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Over  the last  years  zebrafish  has  become  a  popular  model  in the  study  of  cardiac  physiology,  pathology
and  pharmacology.  Recently,  the  application  of  the 3Rs  regulation  and  the characteristics  of  the  embryo
have  reduced  the  use  of  adult  zebrafish  use  in  many  studies.  However,  the  zebrafish  embryo  cardiac  phys-
iology  is poorly  characterized  since  most  works  have  used  indirect  techniques  and  direct  recordings  of
cardiac  action  potential  and  ionic  currents  are  scarce.  In  order  to  optimize  the  zebrafish  embryo  model,  we
used electrophysiological,  pharmacological  and  immunofluorescence  tools  to  identify  the  characteristics
and  the ionic  channels  involved  in  the  ventricular  action  potentials  of  zebrafish  embryos.  The  application
of  Na+ or  T-type  Ca+2 channel  blockers  eliminated  the  cardiac  electrical  activity,  indicating  that  the  action
potential  upstroke  depends  on  Na+ and T-type  Ca+2 currents.  The  plateau  phase  depends  on  L-type  Ca+2

channels  since  it  is abolished  by specific  blockade.  The  direct  channel  blockade  indicates  that  the action
potential  repolarization  and  diastolic  potential  depends  on  ERG  K+ channels.  The  presence  in the  embry-

onic  heart  of the  Nav1.5,  Cav1.2,  Cav3.2  and  ERG  channels  was  also  confirmed  by immunofluorescence,
while the  absence  of  effect  of  specific  blockers  and  immunostaining  indicate  that  two  K+ repolarizing
currents  present  in  human  heart,  Ito and IKs, are  absent  in the embryonic  zebrafish  heart.  Our  results
describe the  ionic  channels  present  and  its  role  in  the  zebrafish  embryo  heart  and  support  the use of
zebrafish  embryos  to study  human  diseases  and their  use  for  drug  testing.

©  2014  Elsevier  Ltd.  All  rights  reserved.
. Introduction

The zebrafish (Danio rerio) has been established as a biologi-
al model used in various scientific and technical fields such as
iomedicine, environment, aquaculture and food. The high degree
f genetic homology with mammals and humans [1–3], ease of
andling and reproduction, as well as great prospects for the
pplication of the new genomic and proteomic technologies, has
ostered the use of zebrafish to spread rapidly in science and

usiness.

Although the zebrafish heart is two-chambered, its electrical
roperties resemble those of humans [4], including embryonic and
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ttp://dx.doi.org/10.1016/j.phrs.2014.03.011
043-6618/© 2014 Elsevier Ltd. All rights reserved.
adult heart rates and the QT interval duration link to heart rate
[5,6]. In addition, the zebrafish genome has orthologs of all major
cardiac channels present in the human heart, such as the Na+ chan-
nel Nav1.5, the Cav1.2 Ca2+ channel and the K+ channels Kv4.3,
Kv7.1 and ERG [7–14]. However, physiological studies indicate that
some of these channels may  solely be present in non cardiac tissues
[15,16].

Action Potentials (AP) in myocytes isolated from adult zebrafish
heart were first recorded in 2008 [17]. That work showed that
the resting potential of cardiac myocytes from adult zebrafish is
approximately −70 mV  and the AP contains the plateau phase
characteristic of the heart of large mammals including humans.
Furthermore, the AP duration shortens by increasing the pacing
rate, especially at the expense of a shortening of Phase 2 [17]. In
2010 a complete electrophysiological study of adult zebrafish car-

diac myocytes was published [18]. Using electrophysiological and
pharmacological tools authors demonstrated that: Na+ channels
are responsible for the Phase 0 of the cardiac AP; that both T-type
and L-type Ca+2 currents contribute to the AP morphology; and

dx.doi.org/10.1016/j.phrs.2014.03.011
http://www.sciencedirect.com/science/journal/10436618
http://www.elsevier.com/locate/yphrs
http://crossmark.crossref.org/dialog/?doi=10.1016/j.phrs.2014.03.011&domain=pdf
mailto:oscar.casis@ehu.es
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Fig. 1. Characteristics of the transgenic zebrafish line. (A) Left panel: The bright field
micrography shows the transparency of the 48 hpf zebrafish embryo. Middle panel:
Micrography showing the green fluorescent heart thanks to the green fluorescent
protein copGFP expressed under the control of the cardiomyocyte specific promoter
Cmlc2. Right panel: Merged image showing the position of the atrium and the ven-
tricle. The blood flows through the sinus venosus to the atrium and upwards to the
ventricle; then is pumped through the bulbus arteriosus to the aorta. Magnifica-
tion  100×. (B) Micrography of the embryonic heart isolated from the surrounding
A. Alday et al. / Pharmacolo

hat repolarisation relies exclusively on the potassium current IKr.
n adult zebrafish the cardiac AP lacks the Phase 1 characteristic of
uman action potentials. However, the transient outward K+ cur-
ent, Ito, responsible for Phase 1 in human action potentials was not
tudied in any of the previous works.

Currently, a major zebrafish business application is the high-
hroughput testing of new compounds in preclinical studies. As

 consequence of economic and ethical reasons, companies are
o longer using adult fish to test compounds, but the embryo
t early stages [19]. Moreover, the zebrafish embryo is trans-
arent and allows direct observation of the heart rate and its
ariability. Thus, the capability of a compound for inducing brady-
ardia, arrhythmia, heart block or cardiac arrest is asserted mainly
y stereomicroscopy, spectroscopy and other optical techniques
11,19–21].

