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Bax  Inhibitor-1  (BI-1)  is an evolutionarily  conserved  six-transmembrane  domain  endoplasmic  reticulum
(ER)-localized  protein  that  protects  against  ER  stress-induced  apoptotic  cell death.  This  function  is  closely
connected  to  its  ability  to  lower  steady-state  ER  Ca2+ levels.  Recently,  we  elucidated  BI-1’s  Ca2+-channel
pore  in  the  C-terminal  part  of  the protein  and  identified  the  critical  amino  acids  of  its pore.  Based  on  these
insights,  a Ca2+-channel  pore-dead  mutant  BI-1  (BI-1D213R) was  developed.  We  determined  whether  BI-1
behaves as  a  bona  fide  H+/Ca2+ antiporter  or  as an  ER  Ca2+-leak  channel  by  investigating  the  effect  of pH
on unidirectional  Ca2+-efflux  rates.  At pH  6.8,  wild-type  BI-1  expression  in  BI-1−/− cells  increased  the  ER
Ca2+-leak  rate, correlating  with  its localization  in the  ER  compartment.  In  contrast,  BI-1D231R expression

−/− 2+

ndoplasmic reticulum
cidification

in  BI-1 , despite  its  ER  localization,  did  not  increase  the  ER  Ca -leak  rate. However,  at  pH  <  6.8,  the
BI-1-mediated  ER  Ca2+ leak  was  blocked.  Finally,  a  peptide  representing  the  Ca2+-channel  pore  of  BI-1
promoting  Ca2+ flux  from  the  ER  was  used.  Lowering  the  pH  from  6.8  to  6.0  completely  abolished  the
ability  of  the  BI-1  peptide  to mediate  Ca2+ flux  from  the  ER.  We  propose  that  this  pH dependence  is
due  to  two  aspartic  acid  residues  critical  for  the  function  of  the  Ca2+-channel  pore  and  located  in the  ER
membrane-dipping  domain,  which  facilitates  the  protonation  of  these  residues.
. Introduction

Intracellular Ca2+ signals originating from the endoplasmic
eticulum (ER) critically control cell-fate decisions [1,2]. In particu-
ar, a lowering of the ER Ca2+-store content has been implicated as

 protective cellular mechanism against apoptosis [3,4]. Recently,
 family of transmembrane Bax Inhibitor-1 (BI-1)-containing
otif proteins (TMBIM) emerged as conserved and ancient cell-

eath suppressors by affecting ER-Ca2+ homeostasis and dynamics
5–13].

BI-1, the founding member of this protein family, protects
gainst ER stress-induced apoptosis [5,14] and the underly-
ng molecular mechanisms have been explored in more detail
6,15–17]. BI-1 contains a pH-sensing domain in its last 9 amino

cids [6]. However, this domain also serves other functions [18].
onsistent with the presence of this pH-sensing domain, BI-

 was proposed to function as a H+/Ca2+ antiporter, in which

∗ Corresponding author. Tel.: +32 16 330215.
E-mail address: geert.bultynck@med.kuleuven.be (G. Bultynck).
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© 2013 Elsevier Ltd. All rights reserved.

extraluminal protons are exchanged for intraluminal Ca2+ ions [19].
As a result, a reduction in pH was found to increase BI-1-mediated
lowering of the ER Ca2+ content. This process was further influenced
by cardiolipin, phosphatidylserine, the BH4 domain of Bcl-2 and
chemotherapeutic drugs [20,21]. Recently, we described that the
C-terminal domain of BI-1 contains a Ca2+-permeable channel pore
that permeates Ca2+ through ER membranes and interacts with IP3R
channels to sensitize them to low levels of IP3 [10]. Both mecha-
nisms contribute to BI-1’s ability to lower the steady-state ER Ca2+

levels and to preserve mitochondrial bio-energetics and survival
processes like autophagy [8]. However, other reports showed that
BI-1 negatively regulates autophagy [22] similarly to anti-apoptotic
Bcl-2 family members [23,24]. Importantly, the domain harboring
the BI-1 Ca2+-channel pore (a.a. 198–217) is located upstream of
a proposed pH-sensing domain and dips into the ER membrane
[9]. This structure is supported by a recent study of Smith and co-
workers, who came to the same conclusion that the topology of

BI-1 fits a six-transmembrane domain protein with a C-terminal
loop domain [12]. We identified the negatively charged residues
that are critical for BI-1’s potency to lower the ER Ca2+-store con-
tent [9]. Mutating one Asp residue in full-length BI-1 (BI-1D213R) is

dx.doi.org/10.1016/j.ceca.2013.06.002
http://www.sciencedirect.com/science/journal/01434160
http://www.elsevier.com/locate/ceca
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ceca.2013.06.002&domain=pdf
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ufficient to prevent this action of BI-1, indicating a critical role for
egatively charged residues in the membrane–dipping part of the
-terminus to permeate Ca2+.

