradation capab

MnP  1MNP 2,4,6-Trinitrotoluen
pyrene

SbP 1FHF Degrade a broad ra
PAH

NDO 1O7H, 1O7G, 1O7 N, 1O7P, 1O7 W Degrade a broad ra

Laccase 3KW7, 3FU7, 3FU8, 3FU9, 3DIV, 2ZWN, 3F8X,
3CG8, 4A2D, 4A2E, 4A2H, 2Q9o, 2QT6, 2HRG,
2HRH, 2H5U, 2IH8, 2IH9, 1V10, 1GYC, 1GW0,
1KYA, 1HFU, 1A65, 1UVW

Anthracene and be
naphthalene and p
14  Sinapic acid 37.67 –
15  Syringadazine 33.32 30.3

both the structures and experimentally determined potentials are
available. Additionally, the method employed has a bright future in
facilitating in silico prediction of the effects of mutations on Rieske
protein reduction potentials and estimating reduction potentials
for newly determined Rieske ferredoxin structures.

3.2. Docking calculations

A docking approach for laccase was  proposed by Suresh et al.
The researchers analysed the binding of laccase to a broad range
of molecules to develop a useful tool for finding putative pollut-
ants for other biodegrading enzymes [46]. The authors observed
a good match between the predicted bioremediation of laccase
and the results of experiments on anthracene and phenanthrene
degradation (Table 4). The authors reported that, in some docking
simulations, the experimental data diverged because of the scoring
function used and metal-related problems in docking, which are
further complicated by the difficulty of reproducing the multiple
coordination geometries of the copper complex [47,48]. NDO was
also studied using a docking approach. Carredano et al. [49] docked
low-molecular-weight PAHs (indole, naphthalene and biphenyl)
with NDO and the results of their study suggest the presence of
pockets reserved for the binding of the aromatic ring. The prob-
able binding site of dioxygen is located between this pocket and
the catalytic iron. A similar approach using the same enzyme was
adopted by Librando and Forte, who employed molecular dynam-
ics and docking techniques to explore new structures similar to

wild-type NDO [50]. The authors created a library of opportune
fragments in silico and carried out MD and docking simulation. The
simulation results for these fragments, accounting principally for
energy parameters, produced a short list of peptides with strong

se (NDO), laccase.

ility Immobilisation Reference

e and catechol but not Degrade
anthracene and
pyrene

Kirk and Farrell
[28], Acevedo et al.
[30]

nge of pollutants including – Kraus et al. [37]

nge of pollutants – Di Gennaro et al.
[42] Wammer  et al.
[54]

nzo(a)pyrene but not
henanthrene

Degrade
anthracene

Farnet et al. [31]
Hu et al. [33]
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Table  5
This table summarises theoretical calculation and experiments comparison on enzyme.

Enzyme Technique PAH docked Experiments comparison Reference

Laccase Docking Yes Yes Suresh et al. [48]
Laccase Kinetic of degradation No Yes Cristovao et al. [44]
NDO DFT/AB initio No No Librando and Alparone [59]
NDO MD/docking Yes No Librando and Forte [50]
PhnI MD/docking Yes Yes Jakoncic et al. [55], Librando and Pappalardo [57],
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Estrogen receptor � (enzyme adopted
for functional studies)

MD/Docking/QSAR Yes 

inding activity, which may  be a great boon for future laboratory
ork. Further field studies of the same group [51] will increase

he accuracy of the binding parameter and help generate a larger
ibrary by adopting hydrophobicity, free binding energy and RMSD
s indicators to better highlight binding zones and modifications
hat are able to help NDO bind PAH efficiently. Moreover, this
eld of research generally utilises a database approach, but in this
tudy, a database had to be generated specifically for the target
nzyme. Such studies offer interesting opportunities for molecular
creening to highlight active strands against PAH but also evidence
he need to manage large databases of molecules and fragments,
s addressed in the final part of this review. The first step in the
iodegradation of aromatic hydrocarbons often involves the dihy-
roxylation of two adjacent carbon atoms on the aromatic ring,
atalysed by ring-hydroxylating dioxygenase (RHD). Several bacte-
ia have been found to degrade PAHs, but only a few have been
eported to attack four- and five-ring PAHs [52–54]. Jakoncic et al.
55] indicate that the broad substrate specificity of the dioxyge-
ase from Sphingomonas sp. Strain CHY-1i (PhnI) [56] is primarily
ue to the large volume and particular shape of the enzyme’s cat-
lytic pocket. Molecular simulations of the PhnI pocket revealed the
ocket to be at least 2 Å longer and wider at the entrance, a unique
eature of dioxygenases with known structure that certainly allows
ve-ring benzo(a)pyrene to bind to catalytic Fe. Modelling vari-
us PAHs shows that Phe 350 in the central region of the pocket
s essential for regio- and substrate-specificity, whereas Leu 223
nd Ile 260 in the distal region provide the specificity of high-
olecular-weight PAHs. Further studies involving replacements for

he specific residues of substrate-binding pockets by site-directed
utagenesis should provide new insight into the role of these

esidues in the catalytic activity of the enzyme. Along the same
irection of research, the authors of the present review adopted
imilar strategies and extended their potential in targeting some
mino acids that are interesting for future mutagenesis and indi-
ate a shape factor in engineering enzymes that are able to degrade
AH [57,58]

.3. Quantum mechanical techniques

One of the widest and most complete works on enzyme degra-
ation was reported in 2006 by Wammer  et al. [54]. The authors
ystematically collected PAHs able to interact with NDO and the
eaction products thereof. The most interesting part of this work
as the application of in silico bioremediation via DFT studies and
odelling, the results of which indicate that thermodynamically all

AHs can interact with the active sites of NDO. For both enzymes
nd PAHs, only steric hindrance determines which molecules can
fficiently react with NDO. To better comprehend PAH-enzyme
nteractions, a direct application of the structure/reactivity rela-
ionship was adopted by Librando and Alparone [59]. A mixture

f ab initio and functional density theory calculations for a series
f dimethylnaphthalene (DMN) isomers was adopted to predict
he PAH degradation efficiency. The results support the idea that
lectronic polarisability may  be a useful tool for predicting the
Librando and Pappalardo [58]
No Li et al. [61]

biodegradation trends of a series of compounds, besides playing a
fundamental role in the biodegradation process of DMNs and pro-
viding a theoretical basis for Farnet’s hypothesis discussing at the
beginning of this paper. Strictly related to the structure reactiv-
ity/relationship for an enzyme, the method was combined with
docking techniques to effectively characterise PAH–NDO interac-
tions.