In spite of the resolution of the image techniques, the electrical
ehavior of the embryo zebrafish is poorly understood. In this sense,

t is known that the zebrafish embryo cardiac myocytes depolarize
fter few hours of development; Connexin 43 is clearly detectable
nd the heart starts beating in a synchronous manner at 24 hpf
22]. By 48 hpf the impulse propagation is fast in both the atrium
nd the ventricle and slow in the sinoatrial and the atrioventricular
odes. The transmural and apex to base electrical gradient, char-
cteristic of the mammalian heart, is also established at this stage
22–27].

Thus, the electrical characterization of the embryonic heart is
 crucial point for determining its physiological similarity to adult
uman heart and to support the use of zebrafish embryos in a regu-

atory environment. The aim of this work is to describe the different
onic channels responsible for the cardiac action potential in the
arly zebrafish embryo.

. Methods

The investigation fulfills the Spanish (RD 1201/2005) and Euro-
ean (D2003/65/CE and R2007/526/CE) rules for care of animals
sed for experimental and other research purposes, has been
pproved by the Ethics Committee for Animal Care (CEBA-131-
010) and by the Ethics Committee for the use of genetically
odified organisms (CEIAB-2-2010) of the Universidad del País
asco, and conforms to the Guide for Care and Use of Lab-
ratory Animals published by the US National Institutes of
ealth.

.1. Isolation of embryonic hearts

Zebrafish were raised under standard laboratory conditions at
8 ◦C. In this work, we used a transgenic zebrafish line expressing
he fluorescent copGFP protein under the control of a cardiomy-
cyte promoter (Cmlc2). The transgenic embryos were obtained
rom Biobide S.L. (San Sebastian, Spain) (Fig. 1A).

Decorionated 48 hours post-fertilization (hpf) embryos were
naesthetized with tricaine 0.02%. The medium was  removed and
he embryos were suspended in an enzymatic solution containing

 mg/ml  of collagenase type I and 1 mg/ml  of protease type XIV in
eibovitz L15 medium. Embryos were homogeneized by 10 gentle
pstrokes with a glass homogenizer and incubated for 30 min  at
1 ◦C in agitation. They were homogenized again and centrifuged

0 min  at 1000 rpm. The pellet was resuspended in L15 medium
nd maintained at 4 ◦C. Only the heart and some small fragments
f skeletal muscle are resistant to the process of isolation. Cardiac
issue was easily identifiable because of its specific green fluores-
ence and atrium and ventricle are differentiated by their different
orphology (Fig. 1B).
tissues. Magnification 400×. (For interpretation of the references to colour in this
figure legend, the reader is referred to the web version of this article.)

2.2. Action potential recording

Only spontaneously beating hearts were used. All experiments
were performed at room temperature (22–24 ◦C). The hearts were
perfused with an external solution containing (in mM):  NaCl 150,
KCl 5.4, CaCl2 2, MgSO4 1.5, HEPES-Na 10, NaH2PO4 0.4 and glucose
10 (pH 7.7). Suction pipettes were made from borosilicate capillary
tubes (Sutter Instruments Inc.) and had a tip resistances of 4–6 M�
when filled with the internal solution (mM): KCl 139, NaCl 10,
MgCl2 0.5, EGTA-K 0.5, HEPES-K 10 and ATP-Na 5 (pH 7.2). Trans-
membrane potential was  measured by using an Axopatch 200B
amplifier (Molecular Devices, Sunnyvale, CA) with the disrupted
patch technique as published [28]. The pipette was positioned
adjacent to the ventricle and a seal was formed by application of
minimal suction. Spontaneous ventricular APs were recorded for
10 min  and then perfused with the different drugs.

2.3. Data analysis

Action potential parameters were measured with the Clampfit
10.2 software. Values are presented as mean ± SEM. Student’s t-test
for paired data was  used to compare the difference between two
means. p < 0.05 was considered significant.

2.4. Immunofluorescence

Zebrafish embryos were anaesthetized with tricaine and fixed
in paraformaldehyde 4%. With the help of a stereomicroscope the
chest was opened and the yolk sac was  removed to expose the
heart to the bathing solutions. The embryos were washed with
phosphate buffer and dehydrated in 50% methanol. They were
sequentially rehydrated with 50% metOH, 30% metOH  and PBS-
Tween and incubated 15 min  at room temperature with proteinase
K 10 �g/ml. After washing with PBS-Triton X-100 0.1%, the embryos
were immersed in blocking solution (PBS with 5% Normal Donkey
Serum, 4 mg/ml  BSA and 5% Triton X-100) for 1 h at RT. Primary
anti-Nav1.5, Cav1.2, Cav3.2, ERG, Kv4.3 and Kv7.1 antibodies (Santa
Cruz Biotechnology, Santa Cruz, CA, USA) diluted in blocking buffer
were applied overnight at 4 ◦C. Secondary donkey anti-goat Cy5-
conjugated antibodies (Invitrogen, Grand Island, NY, USA) diluted

in blocking buffer were applied for 2 h at RT. Coverslips were
mounted in Mowiol reagent (Calbiochem) and analyzed in a Zeiss
Axio Observer Z1 fluorescence microscope (Zeiss, Jena, Germany).
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ig. 2. Ventricular action potentials from spontaneously beating hearts. The 48 hpf
eart has a resting potential of −66.3 ± 0.5 mV,  an action potential amplitude of
1.9 ± 0.9 mV and an APD90 of 230.9 ± 5.2 ms  (n = 55).