In our present study, we further explored the Ca2+-flux prop-
rties of BI-1 in native ER membranes in response to changes in
H. We  discovered that the BI-1 dependent Ca2+ leak from the ER is
educed by acidic pH, indicating a pore mechanism that is regulated
uring cytosolic acidosis.

. Materials and methods

.1. Generation of BI-1-deficient MEF  cells expressing empty
ector, wild-type BI-1 and BI-1D213R

These cell lines were described previously [10]. In short, BI-1−/−

EF  cells were used for the stable and ectopic expression of empty
ector (RFP only), wild-type human BI-1 or human BI-1D213R with

 bicistronic N-terminal RFP-IRES sequence. The RFP was  used as a
robe to select and enrich transfected cells expressing these vec-
ors using fluorescence-activated cell sorting. These cells therefore
xpress BI-1 or BI-1D213R as untagged proteins in a BI-1-deficient
ackground.

.2. Constructs

The pcDNA3-BI-1 construct was prepared by ligation of an

Cherry into the C-terminus of a human BI-1. BI-1D213R-mCherry
as then created from the wild-type BI-1 by site-directed mutagen-

sis (Stratagene). Constructs used for labeling specific organelles:
ameleon-D1ER (a kind gift of Dr. Roger Tsien, UCSD, San Diego),

ig. 1. Validation of the BI-1−/− MEF  cells overexpressing empty vector (mock), wild-type 

mpty  vector (mock), wild-type BI-1 (wt BI-1) or BI-1D213R. (B) Assessment of the survival
resence of different [thapsigargin]. Cell death was quantitated by the cell-titer blue ass
on-muscle myosin IIA with mean ±SD of 3 independent experiments.
m 54 (2013) 186– 192 187

pECFP-LAMP1 (a kind gift of Dr. Haoxing Xu, University of Michi-
gan, Ann Arbor) and GFP-LC3 (a kind gift of Dr. J. Debnath, UCSF,
San Fransisco).

2.3. Western blot

Five million MEF  cells were lysed in RIPA buffer and 30 �g of
total protein was  loaded on Tris-Acetate gels (Invitrogen) in the
presence of urea sample buffer [9]. The proteins were transferred
on a PVDF membrane and blotted for IP3R1 [25], IP3R3 (BD Bio-
sciences), SERCA2b [26] or non-muscle myosin IIA (Abcam) for
loading control. Images were acquired with Bio-Rad Chemidoc MP
and the quantity of each protein quantified with Image Lab soft-
ware.

2.4. Confocal imaging

Hela cells were seeded on borosilicate chamber slides and
cotransfected with 0.25 �g DNA for pcDNA3 (mock), wtBI-1 or BI-
1D213R and organelle marker constructs using Fugene 6 (Promega).
The next day, confocal images of the cells were acquired with the
Zeiss LSM510 confocal microscope and a 63×/1.4NA oil immersion
objective.

2.5. Verification of human BI-1 or BI-1D213R expression in BI-1−/−

MEF cells
RNA was  isolated from the cells using Trizol RNA isolation
kit (Invitrogen), followed by cDNA synthesis (Applied Biosys-
tems). For detecting mRNA expression in the samples, PCR was

BI-1 (wt  BI-1) or BI-1D213R. (A) RT-PCR validation of BI-1−/− MEF cells overexpressing
 of empty vector (mock), wt BI-1- and BI-1D213R-expressing BI-1−/− MEF  cells in the
ay. (C) Protein levels of IP3R1, IP3R3 and SERCA2b in BI-1 MEF  cells normalized to
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Fig. 2. Overexpression of BI-1, but not BI-1D213R, enhances the Ca2+-leak from the ER of BI-1−/− MEF  cells at pH 6.8, but not below pH 6.2. After loading the ER Ca2+ stores to
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teady-state levels with 45Ca2+ at pH 6.8, unidirectional 45Ca2+ leak was triggered b
H  6.8 (A), pH 6.2 (B), pH 5.8 (C) or pH 5.2 (D). The data were plotted as the 45Ca2+-
hown.

erformed using primers specific for wild-type human BI-1 mRNA
5′-ATTAGCAATGATCTTTACCTGCTTCA-3′ and 5′-ATTAGAGTTTT-
T GAAGACAGTAATGAAATC-3′), human BI-1D213R mRNA (5′-ATTA-
CAATGATCTTTACCTGCTTCA-3′ and 5′-ATTATTCTGAAGACA-
TAATGAACCG-3′), or both wild-type human BI-1 and BI-
D213R mRNAs (5′-ATTAGCAATGATCTTTACCTGCTTCA-3′ and
′-ATTACATGGCCAGGATCATCATG-3′). Endogenous mouse BI-1
RNA (5′-AAGGCCAGGATGAACATGAG-3′ and 5′-GACCGAGCAA-
AGAGACTGG-3′) and beta-actin mRNA (5′-TACCACCATGTA-
CCAGGCA-3′ and 5′-CTCAGGAGGAGCAATGATCTTGAT-3′) were
lso assayed. The amplicons were detected in a 2% agarose/Tris-
cetate-EDTA (TAE) gel.