The mechanism of the interactions between PAH and enzymes
is not yet fully understood and it is likely that it will not be easily
accessed using experimental techniques. Recent studies employ-
ing a quantitative structure–activity relationship (QSAR) approach
indicate that some experimental tools may  offer great help in this
respect. Li F. et al. [60,61] investigated the binding interactions
between PAHs and various substrates such as DNA or oestrogen
receptors. The descriptors incorporated into the QSAR models indi-
cated that the binding activity was  related to molecular size, van
der Waals volume, shape profile, polarisability and electrotopolog-
ical state, hydrogen bonding, hydrophobicity and p–p interactions.
In those studies, QSAR was adopted to screen mutations, in silico,
that improve enzyme reactivity. Moreover, QSAR has been applied
to provide information about the toxicity of PAHs and any degra-
dation intermediates [62], revealing that a significant relationship
exists between toxicity and lipophilicity (Kow), which suggests that
non-polar narcosis is the prevalent toxic effect of the tested PAHs.
This result is observed because toxicity, which is directly related
to lipophilicity for biological membranes (i.e., non-polar narcosis),
depends mostly on the amount of the compound accumulated in
the same membranes. In addition, the ionisation potential of PAHs
has been identified as an important parameter in explaining their
toxic effects in terms of their log Kow.

3.4. Database approach

The enormous amount of data regarding reaction environment
and degradation creates a serious problem in finding the right reac-
tion, degradation products, etc. required. Thus, a database approach
may  be useful. One complication associated with the database
approach is the integration of heterogeneous sources of informa-
tion related to bioremediation. In this respect, the work by Pazos
et al. offers a troubleshooting ‘metarouter’ to help in such cases
[63], which is a useful instrument for assessing the environmen-
tal fate of compounds or mixtures and designing biodegradative
strategies for these species. For chemical compounds, the following
information is provided: name, synonyms, SMILES code, molecular
weight, chemical formula, image of the chemical structure, canon-
ical three-dimensional structure in PDB format, physicochemical
properties (density, evaporation rate, melting point, boiling point
and water solubility—the user can define and input new ones) and
links to other databases. For reactions, the following information
is provided: substrates and products, catalysing enzyme and links

to other databases. For enzymes, the following information is pro-
vided: name, Enzyme Commission (EC) code, organisms where the
gene is present, database sequence identifiers and links to other
databases. The limitation of the metarouter is that it focuses on the
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iochemical aspects of biodegradation rather than the nature of the
iomolecules carrying out the reactions. In a recent study, Carba-

osa presented a new database, Bionemo [64], which is a resource
hat complements other biodegradation databases. Bionemo was
uilt by manually associating data from published articles and,

n general, from the biodegradation literature and linking them
o an underlying biochemical network. Currently, Bionemo con-
ains sequence information for 324 reactions and transcription
egulation information for more than 100 promoters and 100 tran-
cription factors. Meanwhile, current biodegradation databases
ink reactions to protein sequences in databases that have been
nnotated with the corresponding EC codes. However, this method
ay  be inaccurate. For instance, many reactions share the same

C code, although they use distinct substrates and generate differ-
nt products. The Bionemo database combines metabolic, genetic
nd regulatory information. The central entries of the database are
nzymatic complexes. These are linked to biochemical reactions
hat transform substrates into products. Reactions are associated
ith different pathways.

.5. Conclusions: theoretical methods can support experiments

The objective of this review was to provide an overview
f notably different problems, such as those associated with
he organisation of bioremediation research, problems regarding
nzyme activity, MD,  docking and DFT; these problems, however,
ave several features in common. Bioremediation pathways are
ltimately reduced to processes that remove PAHs and feature
omplex biological matrices and various chemical conditions such
s pH, metal ions, etc. In this paper, we have presented select evi-
ence regarding many new enzymes with known 3D structures
btained from X-ray or NMR, as well as highlighted important
spects regarding the removal of PAHs. Although experimental
pproaches provide highly reliable data that are not comparable
o those yielded by many in silico methods, theoretical approaches
ffer certain advantages. For example, Carredano [49] produced
utants by site-directed mutagenesis to study the effect of individ-

al amino acids on the degradation activities of NDO, undeniably
emonstrating that the cost of such experiments is great.

Today, with the modern techniques of modelling and high-
erformance computing centres, such experiments could be
onsiderably improved by performing prescreening studies, such as
he study performed by the authors of this review in the case of the
nzyme PhnI. Similarly to Carredano, Librando studied the effect of
he mutation of single amino acids on the affinity of enzymes for
ome molecules of environmental interest. Of course, pairing MD
ith docking techniques will not replace but supplement studies on

ite-specific mutagenesis and experimental approaches in general
y reducing the number of experiments that must be performed

n vitro and consequently costs.
Other theoretical studies involving DFT and QSAR may  boost

urrent studies in the field of bioremediation by both shorten-
ng the time required to obtain new chimerical enzymes and
educing the number of laboratory experiments that must be
erformed. Other useful techniques that could supplement exper-

ments include quantum mechanical (QM) techniques, which can
redict the reactivity of receptor molecules and in some cases also
ome characteristics of substrates. Of course, these techniques can
e applied only to small systems due to the high complexity of the
alculations. In this context, QM methods can be adopted as meth-
ds supporting MD/docking, offering a vision of effects that would
therwise not be accessible. Finally, the use of databases makes

t possible to accelerate the selection of molecules or reaction
athways through the use of intelligent algorithms. All theoret-

cal studies regarding, for instance, kinetics, DFT, docking and
olecular dynamics shed light on the great potential of in silico

[
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bioremediation. Moreover, the results of computer simulations
used to study laccase agree well with corresponding experimen-
tal data, indicating a high degree of reliability (Table 5). The studies
on laccase do not describe any enzyme mutations but offer inter-
esting hints. NDO and PhnI are both good candidates for further
studies and have been well characterised via in silico approaches.
This work should offer a useful perspective of powerful in sil-
ico tools for incorporating structural modifications into selected
enzymes.

Though it is not clear if there is a crucial factor for degradation,
essential characteristics clearly include 3D structure, the presence
of small molecules and chemical conditions. The present study will
thus serve as an important reference in planning future experi-
ments.