. Results

.1. Ventricular action potential (AP) characteristics

Ventricular action potentials were recorded from spontaneously
eating hearts isolated from 48 hpf zebrafish embryos (Fig. 2).
entricular APs were generated by spontaneous electrical activity

nitiated in the atrium at room temperature. Under these exper-
mental conditions the ventricular action potential morphology
howed minor differences to those reported in adult ventricular
yocytes (see Section 4). The cardiac cycle length is 1073 ± 40 ms,

he resting membrane potential was −66.3 ± 0.5 mV,  the action
otential amplitude was 91.9 ± 0.9 mV and the action potential
uration at 90% of repolarization (APD90) was 230.9 ± 5.2 ms.  These
ction potentials had distinguishable phases 0, 2, 3 and 4, but lacked
he phase 1 characteristic of large mammals (Fig. 2; Figs. 3 and 4,
ontrol).

.2. Pharmacological dissection of ionic channels

The functional presence or absence of the different ionic chan-
els is commonly explored by using specific blockers. In this work
e employed several widely used blockers of the different ionic

hannels at concentrations slightly over the reported IC50.
In most species, the main depolarizing currents are the Na+

nd the Ca+2 currents and their role in zebrafish embryo action
otentials were similar (Fig. 3). After the application for 5 min  of

ither lidocaine 30 �M to block the Na+ channel, or NNC55-0396
0 �M to block the T-type Ca2+ channel, the action potential dis-
ppeared, indicating that the phase 0 is dependent on Na+ and
-type Ca+2 channels. The L-type Ca+2 channels blockade with

ig. 3. Pharmacological dissection of depolarizing currents. Lidocaine (Na+ current inhibit
he  heart and reduce the maximum diastolic potential (n = 18 paired hearts). The L-typ
P  amplitude and the maximum diastolic potential (*p  < 0.05, **p < 0.01. n = 12 paired hea
ction  Potential Duration at 90% of repolarization; LID: Lidocaine 30 �M; NNC: NNC55-0
Research 84 (2014) 26–31

nitrendipine 10 �M lead to the elimination of the plateau phase
of the action potential.

In the human heart there are three main repolarizing currents:
Ito, responsible for the action potential phase 1, IKr, responsible for
the phase 3 and IKs, considered the repolarization reserve. Fig. 4
shows the effect of blocking each one of these currents on the
ventricular action potential of 48 hpf zebrafish embryos. The IKr
blocker terfenadine 100 nM depolarized the hearts (−56.1 ± 4.6,
p < 0.01) and prolonged the APD90 to 244.5 ± 6.5 ms  (p < 0.05) indi-
cating its role in the action potential phase 3 and in the maintenance
of the resting potential. Higher terfenadine concentrations 1 (�M)
further depolarized the membrane and abolished action potential
generation (not shown). However, the blockade of either Ito with
heteropodatoxin (HPTX) 50 nM or IKs with Chromanol 293B 10 �M
had no effect on action potentials, indicating the absence of func-
tional Ito or IKs currents in the membrane of the myocytes (Fig. 4).
Higher concentrations of HPTX or Chromanol 293B also had no
effect on action potentials (100 nM and 100 �M respectively; not
shown).

3.3. Ion channel forming proteins present in the zebrafish
embryonic heart

The pharmacological dissection of the cardiac action potential
suggests that the membrane of the myocytes contains functional
Na+, T- and L-type Ca+2 and ERG K+ channels, whereas it lacks
functional Ito and IKs currents. We  performed immunofluorescence
experiments to determine whether the channel proteins supposed
to drive each of these currents are present or absent in the car-
diomyocytes of the zebrafish embryo.

Immunofluorescence experiments corroborated the functional
experiments. The hearts of 48 hpf zebrafish embryos showed clear
staining of the of Nav1.5 Na+ channels. The Cav3.2 and Cav1.2,
responsible for T- and L-type Ca+2 currents respectively were
also present in zebrafish embryos. The immunohistological experi-
ments also confirmed the presence of the ERG channel in the heart
of 48 hpf zebrafish embryos (Fig. 5).

Also as expected from the pharmacological and functional

experiments, immunohistochemistry failed to detect the Kv4.3 and
Kv7.1 channels, responsible for the Ito and slow delayed rectifier
IKs currents respectively. One possible explanation could be that
these channels appear in later stages of heart development. To

or) and NNC55-0396 (T-type Ca+2 current blocker) abolish the electric activity of
e Ca+2 channel blocker Nitrendipine eliminates the plateau and reduces both the
rts). MDP: Maximun Disatolic Potential; APA: Action Potential Ampitude; APD90;

396 20 �M; NTRN: Nitrendipine 10 �M.
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F eteropodatoxin (HPTX) nor IKs inhibition with Chromanol 293B induce any effect on the
a or Terfenadine induces a cell depolarization that leads to an AP amplitude reduction and
s n Disatolic Potential; APA: Action Potential Ampitude; APD90; Action Potential Duration
a �M; TERF: Terfenadine 100 nM.
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ig. 4. Pharmacological dissection of repolarizing currents. Neither Ito blockade with h
ction potential morphology (n = 14 paired hearts). However, the IKr current inhibit
lightly prolongs the APD90 (*p < 0.05, **p  < 0.01. n = 11 paired hearts). MDP: Maximu
t  90% of repolarization; HPTX: Heteropodatoxin 50 nM;  CHR: Chromanol 293B 10 
est this possibility we performed the immunofluorescence exper-
ments using 72 and 96 hpf embryos and obtained similar negative
esults. We  found no signal for Kv4.3 and Kv7.1 K+ channels in any
f the tested stages (Fig. 6). On the contrary, Nav1.5, Cav3.2, Cav1.2

ig. 5. Immunolocalization of ionic channels responsible for the action potential in car-
iac myocytes. The Na+, L-type and T-type Ca+2 and rapid delayed rectifier K+ currents
re carried through Nav1.5, Cav1.2, Cav3.2 and ERG channels respectively. Fluores-
ence microscopy imaging showing Cy5 labeled antibodies shows the presence of
he four channel types (left column) in the Green Fluorescent (right) 48 hpf zebrafish
eart. n = 10–15 embryos. (For interpretation of the references to colour in this figure

egend, the reader is referred to the web version of this article.)