Acknowledgements

This work was  supported by the Italian Ministry for Research
and University (MIUR), Program PRIN 2009 and Cometa Consor-
tium.

References

[1] Arun, Polycyclic aromatic hydrocarbons (PAH) biodegradation by basid-
iomycetes fungi, Pseudomonas isolate, and their cocultures: comparative in vivo
and in silico approach, Applied Biochemistry and Biotechnology 151 (2008)
132–142.

[2] G. Eibes, T. Lu-Chau, G. Feijoo, M.T. Moreira, J.M. Lema, Complete degradation
of anthracene by manganese peroxidase in organic solvent mixtures, Enzyme
and  Microbial Technology 37 (2005) 365–372.

[3] A.K. Haritash, C.P. Kaushik, Biodegradation aspects of polycyclic aromatic
hydrocarbons (PAHs): a review, Journal of Hazardous Materials 169 (2009)
1–15.

[4] Working Group PAH, Ambient Air Pollution by Polycyclic Aromatic Hydrocar-
bons (PAH), 1, Office for official publications of the European Communities,
2001, pp. 56.

[5] S. Nesnow, C. Davis, W.T. Padgett, L. Adams, M.  Yacopucci, L.C. King,
8,9-Dihydroxy-8,9-dihydrodibenzo[a,l]pyrene is a potent morphological cell-
transforming agent in C3H10T(1)/(2)Cl8 mouse embryo fibroblasts in the
absence of detectable stable covalent DNA adducts, Carcinogenesis 21 (2000)
1253–1257.

[6] Luch, A. Glatt, H. Platt, K.L. Oesch, F. Seidel, A. Synthesis, Mutagenicity
of the Diastereomeric Fjord-Region 11,12-dihydrodiol 13,14-epoxides of
dibenzo[a,L]pyrene, Carcinogenesis 15 (1994) 2507–2516.

[7] S. Amin, D. Desai, W.  Dai, R.G. Harvey, S.S. Hecht, Tumorigenicity in
newborn mice of Fjord Region and other sterically hindered diol epox-
ides of benzo[G]chrysene, dibenzo[a,L]pyrene (Dibenzo[Def,P]Chrysene),
4h-cyclopenta[Def]chrysene and fluoranthene, Carcinogenesis 16 (1995)
2813–2817.

[8] International Agency for Research on Cancer, Polynuclear aromatic compounds,
part 1, chemical, environmental and experimental data, Monographs on the
Evaluation of Carcinogenic Risks to Humans 32 (1983) 211–224.

[9] S.R. Wild, K.C. Jones, Polynuclear aromatic-hydrocarbons in the United-
Kingdom Environment – a preliminary source inventory and budget,
Environmental Pollution 88 (1995) 91–108.

10] S.Y. Yuan, S.H. Wei, B.V. Chang, Biodegradation of polycyclic aromatic hydro-
carbons by a mixed culture, Chemosphere 41 (2000) 1463–1468.

11] C.J. Diblasi, H. Li, A.P. Davis, U. Ghosh, Removal and fate of Polycyclic Aro-
matic hydrocarbon pollutants in an urban stormwater bioretention facility,
Environmental Science & Technology 43 (2009) 494–502.

12] M.  Vinas, J. Sabate, M.J. Espuny, A.M. Solanas, Bacterial community dynamics
and polycyclic aromatic hydrocarbon degradation during bioremediation of
heavily creosote-contaminated soil, Applied and Environmental Microbiology
71  (2005) 7008–7018.

13] U.S. Obayori, S.A. Adebusoye, A.O. Adewale, G.O. Oyetibo, O.O. Oluyemi, R.A.
Amokun, et al., Differential degradation of crude oil (Bonny Light) by four
Pseudomonas strains, Journal of Environmental Sciences-China 21 (2009)
243–248.

14] D.L. Mcnally, J.R. Mihelcic, D.R. Lueking, Biodegradation of three- and four-ring
polycyclic aromatic hydrocarbons under aerobic and denitrifying conditions,
Environmental Science & Technology 32 (1998) 2633–2639.

15] L. Schuler, Y. Jouanneau, S.M.N. Chadhain, C. Meyer, M. Pouli, G.J. Zylstra, et al.,
Characterization of a ring-hydroxylating dioxygenase from phenanthrene-
degrading Sphingomonas sp strain LH128 able to oxidize benz[a]anthracene,

Applied Microbiology and Biotechnology 83 (2009) 465–475.

16] S.A. Mancini, S.K. Hirschorn, M.  Elsner, G. Lacrampe-Couloume, B.E. Sleep, E.A.
Edwards, et al., Effects of trace element concentration on enzyme controlled
stable isotope fractionation during aerobic biodegradation of toluene, Envi-
ronmental Science & Technology 40 (2006) 7675–7681.

http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0005
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0005
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0005
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0005
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0005
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0005
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0005
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0005
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0005
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0005
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0005
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0005
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0005
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0005
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0005
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0005
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0005
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0005
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0005
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0005
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0005
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0005
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0005
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0005
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0005
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0005
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0005
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0005
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0005
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0005
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0005
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0010
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0010
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0010
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0010
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0010
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0010
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0010
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0010
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0010
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0010
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0010
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0010
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0010
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0010
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0010
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0010
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0010
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0010
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0010
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0010
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0010
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0010
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0010
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0010
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0010
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0010
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0010
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0010
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0010
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0010
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0015
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0015
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0015
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0015
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0015
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0015
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0015
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0015
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0015
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0015
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0015
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0015
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0015
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0015
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0015
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0015
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0015
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0015
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0015
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0015
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0015
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0015
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0020
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0020
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0020
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0020
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0020
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0020
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0020
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0020
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0020
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0020
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0020
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0020
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0020
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0020
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0020
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0020
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0020
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0020
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0020
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0020
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0020
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0020
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0020
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0020
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0025
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0025
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0025
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0025
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0025
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0025
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0025
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0025
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0025
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0025
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0025
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0025
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0025
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0025
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0025
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0025
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0025
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0025
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0025
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0025
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0025
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0025
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0025
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0025
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0025
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0025
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0025
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0025
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0025
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0025
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0025
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0025
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0025
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0025
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0025
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0025
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0025
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0025
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0025
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0025
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0030
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0030
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0030
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0030
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0030
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0030
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0030
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0030
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0030
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0030
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0030
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0030
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0030
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0030
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0030
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0030
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0030
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0030
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0030
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0030
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0030
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0030
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0030
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0030
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0030
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0030
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0035
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0035
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0035
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0035
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0035
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0035
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0035
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0035
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0035
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0035
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0035
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0035
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0035
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0035
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0035
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0035
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0035
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0035
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0035
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0035
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0035
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0035
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0035
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0035
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0035
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0035
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0035
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0035
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0035
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0035
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0035
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0035
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0035
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0035
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0035
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0035
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0035
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0040
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0040
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0040
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0040
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0040
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0040
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0040
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0040
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0040
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0040
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0040
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0040
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0040
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0040
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0040
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0040
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0040
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0040
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0040
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0040
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0040
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0040
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0040
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0040
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0040
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0040
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0040
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0040
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0040
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0040
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0045
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0045
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0045
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0045
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0045
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0045
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0045
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0045
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0045
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0045
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0045
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0045
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0045
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0045
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0045
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0045
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0045
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0045
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0045
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0045
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0045
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0045
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0045
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0045
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0045
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0050
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0050
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0050
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0050
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0050
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0050
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0050
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0050
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0050
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0050
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0050
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0050
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0050
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0050
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0050
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0050
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0050
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0050
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0050
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0050
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0050
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0050
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0055
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0055
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0055
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0055
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0055
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0055
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0055
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0055
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0055
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0055
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0055
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0055
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0055
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0055
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0055
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0055
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0055
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0055
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0055
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0055
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0055
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0055
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0055
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0055
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0055
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0055
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0055
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0055
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0055
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0055
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0055
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0055
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0060
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0060
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0060
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0060
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0060
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0060
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0060
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0060
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0060
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0060
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0060
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0060
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0060
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0060
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0060
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0060
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0060
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0060
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0060
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0060
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0060
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0060
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0060
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0060
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0060
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0060
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0060
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0060
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0060
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0060
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0060
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0065
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0065
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0065
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0065
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0065
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0065
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0065
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0065
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0065
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0065
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0065
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0065
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0065
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0065
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0065
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0065
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0065
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0065
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0065
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0065
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0065
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0065
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0065
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0065
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0065
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0065
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0065
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0065
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0065
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0065
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0065
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0065
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0065
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0065
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0070
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0070
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0070
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0070
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0070
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0070
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0070
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0070
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0070
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0070
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0070
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0070
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0070
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0070
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0070
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0070
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0070
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0070
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0070
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0070
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0070
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0070
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0070
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0070
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0070
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0070
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0070
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0070
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0075
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0075
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0075
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0075
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0075
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0075
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0075
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0075
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0075
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0075
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0075
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0075
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0075
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0075
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0075
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0075
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0075
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0075
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0075
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0075
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0075
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0075
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0075
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0075
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0075
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0075
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0075
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0075
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0075
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0075
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0075
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0075
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0075
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0075
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0075
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0075
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0075
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0075
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0075
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0080
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0080
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0080
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0080
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0080
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0080
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0080
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0080
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0080
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0080
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0080
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0080
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0080
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0080
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0080
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0080
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0080
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0080
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0080
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0080
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0080
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0080
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0080
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0080
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0080
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0080
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0080
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0080
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0080
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0080
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0080
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0080
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0080
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0080
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0080
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0080
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0080
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0080
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0080
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0080


8 olecula

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

 V. Librando, M. Pappalardo / Journal of M

17] N.N. Pozdnyakova, J. Rodakiewicz-Nowak, O.V. Turkovskaya, Catalytic proper-
ties of yellow laccase from Pleurotus ostreatus D1, Journal of Molecular Catalysis
B: Enzymatic 30 (2004) 19–24.

18] E.C. Santos, R.J.S. Jacques, F.M. Bento, M.D.R. Peralba, P.A. Selbach, E.L.S. Sa,
et  al., Anthracene biodegradation and surface activity by an iron-stimulated
Pseudomonas sp., Bioresource Technology 99 (2008) 2644–2649.

19] A. Gottfried, N. Singhal, R. Elliot, S. Swift, The role of salicylate and biosur-
factant in inducing phenanthrene degradation in batch soil slurries, Applied
Microbiology and Biotechnology 86 (2010) 1563–1571.

20] N. Sood, B. Lal, Isolation of a novel yeast strain Candida digboiensis TERI ASN6
capable of degrading petroleum hydrocarbons in acidic conditions, Journal of
Environmental Management 90 (2009) 1728–1736.

21] S. Masaphy, D. Levanon, Y. Henis, K. Venkateswarlu, S.L. Kelly, Evidence for
cytochrome P-450 and P-450-mediated benzo(a)pyrene hydroxylation in the
white rot fungus Phanerochaete chrysosporium, FEMS Microbiology Letters
135  (1996) 51–55.

22] J. Gonzalez, N. Marchand-Geneste, J.L. Giraudel, T. Shimada, Docking and QSAR
comparative studies of polycyclic aromatic hydrocarbons and other procar-
cinogen interactions with cytochromes P450 1A1 and 1B1, SAR and QSAR in
Environmental Research 23 (2012) 87–109.

23] F. Castelli, D. Micieli, S. Ottimo, Z. Minniti, M.G. Sarpietro, V. Librando,
Absorption of nitro-polycyclic aromatic hydrocarbons by biomembrane
models: effect of the medium lipophilicity, Chemosphere 73 (2008)
1108–1114.

24] F. Castelli, V. Librando, M.G. Sarpietro, Calorimetric approach of the interaction
and absorption of polycyclic aromatic hydrocarbons with model membranes,
Environmental Science & Technology 36 (2002) 2717–2723.

25] G. Eibes, T. Cajthaml, M.T. Moreira, G. Feijoo, J.M. Lema, Enzymatic degrada-
tion of anthracene, dibenzothiophene and pyrene by manganese peroxidase in
media containing acetone, Chemosphere 64 (2006) 408–414.

26] R. Vacha, P. Jungwirth, j. Chen, K. Valsaraj, Adsorption of polycyclic aromatic
hydrocarbons at the air–water interface: molecular dynamics simulations and
experimental atmospheric observations, Physical Chemistry Chemical Physics
8  (2006) 4461–4467.