Fig. 6. The membrane of zebrafish cardiomyocytes lacks Kv4.3 and Kv7.1 channels.
Fluorescence microscopy imaging of Cy5 labeled antibodies (left column) in the
Green Fluorescent (right) 48 hpf zebrafish heart detects no signal when Kv4.3 (A)
or  Kv7.1 (B) specific antibodies are used. The fluorescence does not appear after 72
or  96 h of development. n = 10–15 embryos. (For interpretation of the references to

colour in this figure legend, the reader is referred to the web version of this article.)

and ERG channels expression was maintained at 72 and 96 hpf (not
shown).

4. Discussion

Mouse is probably the most commonly used model for the study
of human heart diseases, but some electrophysiological aspects,
such as heart rate and action potential duration, differ significantly
to those observed in the human heart. These characteristics are a
consequence of different ion channels present in the membrane of
cardiomyocytes of both species. Thus, new animal models capa-
ble to translate cardiovascular properties into human are being
explored for the study of human electrophysiology as well as to
be applied to evaluate the cardiotoxic properties of new drugs for
human use. In this sense, zebrafish is as a vertebrate model in
which genetic, optical and physiological techniques can be eas-
ily employed to study heart function. In recent years, zebrafish

embryos have been proposed as a suitable model for drug testing
because they are easy to use, inexpensive to raise, they develop in
hours and are optically transparent [26,29]. To better support this
option, specific electrophysiological, pharmacological and molecu-
lar comparative studies should be made.



3 gical 

h
c
h
i
d
e
C
I
4
c
f
e

i
z
t
t
f
f
a
d
m
p
[
v
s
c
i

d
h
u
r
−
b
v
−
v

p
c
e
b
t
t
r
p
(
d
T
a
a
T
i
t
m

a
t
i
a
s
a
C
t

0 A. Alday et al. / Pharmacolo

The first electrophysiological recordings in the zebrafish
eart were done more than 15 years ago [30] and the ionic
hannels responsible for action potential in adult cardiac myocytes
ave been recently described in some detail [17,18]. However, the

onic channel composition of the membrane of embryonic car-
iac myocytes has never been described. Our immunofluorescence
xperiments prove the presence of the voltage-dependent Nav1.5,
av3.2, Cav1.2 and ERG channels, responsible for INa, ICa-T, ICa-L and

Kr respectively already in the 48 hpf embryonic hearts. However,
8 hpf, 72 hpf embryos and 96 hpf larvae lack the Kv4.3 and Kv7.1
hannels, responsible for Ito and IKs indicating a first important dif-
erence to be taken into account when positioning the zebrafish
mbryo as a human cardiotoxic surrogate model.

Previous works recorded the spontaneous action potentials
n hearts dissected one by one with fine forceps from 48 hpf
ebrafish embryos [28,31], this method ensures the integrity of
he macroscopic structure and of the membrane proteins. Here,
aking advantage of the fact that the heart is fluorescent we  per-
orm an enzymatic digestion quicker and easier and isolate hearts
orm many fishes at once. However, the isolation procedure could
lter the cardiac electrophysiological behavior. In our work, the car-
iac cycle length and the action potential characteristics such as
aximum diastolic potential, action potential amplitude or action

otential duration, are similar to those reported by other groups
28,31]. The slight differences observed are attributable to small
ariations in the composition of the internal and external recording
olutions. Due to the loss of neuroendocrine control, the cardiac
ycle length is slightly shorter in the isolated organ than in the
ntact organism as described in mammalian hearts [19].

The action potential characteristics of 48 hpf zebrafish hearts
escribed in ours work are similar to those observed in adult
earts, supporting the use of embryos to substitute adult animal
se but with some specificities. The resting membrane potential
eported in adult ventricular myocytes is stable and slightly under
70 mV.  In contrast, we have showed that the membrane potential
etween action potentials spontaneously depolarizes in embryonic
entricular myocytes, with a maximum diastolic potential around
66 mV.  Besides, the APD90 is about 100 ms  longer in embryonic
s adult ventricular myocytes [17,18,28].