27] M.  Hofrichter, K. Scheibner, I. Schneegass, W.  Fritsche, Enzymatic combustion of
aromatic and aliphatic compounds by manganese peroxidase from Nematoloma
frowardii,  Applied and Environmental Microbiology 64 (1998) 399–404.

28] T.K. Kirk, R.L. Farrell, Enzymatic combustion: the microbial degradation of
lignin, Annual Review of Microbiology 41 (1987) 465–505.

29] X.M. Zhang, Y.X. Wang, L.S. Wang, G.J. Chen, W.F. Liu, P.J. Gao, Site-directed
mutagenesis of manganese peroxidase from Phanerochaete chrysosporium in
an  in vitro expression system, Journal of Biotechnology 139 (2009) 176–178.

30] F. Acevedo, L. Pizzul, M.D. Castillo, M.E. Gonzalez, M. Cea, L. Gian-
freda, et al., Degradation of polycyclic aromatic hydrocarbons by free and
nanoclay-immobilized manganese peroxidase from Anthracophyllum discolor,
Chemosphere 80 (2010) 271–278.

31] A.M. Farnet, G. Gil, F. Ruaudel, A.C. Chevremont, E. Ferre, Polycyclic aromatic
hydrocarbon transformation with laccases of a white-rot fungus isolated from
a  Mediterranean schlerophyllous litter, Geoderma 149 (2009) 267–271.

32] M.T. Cambria, Z. Minniti, V. Librando, A. Cambria, Degradation of polycyclic
aromatic hydrocarbons by Rigidoporus lignosus and its laccase in the presence
of  redox mediators, Applied Biochemistry and Biotechnology 149 (2008) 1–8.

33] X.K. Hu, P. Wang, H.M. Hwang, Oxidation of anthracene by immobilized laccase
from Trametes versicolor, Bioresource Technology 100 (2009) 4963–4968.

34] A.W.J.W. Tepper, S. Milikisyants, S. Sottini, E. Vijgenboom, E.J.J. Groenen, G.W.
Canters, Identification of a radical intermediate in the enzymatic reduction of
oxygen by a small laccase, Journal of the American Chemical Society 131 (2009)
11680±.

35] A.I. Canas, M.  Alcalde, F. Plou, M.J. Martinez, A.T. Martinez, S. Camarero, Trans-
formation of polycyclic aromatic hydrocarbons by laccase is strongly enhanced
by  phenolic compounds present in soil, Environmental Science & Technology
41  (2007) 2964–2971.

36] R. Boopathy, Factors limiting bioremediation technologies, Bioresource Tech-
nology 74 (2000) 63–67.

37] J.J. Kraus, I.Z. Munir, J.P. McEldoon, D.S. Clark, J.S. Dordick, Oxidation of
polycyclic aromatic hydrocarbons catalyzed by soybean peroxidase, Applied
Biochemistry and Biotechnology 80 (1999) 221–230.

38] M.  Nissum, C.B. Schiodt, K.G. Welinder, Reactions of soybean peroxidase and
hydrogen peroxide pH 2.4–12.0, and veratryl alcohol at pH 2.4, Biochimica
Et  Biophysica Acta: Protein Structure and Molecular Enzymology 1545 (2001)
339–348.

39] A. Muratova, S. Golubev, L. Wittenmayer, T. Dmitrieva, A. Bondarenkova, F.
Hirche, et al., Effect of the polycyclic aromatic hydrocarbon phenanthrene on
root exudation of Sorghum bicolor (L.) Moench, Environmental and Experimen-

tal Botany 66 (2009) 514–521.

40] A.M. McIver, S.V.B.J. Garikipati, K.S. Bankole, M.  Gyamerah, T.L. Peeples,
Microbial oxidation of naphthalene to cis-1,2-naphthalene dihydrodiol using
naphthalene dioxygenase in biphasic media, Biotechnology Progress 24 (2008)
593–598.

[

[

r Graphics and Modelling 44 (2013) 1–8

41] J.M. DeBruyn, T.J. Mead, S.W. Wilhelm, G.S. Sayler, PAH biodegradative geno-
types in Lake Erie Sediments: evidence for broad geographical distribution
of pyrene-degrading mycobacteria, Environmental Science & Technology 43
(2009) 3467–3473.

42] P. Di Gennaro, B. Moreno, E. Annoni, S. Garcia-Rodriguez, G.  Bestetti, E. Ben-
itez, Dynamic changes in bacterial community structure and in naphthalene
dioxygenase expression in vermicompost-amended PAH-contaminated soils,
Journal of Hazardous Materials 172 (2009) 1464–1469.

43] A. Kandelbauer, A. Erlacher, A. Cavaco-Paulo, G.M. Guebitz, Laccase-catalyzed
decolorization of the synthetic azo-dye Diamond Black PV 200 and of some
structurally related derivatives, Biocatalysis and Biotransformation 22 (2004)
331–339.

44] R.O. Cristovao, A.P.M. Tavares, A.S. Ribeiro, J.M. Loureiro, R.A.R. Boaventura, E.A.
Macedo, Kinetic modelling and simulation of laccase catalyzed degradation of
reactive textile dyes, Bioresource Technology 99 (2008) 4768–4774.

45] E.N. Brown, R. Friemann, A. Karlsson, J.V. Parales, M.M.J. Couture, L.D. Eltis, et al.,
Determining Rieske cluster reduction potentials, Journal of Biological Inorganic
Chemistry 13 (2008) 1301–1313.

46] Suresh, P.S. Kumar, A. Kumar, R. Singh, V.P. An, Insilco approach to bioreme-
diation: laccase as a case study, Journal of Molecular Graphics & Modelling 26
(2008) 845–849.

47] X. Hu, S. Balaz, W.H. Shelver, A practical approach to docking of zinc metal-
loproteinase inhibitors, Journal of Molecular Graphics & Modelling 22 (2004)
293–307.

48] A. Oda, K. Tsuchida, T. Takakura, N. Yamaotsu, S. Hirono, Comparison of consen-
sus  scoring strategies for evaluating computational models of protein–ligand
complexes, Journal of Chemical Information and Modeling 46 (2006)
380–391.

49] E. Carredano, A. Karlsson, B. Kauppi, D. Choudhury, R.E. Parales, J.V. Parales,
et al., Substrate binding site of naphthalene 1,2-dioxygenase: functional impli-
cations of indole binding, Journal of Molecular Biology 296 (2000) 701–712.

50] V. Librando, S. Forte, Computer evaluation of protein segments removal effects
from naphthalene 1,2-dioxygenase enzyme on polycyclic aromatic hydrocar-
bons interaction, Biochemical Engineering Journal 27 (2005) 161–166.

51] V. Librando, A. Cambria, A. Alparone, D. Gullotto, Computational analyses
of  virtual proteolytic fragments generated by naphthalene 1,2-dioxygenase.
In search of native-like conformation and function, Molecular Simulation 33
(2007) 231–237.

52] A.L. Juhasz, R. Naidu, Bioremediation of high molecular weight polycyclic aro-
matic hydrocarbons: a review of the microbial degradation of benzo[a]pyrene,
International Biodeterioration & Biodegradation 45 (2000) 57–88.

53] R.A. Kanaly, S. Harayama, Biodegradation of high-molecular-weight poly-
cyclic aromatic hydrocarbons by bacteria, Journal of Bacteriology 182 (2000)
2059–2067.

54] K.H. Wammer, C.A. Peters, Polycyclic aromatic hydrocarbon biodegradation
rates: a structure-based study, Environmental Science & Technology 39 (2005)
2571–2578.

55] J. Jakoncic, Y. Jouanneau, C. Meyer, V. Stojanoff, The catalytic pocket of the
ring-hydroxylating dioxygenase from Sphingomonas CHY-1, Biochemical and
Biophysical Research Communications 352 (2007) 861–866.

56] Y. Jouanneau, C. Meyer, J. Jakoncic, V. Stojanoff, J. Gaillard, Characterization of
a  naphthalene dioxygenase endowed with an exceptionally broad substrate
specificity toward polycyclic aromatic hydrocarbons, Biochemistry 45 (2006)
12380–12391.

57] V. Librando, M. Pappalardo, Computational study on the interaction of a ring-
hydroxylating dioxygenase from Sphingomonas CHY-1 with PAHs, Journal of
Molecular Graphics & Modelling 29 (2011) 915–919.

58] V. Librando, M.  Pappalardo, Engineered enzyme interactions with polycyclic
aromatic hydrocarbons: a theoretical approach, Journal of Molecular Graphics
and Modelling 36 (2012) 30–35.

59] V. Librando, A. Alparone, Electoonic polarizability as a predictor of
biodegradation rates of dimethylnaphthalenes. An ab initio and density
functional theory study, Environmental Science & Technology 41 (2007)
1646–1652.

60] F. Li, X. Liu, L. Zhang, L. You, J. Zhao, H. Wu,  Noncovalent interactions between
hydroxylated polycyclic aromatic hydrocarbon and DNA. Molecular dock-
ing  and QSAR study, Environmental Toxicology and Pharmacology 32 (2011)
373–381.

61] F. Li, H. Wu,  L. Li, J. Zhao, W.J.G.M. Peijnenburg, Docking and QSAR study on the
binding interactions between polycyclic aromatic hydrocarbons and estrogen
receptor, Ecotoxicology and Environmental Safety 80 (2012) 273–279.

62] K. Kobeticova, Z. Simek, J. Brezovsky, J. Hofman, Toxic effects of nine polycyclic
aromatic compounds on Enchytraeus crypticus in artificial soil in relation to their
properties, Ecotoxicology and Environmental Safety 74 (2011) 1727–1733.
63] F. Pazos, D. Guijas, A. Valencia, V. De Lorenz, MetaRouter: bioinformatics for
bioremediation, Nucleic Acids Research 33 (2005) D588–D592.

64] G. Carbajosa, A. Trigo, A. Valencia, I. Cases, Bionemo: molecular infor-
mation on biodegradation metabolism, Nucleic Acids Research 37 (2009)
D598–D602.