In embryonic ventricular myocytes, the resting membrane
otential was proposed to be dependent on ERG channels because
hannel block causes the cell membrane depolarization [28]. How-
ver, the resting membrane potential is not affected by ERG channel
lockade in adult myocytes [18]. In our work, we have observed
hat the ERG channel blockade with low terfenadine concentra-
ion (100 nM)  in embryonic myocytes depolarizes the cell and
educes the action potential amplitude in line with what had
reviously observed. Moreover, higher terfenadine concentration
1 �M),  which causes maximum ERG channel blockade, further
epolarizes the myocyte and causes a loss of electrical activity.
hese results indicate that, unlike what had been described in
dult myocytes, the ERG channels in zebrafish embryonic myocytes
re the main responsible for the maximum diastolic potential.
his important role could be due to the later development of the
nward rectifier channels responsible for IK1, which could explain
he more stable resting potential and the shorter APD in adult

yocytes.
Once the ventricle is reached by a stimulus generated in the

trium, it generates its own action potential. Our experiments using
he Na+ channel blocker Lidocaine demonstrate that, as reported
n adult zebrafish and mammalian cardiac myocytes [17,18], the
ction potential upstroke is strongly dependent on Na+ channels,

ince Na+ channel blockade fully eliminates the action potential. In
ddition, action potential generation is also abolished by the T-type
a+2 channel blocker NNC55-0396. These results together indicate
hat the action potential upstroke is strongly dependent both on
Research 84 (2014) 26–31

both Na+ and T-Type Ca+2 channels. T-type Ca+2 channels are also
expressed in the mammalian fetal heart, and disappear during heart
development [32]. In zebrafish ventricular myocytes T-type Ca+2

channels have also been observed in later stages of development
and in the adult fish [18,30].

We observed that inhibition of the L-Type calcium current with
nitrendipine suppresses the phase 2 of the action potential. Thus,
this current is the main responsible for the plateau phase of the
cardiac action potential in mammals and adult zebrafish as well as
in the 48 hpf zebrafish embryo [17,18,33].

Finally, the main repolarizing K+ currents in human heart are the
transient outward Ito, carried through Kv4.3 channels and responsi-
ble for the AP phase 1; the rapid delayed rectifier IKr, carried through
ERG channels and responsible for phase 3; and the slow delayed rec-
tifier IKs, carried by Kv7.1 channels which also participate in phase
3. Only the IKr current has been described both in adult and embry-
onic zebrafish cardiac myocytes [18,28,30] and the zERG channel
is the only one biophysically characterized [34]. In adult zebrafish
cardiomyocytes the presence of the IKs current was discarded and
the absence of Ito was suggested [18,19] although the presence of
a functional Ito has been described only in zebrafish skeletal mus-
cle as early as 48 hpf [15,16]. In our work, the absence of phase
1 in the action potential of embryonic ventricular myocytes indi-
cates the absence of a relevant Ito. The absence of a functional Ito
was confirmed with the use of the specific blocker Heteropoda-
toxin. However, the absence of a functional Ito could be due to
different physiological factors. The absence of Kv4.3 channel pro-
teins in the membrane of the cardiomyocytes was  then confirmed
with immunofluerescence staining. Moreover, these channels do
not develop in later stages of embryonic development. Similar
results also confirmed that the absence of Kv7.1 channel proteins
in the membrane of the cardiomyocytes is the responsible for the
absence of a functional IKs current in the heart of embryonic and
adult zebrafish. It can be argued against the specificity of the anti-
bodies. However, the absence of immunostaining only corroborates
the electrophysiological findings.

In summary, in spite of some differences, these results indicate
that the 48 hpf zebrafish embryonic heart has similar electro-
physiological characteristics to the adult zebrafish and mammalian
heart. As in the human heart, in the 48 hpf zebrafish embryo the
cardiac action potential upstroke is dependent on Na+ channels
but, both in adults and 48 hpf embryos a T-type Ca+2 current is
also present. The T-type Ca+2 current is present in the heart of
mammalian embryos, but in contrast to zebrafish it disappears on
development. Thus, since the action potential upstroke depends
both on Na+ and T-Type Ca+2 channels, for drug toxicity testing
it must take into account that false positives due to drug binding
to the T-type Ca2+ and not the Na+ channel can be at the time of
assessing potential drugs that alter the Action Potential Generator.

In the 48 hpf embryo L-Type Ca2+ channels are responsi-
ble for the action potential phase 2, supporting the concept
that drug safety assessment in zebrafish embryos correlates
with drug cardiotoxicity in mammals. Finally, IKr has been the
main focus of cardiotoxicity studies and regulatory interest as a
consequence of its significant involvement in heart ventricular
repolarization and Torsade des Pointes incidence related to IKr
disfunction. In humans and in zebrafish embryos the action poten-
tial repolarization and diastolic potential is dependent on ERG K+

channels.
Taken together, these results describe for the first time the com-

plete set of ion channels regulating the heart beating in zebrafish
embryonic hearts and their role in the AP. They also indicate

that, being non-expensive and easier to use, the zebrafish embryo
is a model to be considered for the study of human diseases
and could offer significant advantages for high-throughput drug
testing.



gical 

F

t
a
t

P

S
S

R

[

[

[

[

[
[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[
in  zebrafish ventricular myocytes. Am J Physiol Regul Integr Comp Physiol
A. Alday et al. / Pharmacolo

unding

This work was supported by University of the Basque Coun-
ry UPV/EHU grants PES12/33, PPM12/12 and EHUA12/12 and by

 Gobierno Vasco grant IT653-13. Biobide S.L. kindly provided the
ransgenic line of zebrafish embryos.

otential conflicts of interest

Carles Callol and Ainhoa Letamendia were employees of Biobide
.L. when the work was carried out. Currently, the company Biobide
.L. does not longer exist.

eferences

[1] Chen JN, Haffter P, Odenthal J, Vogelsang E, Brand M,  van Eeden FJ, et al. Muta-
tions affecting the cardiovascular system and other internal organs in zebrafish.
Development 1996;123:293–302.

[2] Stainier DY, Fouquet B, Chen JN, Warren KS, Weinstein BM,  Meiler SE, et al.
Mutations affecting the formation and function of the cardiovascular system
in  the zebrafish embryo. Development 1996;123:285–92.