http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0085
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0085
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0085
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0085
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0085
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0085
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0085
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0085
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0085
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0085
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0085
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0085
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0085
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0085
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0085
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0085
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0085
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0085
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0085
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0085
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0085
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0085
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0085
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0085
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0085
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0085
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0085
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0090
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0090
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0090
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0090
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0090
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0090
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0090
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0090
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0090
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0090
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0090
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0090
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0090
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0090
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0090
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0090
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0090
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0090
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0090
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0090
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0090
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0090
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0090
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0090
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0090
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0090
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0090
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0090
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0090
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0090
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0090
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0095
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0095
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0095
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0095
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0095
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0095
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0095
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0095
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0095
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0095
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0095
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0095
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0095
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0095
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0095
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0095
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0095
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0095
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0095
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0095
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0095
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0095
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0095
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0095
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0095
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0095
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0095
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0095
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0095
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0095
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0095
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0095
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0100
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0100
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0100
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0100
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0100
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0100
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0100
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0100
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0100
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0100
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0100
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0100
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0100
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0100
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0100
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0100
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0100
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0100
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0100
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0100
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0100
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0100
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0100
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0100
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0100
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0100
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0100
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0100
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0100
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0100
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0100
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0105
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0105
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0105
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0105
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0105
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0105
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0105
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0105
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0105
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0105
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0105
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0105
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0105
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0105
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0105
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0105
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0105
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0105
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0105
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0105
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0105
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0105
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0105
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0105
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0105
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0105
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0105
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0105
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0105
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0105
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0105
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0105
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0105
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0110
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0110
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0110
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0110
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0110
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0110
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0110
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0110
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0110
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0110
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0110
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0110
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0110
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0110
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0110
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0110
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0110
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0110
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0110
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0110
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0110
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0110
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0110
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0110
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0110
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0110
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0110
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0110
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0110
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0110
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0110
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0110
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0110
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0110
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0110
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0110
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0110
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0110
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0110
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0115
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0115
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0115
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0115
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0115
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0115
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0115
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0115
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0115
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0115
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0115
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0115
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0115
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0115
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0115
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0115
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0115
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0115
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0115
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0115
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0115
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0115
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0115
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0115
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0115
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0115
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0115
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0115
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0115
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0115
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0115
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0120
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0120
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0120
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0120
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0120
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0120
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0120
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0120
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0120
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0120
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0120
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0120
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0120
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0120
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0120
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0120
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0120
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0120
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0120
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0120
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0120
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0120
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0120
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0120
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0120
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0120
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0120
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0120
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0120
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0125
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0125
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0125
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0125
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0125
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0125
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0125
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0125
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0125
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0125
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0125
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0125
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0125
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0125
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0125
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0125
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0125
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0125
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0125
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0125
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0125
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0125
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0125
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0125
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0125
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0125
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0125
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0125
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0125
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0125
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0125
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0130
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0130
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0130
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0130
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0130
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0130
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0130
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0130
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0130
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0130
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0130
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0130
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0130
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0130
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0130
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0130
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0130
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0130
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0130
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0130
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0130
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0130
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0130
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0130
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0130
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0130
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0130
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0130
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0130
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0130
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0130
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0130
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0130
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0130
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0130
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0135
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0135
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0135
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0135
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0135
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0135
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0135
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0135
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0135
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0135
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0135
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0135
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0135
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0135
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0135
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0135
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0135
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0135
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0135
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0135
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0135
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0135
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0135
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0135
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0135
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0135
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0135
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0135
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0135
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0135
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0135
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0140
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0140
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0140
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0140
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0140
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0140
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0140
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0140
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0140
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0140
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0140
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0140
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0140
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0140
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0140
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0140
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0140
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0140
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0140
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0140
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0145
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0145
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0145
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0145
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0145
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0145
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0145
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0145
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0145
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0145
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0145
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0145
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0145
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0145
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0145
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0145
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0145
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0145
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0145
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0145
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0145
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0145
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0145
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0145
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0145
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0145
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0145
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0145
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0145
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0145
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0145
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0145
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0145
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0145
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0150
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0150
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0150
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0150
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0150
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0150
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0150
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0150
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0150
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0150
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0150
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0150
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0150
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0150
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0150
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0150
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0150
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0150
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0150
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0150
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0150
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0150
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0150
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0150
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0150
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0150
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0150
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0150
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0150
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0150
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0150
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0150
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0150
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0150
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0150
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0155
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0155
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0155
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0155
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0155
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0155
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0155
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0155
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0155
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0155
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0155
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0155
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0155
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0155
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0155
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0155
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0155
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0155
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0155
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0155
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0155
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0155
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0155
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0155
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0155
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0155
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0155
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0155
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0155
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0155
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0155
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0155
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0160
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0160
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0160
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0160
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0160
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0160
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0160
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0160
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0160
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0160
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0160
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0160
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0160
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0160
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0160
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0160
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0160
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0160
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0160
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0160
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0160
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0160
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0160
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0160
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0160
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0160
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0160
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0160
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0160
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0160
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0160
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0160
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0160
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0160
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0165
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0165
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0165
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0165
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0165
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0165
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0165
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0165
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0165
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0165
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0165
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0165
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0165
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0165
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0165
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0165
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0165
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0165
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0165
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0165
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0165
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0165
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0165
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0170
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0170
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0170
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0170
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0170
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0170
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0170
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0170
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0170
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0170
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0170
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0170
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0170
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0170
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0170
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0170
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0170
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0170
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0170
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0170
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0170
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0170
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0170
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0170
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0170
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0170
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0170
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0170
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0170
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0170
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0170
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0170
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0170
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0170
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0170
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0170
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0170
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0170
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0175
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0175
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0175
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0175
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0175
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0175
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0175
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0175
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0175
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0175
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0175
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0175
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0175
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0175
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0175
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0175
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0175
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0175
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0175
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0175
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0175
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0175
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0175
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0175
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0175
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0175
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0175
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0175
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0175
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0175
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0175
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0175
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0175
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0175
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0175
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0175
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0175
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0175
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0180
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0180
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0180
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0180
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0180
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0180
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0180
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0180
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0180
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0180
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0180
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0180
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0180
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0180
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0185
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0185
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0185
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0185
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0185
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0185
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0185
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0185
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0185
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0185
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0185
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0185
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0185
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0185
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0185
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0185
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0185
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0185
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0185
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0185
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0185
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0185
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0185
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0185
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0185
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0185
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0185
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0185
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0190
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0190
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0190
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0190
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0190
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0190
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0190
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0190
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0190
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0190
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0190
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0190
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0190
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0190
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0190
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0190
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0190
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0190
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0190
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0190
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0190
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0190
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0190
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0190
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0190
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0190
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0190
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0190
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0190
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0190
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0190
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0190
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0190
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0190
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0190
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0190
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0190
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0195
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0195
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0195
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0195
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0195
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0195
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0195
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0195
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0195
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0195
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0195
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0195
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0195
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0195
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0195
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0195
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0195
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0195
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0195
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0195
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0195
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0195
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0195
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0195
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0195
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0195
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0195
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0195
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0195
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0195
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0195
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0195
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0195
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0195
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0195
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0195
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0195
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0195
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0195
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0200
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0200
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0200
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0200
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0200
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0200
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0200
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0200
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0200
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0200
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0200
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0200
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0200
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0200
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0200
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0200
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0200
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0200
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0200
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0200
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0200
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0200
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0200
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0200
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0200
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0200
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0200
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0200
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0200
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0200
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0205
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0205
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0205
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0205
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0205
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0205
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0205
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0205
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0205
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0205
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0205
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0205
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0205
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0205
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0205
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0205
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0205
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0205
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0205
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0205
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0205
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0205
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0205
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0205
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0205
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0205
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0205
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0205
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0205
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0205
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0205
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0205
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0205
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0210
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0210
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0210
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0210
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0210
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0210
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0210
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0210
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0210
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0210
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0210
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0210
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0210
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0210
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0210
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0210
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0210
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0210
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0210
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0210
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0210
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0210
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0210
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0210
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0210
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0210
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0210
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0210
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0210
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0210
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0210
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0210
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0210
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0210
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0210
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0210
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0210
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0210
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0215
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0215
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0215
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0215
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0215
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0215
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0215
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0215
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0215
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0215
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0215
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0215
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0215
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0215
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0215
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0215
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0215
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0215
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0215
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0215
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0215
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0215
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0215
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0215
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0215
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0215
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0215
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0215
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0215
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0215
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0215
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0215
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0220
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0220
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0220
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0220
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0220
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0220
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0220
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0220
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0220
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0220
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0220
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0220
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0220
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0220
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0220
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0220
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0220
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0220
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0220
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0220
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0220
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0220
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0220
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0220
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0220
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0220
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0220
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0220
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0220
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0220
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0220
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0225
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0225
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0225
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0225
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0225
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0225
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0225
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0225
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0225
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0225
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0225
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0225
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0225
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0225
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0225
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0225
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0225
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0225
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0225
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0225
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0225
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0225
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0225
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0225
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0225
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0225
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0225
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0225
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0225
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0230
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0230
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0230
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0230
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0230
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0230
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0230
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0230
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0230
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0230
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0230
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0230
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0230
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0230
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0230
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0230
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0230
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0230
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0230
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0230
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0230
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0230
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0230
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0230
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0230
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0230
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0230
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0230
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0230
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0230
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0235
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0235
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0235
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0235
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0235
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0235
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0235
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0235
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0235
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0235
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0235
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0235
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0235
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0235
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0235
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0235
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0235
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0235
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0235
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0235
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0235
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0235
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0235
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0235
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0235
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0235
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0235
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0240
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0240
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0240
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0240
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0240
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0240
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0240
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0240
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0240
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0240
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0240
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0240
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0240
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0240
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0240
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0240
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0240
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0240
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0240
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0240
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0240
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0240
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0240
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0240
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0240
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0240
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0240
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0240
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0240
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0240
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0240
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0240
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0240
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0240
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0240
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0240
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0245
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0245
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0245
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0245
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0245
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0245
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0245
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0245
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0245
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0245
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0245
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0245
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0245
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0245
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0245
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0245
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0245
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0245
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0245
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0245
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0245
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0245
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0245
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0245
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0245
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0245
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0245
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0245
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0245
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0245
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0245
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0245
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0245
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0245
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0245
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0250
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0250
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0250
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0250
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0250
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0250
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0250
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0250
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0250
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0250
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0250
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0250
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0250
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0250
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0250
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0250
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0250
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0250
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0250
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0250
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0250
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0250
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0250
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0250
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0250
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0250
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0250
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0250
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0250
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0255
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0255
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0255
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0255
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0255
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0255
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0255
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0255
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0255
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0255
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0255
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0255
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0255
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0255
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0255
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0255
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0255
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0255
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0255
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0255
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0255
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0255
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0255
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0255
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0255
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0255
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0255
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0255
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0255
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0255
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0255
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0255
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0260
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0260
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0260
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0260
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0260
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0260
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0260
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0260
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0260
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0260
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0260
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0260
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0260
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0260
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0260
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0260
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0260
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0260
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0260
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0260
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0260
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0260
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0260
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0260
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0260
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0260
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0260
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0260
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0260
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0260
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0265
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0265
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0265
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0265
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0265
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0265
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0265
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0265
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0265
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0265
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0265
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0265
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0265
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0265
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0265
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0265
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0265
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0265
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0265
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0265
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0265
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0270
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0270
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0270
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0270
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0270
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0270
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0270
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0270
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0270
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0270
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0270
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0270
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0270
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0270
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0270
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0270
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0270
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0270
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0270
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0270
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0270
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0275
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0275
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0275
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0275
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0275
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0275
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0275
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0275
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0275
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0275
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0275
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0275
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0275
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0275
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0275
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0275
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0275
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0275
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0275
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0275
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0275
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0275
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0275
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0275
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0275
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0275
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0275
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0275
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0280
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0280
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0280
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0280
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0280
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0280
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0280
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0280
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0280
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0280
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0280
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0280
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0280
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0280
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0280
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0280
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0280
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0280
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0280
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0280
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0280
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0280
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0280
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0280
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0280
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0280
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0280
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0280
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0280
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0280
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0280
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0280
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0285
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0285
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0285
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0285
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0285
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0285
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0285
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0285
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0285
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0285
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0285
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0285
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0285
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0285
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0285
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0285
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0285
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0285
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0285
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0285
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0285
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0285
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0285
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0285
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0285
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0285
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0285
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0285
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0285
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0285
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0290
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0290
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0290
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0290
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0290
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0290
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0290
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0290
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0290
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0290
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0290
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0290
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0290
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0290
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0290
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0290
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0290
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0290
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0290
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0290
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0290
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0290
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0290
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0290
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0290
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0295
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0295
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0295
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0295
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0295
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0295
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0295
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0295
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0295
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0295
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0295
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0295
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0295
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0295
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0295
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0295
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0295
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0295
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0295
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0295
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0295
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0295
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0295
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0295
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0295
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0295
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0295
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0295
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0295
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0295
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0295
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0300
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0300
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0300
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0300
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0300
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0300
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0300
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0300
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0300
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0300
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0300
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0300
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0300
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0300
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0300
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0300
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0300
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0300
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0300
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0300
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0300
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0300
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0300
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0300
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0300
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0300
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0300
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0300
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0300
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0300
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0300
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0300
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0300
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0300
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0300
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0300
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0305
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0305
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0305
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0305
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0305
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0305
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0305
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0305
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0305
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0305
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0305
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0305
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0305
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0305
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0305
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0305
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0305
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0305
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0305
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0305
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0305
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0305
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0305
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0305
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0305
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0305
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0305
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0305
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0305
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0305
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0305
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0305
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0305
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0305
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0310
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0310
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0310
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0310
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0310
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0310
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0310
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0310
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0310
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0310
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0310
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0310
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0310
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0310
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0310
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0310
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0310
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0310
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0310
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0310
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0310
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0310
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0310
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0310
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0310
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0310
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0310
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0310
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0310
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0310
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0310
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0310
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0310
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0310
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0310
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0315
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0315
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0315
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0315
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0315
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0315
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0315
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0315
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0315
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0315
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0315
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0315
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0315
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0315
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0315
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0315
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0315
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0315
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0315
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0315
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0315
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0320
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0320
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0320
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0320
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0320
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0320
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0320
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0320
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0320
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0320
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0320
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0320
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0320
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0320
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0320
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0320
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0320
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0320
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0320
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0320
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0320
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0320
http://refhub.elsevier.com/S1093-3263(13)00090-9/sbref0320

	In silico bioremediation of polycyclic aromatic hydrocarbon: A frontier in environmental chemistry
	1 Introduction
	2 Enzymes degrading polycyclic aromatic hydrocarbons
	2.1 Environmental and chemico-physical parameters affecting degradation
	2.2 Manganese peroxidase
	2.3 Laccase
	2.4 Soybean peroxidase
	2.5 Naphthalene dioxygenase

	3 Polycyclic aromatic hydrocarbons: computational aspects
	3.1 Bioinformatics methods
	3.2 Docking calculations
	3.3 Quantum mechanical techniques
	3.4 Database approach
	3.5 Conclusions: theoretical methods can support experiments

	Acknowledgements
	References