[3] Stainier DY. Zebrafish genetics and vertebrate heart formation. Nat Rev Genet
2001;2:39–48.

[4] Sedmera D, Reckova M,  deAlmeida A, Sedmerova M, Biermann M,  Volejnik
J,  et al. Functional and morphological evidence for a ventricular conduction
system in zebrafish and Xenopus hearts. Am J Physiol Heart Circ Physiol
2003;284:H1152–60.

[5] Kopp R, Schwerte T, Pelster B. Cardiac performance in the zebrafish break dance
mutant. J Exp Biol 2005;208:2123–34.

[6] Milan DJ, Jones IL, Ellinor PT, MacRae CA. In vivo recording of adult zebrafish
electrocardiogram and assessment of drug-induced QT prolongation. Am J
Physiol Heart Circ Physiol 2006;291:H269–73.

[7] Novak AE, Taylor AD, Pineda RH, Lasda EL, Wright MA,  Ribera AB. Embryonic
and larval expression of zebrafish voltage-gated sodium channel alpha-subunit
genes. Dev Dyn 2006;235:1962–73.

[8] Sanhueza D, Montoya A, Sierralta J, Kukuljan M.  Expression of voltage-
activated calcium channels in the early zebrafish embryo. Zygote 2009;17:
131–5.

[9] Rottbauer W,  Baker K, Wo  ZG, Mohideen MA,  Cantiello HF, Fishman MC.  Growth
and function of the embryonic heart depend upon the cardiac-specific L-type
calcium channel alpha1 subunit. Dev Cell 2001;1:265–75.

10] Hassel D, Scholz E, Trano N, Friedrich O, Just S, Meder B, et al. Deficient
zebrafish ether-à-go-go-related gene channel gating causes short QT syndrome
in  zebrafish reggae mutants. Circulation 2008;117:866–75.

11] Langheinrich U, Vacun G, Wagner T. Zebrafish embryos express an orthologue
of HERG and are sensitive toward a range of QT-prolonging drugs inducing
severe arrhythmia. Toxicol Appl Pharmacol 2003;193:370–82.
12] Abbas L, Whitfield TT. Nkcc1 (Slc12a2) is required for the regulation of
endolymph volume in the otic vesicle and swim bladder volume in the zebrafish
larva. Development 2009;136:2837–48.

13] McDermott Jr BM,  Baucom JM,  Hudspeth AJ. Analysis and functional evaluation
of  the hair-cell transcriptome. Proc Natl Acad Sci U S A 2007;104:11820–5.

[

Research 84 (2014) 26–31 31

14] www.ncbi.nlm.nih.gov/homologene
15] Buckingham SD, Ali DW.  Sodium and potassium currents of larval zebrafish

muscle fibres. J Exp Biol 2004;207:841–52.
16] Coutts CA, Patten AS, Balt LN, Ali DW.  Development of ionic currents of zebrafish

slow and fast skeletal muscle fibers. J Neurobiol 2006;66:220–35.
17] Brette F, Luxan G, Cros C, Dixey H, Wilson C, Shiels HA. Characterization of iso-

lated ventricular myocytes from adult zebrafish (Danio rerio). Biochem Biophys
Res Commun 2008;374:143–6.

18] Nemtsas P, Wettwer E, Christ T, Weidinger G, Ravens U. Adult zebrafish heart
as a model for human heart? An electrophysiological study. J Mol  Cell Cardiol
2010;48:161–71.

19] Letamendia A, Quevedo C, Ibarbia I, Virto JM,  Holgado O, Diez M,  et al. Devel-
opment and validation of an automated high-throughput system for zebrafish
in  vivo screenings. PLoS One 2012;7:e36690.

20] Mittelstadt SW,  Hemenway CL, Craig MP,  Hove JR. Evaluation of zebrafish
embryos as a model for assessing inhibition of hERG. J Pharmacol Toxicol Meth-
ods 2008;57:100–5.

21] Shi X, Foo YH, Sudhaharan T, Chong SW,  Korzh V, Ahmed S, et al. Determination
of dissociation constants in living zebrafish embryos with single wavelength
fluorescence cross-correlation spectroscopy. Biophys J 2009;97:678–86.

22] Panáková D, Werdich AA, Macrae CA. Wnt11 patterns a myocardial elec-
trical gradient through regulation of the L-type Ca(2+) channel. Nature
2010;466:874–8.

23] Watanabe T, Delbridge LM,  Bustamante JO, McDonald TF. Heterogeneity of
the  action potential in isolated rat ventricular myocytes and tissue. Circ Res
1983;52:280–90.

24] Casis O, Iriarte M,  Gallego M,  Sánchez-Chapula JA. Differences in regional dis-
tribution of K+ current densities in rat ventricle. Life Sci 1998;63:391–400.

25] Rosati B, Pan Z, Lypen S, Wang HS, Cohen I, Dixon JE, et al. Regulation of
KChIP2 potassium channel beta subunit gene expression underlies the gra-
dient of transient outward current in canine and human ventricle. J Physiol
2001;533:119–25.

26] Milan DJ, MacRae CA. Zebrafish genetic models for arrhythmia. Prog Biophys
Mol  Biol 2008;98:301–8.

27] Chi NC, Shaw RM,  Jungblut B, Huisken J, Ferrer T, Arnaout R, et al. Genetic and
physiologic dissection of the vertebrate cardiac conduction system. PLoS Biol
2008;6:e109.

28] Arnaout R, Ferrer T, Huisken J, Spitzer K, Stainier DY, Tristani-Firouzi M,  et al.
Zebrafish model for human long QT syndrome. Proc Natl Acad Sci U S A
2007;104:11316–21.

29] Lieschke GJ, Currie PD. Animal models of human disease: zebrafish swim into
view. Nat Rev Genet 2007;8:353–67.

30] Baker K, Warren KS, Yellen G, Fishman MC. Defective pacemaker current
(Ih)  in a zebrafish mutant with a slow heart rate. Proc Natl Acad Sci U S A
1997;94:4554–9.

31] Jou CJ, Spitzer KW,  Tristani-Firouzi M.  Blebbistatin effectively uncouples
the  excitation-contraction process in zebrafish embryonic heart. Cell Physiol
Biochem 2010;25(4-5):419–24.

32] Vassort G, Talavera K, Alvarez J. Role of T-type Ca2+ channels in the heart. Cell
Calcium 2006;40:205–20.

33] Zhang PC, Llach A, Sheng XY, Hove-Madsen L, Tibbits GF. Calcium handling
2011;300:R56–66.
34] Scholz EP, Niemer N, Hassel D, Zitron E, Bürgers HF, Bloehs R, et al. Biophys-

ical properties of zebrafish ether-à-go-go related gene potassium channels.
Biochem Biophys Res Commun 2009;381:159–64.

http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0005
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0005
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0005
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0005
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0005
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0005
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0005
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0005
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0005
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0005
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0005
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0005
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0005
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0005
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0005
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0005
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0005
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0005
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0005
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0005
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0005
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0005
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0005
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0005
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0005
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0005
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0005
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0005
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0005
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0005
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0005
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0010
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0010
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0010
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0010
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0010
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0010
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0010
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0010
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0010
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0010
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0010
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0010
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0010
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0010
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0010
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0010
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0010
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0010
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0010
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0010
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0010
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0010
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0010
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0010
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0010
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0010
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0010
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0010
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0010
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0010
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0010
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0010
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0015
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0015
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0015
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0015
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0015
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0015
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0015
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0015
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0015
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0015
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0015
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0015
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0015
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0015
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0020
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0020
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0020
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0020
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0020
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0020
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0020
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0020
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0020
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0020
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0020
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0020
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0020
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0020
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0020
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0020
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0020
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0020
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0020
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0020
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0020
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0020
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0020
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0020
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0020
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0020
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0020
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0020
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0020
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0020
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0020
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0020
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0020
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0020
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0020
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0020
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0020
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0025
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0025
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0025
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0025
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0025
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0025
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0025
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0025
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0025
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0025
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0025
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0025
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0025
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0025
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0025
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0025
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0025
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0025
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0025
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0025
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0030
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0030
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0030
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0030
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0030
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0030
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0030
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0030
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0030
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0030
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0030
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0030
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0030
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0030
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0030
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0030
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0030
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0030
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0030
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0030
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0030
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0030
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0030
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0030
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0030
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0030
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0030
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0030
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0030
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0030
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0035
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0035
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0035
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0035
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0035
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0035
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0035
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0035
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0035
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0035
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0035
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0035
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0035
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0035
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0035
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0035
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0035
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0035
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0035
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0035
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0035
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0035
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0035
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0035
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0035
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0035
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0035
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0035
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0040
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0040
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0040
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0040
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0040
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0040
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0040
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0040
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0040
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0040
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0040
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0040
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0040
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0040
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0040
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0040
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0040
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0040
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0040
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0040
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0040
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0040
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0040
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0040
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0045
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0045
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0045
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0045
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0045
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0045
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0045
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0045
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0045
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0045
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0045
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0045
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0045
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0045
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0045
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0045
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0045
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0045
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0045
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0045
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0045
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0045
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0045
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0045
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0045
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0045
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0045
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0045
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0045
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0045
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0045
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0045
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0045
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0050
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0050
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0050
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0050
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0050
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0050
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0050
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0050
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0050
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0050
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0050
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0050
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0050
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0050
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0050
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0050
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0050
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0050
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0050
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0050
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0050
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0050
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0050
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0050
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0050
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0050
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0050
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0050
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0050
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0050
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0050
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0050
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0055
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0055
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0055
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0055
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0055
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0055
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0055
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0055
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0055
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0055
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0055
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0055
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0055
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0055
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0055
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0055
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0055
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0055
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0055
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0055
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0055
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0055
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0055
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0055
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0055
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0055
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0055
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0055
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0055
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0055
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0055
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0060
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0060
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0060
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0060
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0060
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0060
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0060
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0060
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0060
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0060
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0060
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0060
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0060
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0060
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0060
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0060
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0060
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0060
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0060
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0060
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0060
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0060
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0060
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0060
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0060
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0060
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0060
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0060
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0060
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0060
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0065
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0065
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0065
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0065
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0065
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0065
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0065
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0065
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0065
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0065
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0065
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0065
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0065
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0065
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0065
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0065
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0065
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0065
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0065
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0065
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0065
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0065
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0065
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0065
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0065
http://www.ncbi.nlm.nih.gov/homologene
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0075
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0075
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0075
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0075
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0075
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0075
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0075
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0075
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0075
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0075
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0075
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0075
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0075
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0075
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0075
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0075
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0075
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0075
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0075
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0080
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0080
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0080
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0080
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0080
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0080
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0080
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0080
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0080
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0080
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0080
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0080
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0080
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0080
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0080
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0080
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0080
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0080
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0080
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0080
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0080
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0080
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0080
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0080
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0080
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0085
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0085
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0085
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0085
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0085
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0085
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0085
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0085
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0085
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0085
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0085
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0085
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0085
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0085
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0085
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0085
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0085
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0085
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0085
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0085
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0085
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0085
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0085
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0085
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0085
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0085
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0085
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0085
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0085
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0085
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0085
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0085
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0090
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0090
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0090
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0090
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0090
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0090
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0090
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0090
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0090
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0090
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0090
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0090
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0090
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0090
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0090
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0090
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0090
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0090
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0090
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0090
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0090
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0090
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0090
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0090
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0090
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0090
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0090
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0090
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0090
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0095
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0095
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0095
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0095
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0095
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0095
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0095
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0095
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0095
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0095
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0095
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0095
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0095
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0095
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0095
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0095
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0095
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0095
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0095
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0095
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0095
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0095
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0095
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0095
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0095
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0095
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0095
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0095
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0095
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0095
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0095
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0100
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0100
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0100
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0100
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0100
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0100
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0100
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0100
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0100
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0100
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0100
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0100
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0100
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0100
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0100
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0100
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0100
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0100
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0100
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0100
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0100
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0100
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0100
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0100
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0100
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0100
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0100
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0100
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0105
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0105
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0105
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0105
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0105
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0105
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0105
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0105
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0105
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0105
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0105
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0105
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0105
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0105
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0105
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0105
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0105
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0105
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0105
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0105
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0105
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0105
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0105
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0105
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0105
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0105
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0105
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0105
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0105
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0105
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0105
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0105
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0105
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0110
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0110
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0110
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0110
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0110
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0110
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0110
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0110
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0110
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0110
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0110
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0110
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0110
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0110
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0110
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0110
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0110
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0110
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0110
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0110
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0110
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0110
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0110
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0110
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0115
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0115
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0115
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0115
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0115
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0115
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0115
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0115
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0115
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0115
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0115
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0115
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0115
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0115
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0115
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0115
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0115
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0115
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0115
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0115
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0115
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0115
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0115
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0115
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0115
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0120
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0120
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0120
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0120
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0120
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0120
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0120
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0120
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0120
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0120
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0120
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0120
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0120
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0120
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0120
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0120
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0120
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0120
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0120
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0120
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0120
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0120
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0120
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0120
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0120
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0125
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0125
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0125
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0125
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0125
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0125
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0125
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0125
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0125
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0125
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0125
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0125
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0125
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0125
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0125
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0125
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0125
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0125
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0125
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0125
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0125
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0125
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0125
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0125
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0125
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0125
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0125
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0125
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0125
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0125
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0125
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0125
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0125
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0125
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0125
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0125
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0125
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0125
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0125
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0125
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0125
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0130
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0130
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0130
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0130
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0130
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0130
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0130
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0130
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0130
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0130
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0130
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0130
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0130
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0130
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0130
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0130
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0135
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0135
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0135
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0135
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0135
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0135
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0135
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0135
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0135
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0135
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0135
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0135
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0135
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0135
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0135
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0135
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0135
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0135
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0135
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0135
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0135
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0135
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0135
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0135
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0135
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0135
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0135
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0140
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0140
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0140
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0140
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0140
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0140
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0140
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0140
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0140
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0140
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0140
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0140
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0140
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0140
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0140
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0140
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0140
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0140
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0140
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0140
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0140
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0140
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0140
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0140
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0140
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0140
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0140
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0140
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0140
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0140
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0140
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0145
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0145
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0145
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0145
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0145
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0145
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0145
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0145
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0145
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0145
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0145
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0145
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0145
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0145
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0145
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0145
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0145
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0145
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0145
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0150
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0150
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0150
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0150
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0150
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0150
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0150
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0150
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0150
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0150
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0150
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0150
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0150
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0150
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0150
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0150
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0150
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0150
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0150
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0150
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0150
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0150
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0150
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0150
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0150
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0150
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0150
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0150
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0150
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0150
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0150
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0155
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0155
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0155
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0155
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0155
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0155
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0155
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0155
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0155
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0155
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0155
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0155
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0155
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0155
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0155
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0155
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0155
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0155
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0155
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0155
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0155
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0155
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0160
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0160
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0160
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0160
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0160
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0160
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0160
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0160
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0160
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0160
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0160
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0160
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0160
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0160
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0160
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0160
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0160
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0160
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0160
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0165
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0165
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0165
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0165
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0165
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0165
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0165
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0165
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0165
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0165
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0165
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0165
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0165
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0165
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0165
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0165
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0165
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0165
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0165
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0165
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0165
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0165
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0165
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0165
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0165
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0165
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0170
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0170
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0170
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0170
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0170
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0170
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0170
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0170
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0170
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0170
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0170
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0170
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0170
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0170
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0170
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0170
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0170
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0170
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0170
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0170
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0170
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0170
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0170
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0170
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0170
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0170
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0170
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0170
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0170
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0170
http://refhub.elsevier.com/S1043-6618(14)00043-7/sbref0170

	Ionic channels underlying the ventricular action potential in zebrafish embryo
	1 Introduction
	2 Methods
	2.1 Isolation of embryonic hearts
	2.2 Action potential recording
	2.3 Data analysis
	2.4 Immunofluorescence

	3 Results
	3.1 Ventricular action potential (AP) characteristics
	3.2 Pharmacological dissection of ionic channels
	3.3 Ion channel forming proteins present in the zebrafish embryonic heart

	4 Discussion
	Funding
	Potential conflicts of interest
	References