.6. Cell-death assays

Cell-death assays were performed exactly as described before
10]. In short, cell death was determined using Sytox green (Invitro-
en) in the presence of different thapsigargin concentrations. After
ncubation with thapsigargin for 48 h, the cells were analyzed by
igh-content imaging using a BD Pathway 855 microscope. Data
ere obtained from 4 independent experiments using 3 replicates
er experiment. The data were normalized to the untreated cells,
hich were set as 100%. The corresponding values were repre-

ented as mean ± S.E.M. and * indicates p < 0.05.

.7. 45Ca2+-flux assays
45Ca2+-flux assays were performed in plasma membrane-
ermeabilized MEF  cells grown for 6 days to confluent monolayers

n gelatin-coated 12-well plates. Only cell layers grown to nearly
he same density were analyzed for their ER Ca2+-leak rate. The
hing the cells in a Ca2+-free efflux medium in the presence of 2 �M thapsigargin at
 content as a function of time. The mean ±SEM of 3–5 independent experiments is

assays were performed as previously described [25,27], except that
different buffers were used for proper pH control in the efflux
medium (imidazole for pH 6.8 and 6.2; MES  for pH 5.8 and acetate
for pH 5.2). In the experiments in which a peptide corresponding
to the C-terminal Ca2+-channel pore of BI-1 was used, the peptide
(CTP1) was added acutely at a concentration of 40 �M,  well above
the EC50 for provoking a Ca2+ flux (32 �M,  [9]). Purity (>80%) was
verified by mass spectrometry (ThermoFisher, Germany).

3. Results

3.1. BI-1, but not BI-1D213R, overexpression in BI-1−/− MEFs leads
to increased ER Ca2+ leak and protection against apoptosis

To obtain a suitable model system to study the Ca2+-leak prop-
erties of BI-1, we reconstituted BI-1−/− MEFs with empty vector,
wild-type BI-1 or BI–1D213R. The lack of mouse BI-1 expression and
re-expression of either human wild-type BI-1 or human BI-1D213R

was  confirmed using RT-PCR (Fig. 1A). In addition, we  validated that
BI-1 overexpression protects against thapsigargin-induced apo-
ptosis. Elaborating our previous findings [10], we found that BI-1
overexpression in BI-1−/− MEFs enhanced cell survival upon pro-
longed exposure to a range of [thapsigargin], while this was not the
case for the cells overexpressing BI-1D213R (Fig. 1B).

To exclude that BI-1 indirectly accelerates the ER Ca2+-leak rate
by altering the expression level of other ER-Ca2+-transport mech-

anisms, we  assessed the protein levels of IP3R1, IP3R3 and the
sarco/endoplasmic-reticulum Ca2+ ATPase SERCA2b, the predomi-
nant isoform in MEF  cells using a quantitative immunoblot analysis.
This demonstrated that the expression of IP3Rs and SERCA2b was
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Fig. 3. BI-1 predominantly localizes to the ER. Wild-type (wt) BI-1 or BI-1D213R-
mCherry constructs were co-expressed for 24 h together with markers for ER
S. Kiviluoto et al. / Cell

imilar in all cell lines used in this study and is therefore not
nvolved in the observed Ca2+ leak (Fig. 1C).

We then compared the Ca2+-leak rate from the ER of these
ells using unidirectional 45Ca2+-flux assays in permeabilized cells
Fig. 2A). This approach allows a very accurate analysis of the Ca2+-
eak rate of the ER in the absence of ER Ca2+ uptake by SERCAs,

itochondrial Ca2+ fluxes and plasma-membrane Ca2+ fluxes. We
lso chose to overexpress human BI-1 in a BI-1-knockout back-
round to avoid confounding Ca2+ fluxes through endogenous BI-1.
hus, this system provided a unique manner to study Ca2+-flux
roperties of ectopic BI-1.

Direct comparison of the unidirectional Ca2+ leak from the ER
as assayed for vector-, BI-1 and BI-1D213R-expressing BI-1−/− MEF

ells at pH 6.8, which resembles the physiological intracellular pH
28] (Fig. 2A). Overexpression of BI-1 enhanced the unidirectional
R Ca2+-leak rate in comparison to empty vector-expressing cells.
verexpression of BI-1D213R did not stimulate the unidirectional ER
a2+-leak rate and did not protect against cell death triggered by
R Ca2+-store depletion using thapsigargin [9], suggesting that the
wo observations are correlated.

Collectively, these data indicate that BI-1 promotes ER Ca2+ leak
y functioning as an ER Ca2+-leak channel, which is critical for its
nti-apoptotic function.

.2. Lowering the pH decreases the BI-1-mediated Ca2+ leak from
he ER

To assess whether the Ca2+-flux property of BI-1 changes with
H, we lowered the pH of the efflux medium and compared the
I-1-dependent ER Ca2+ leak in the BI-1−/− MEF  cells expressing
ither empty vector, wild-type BI-1 or BI-1D213R (Fig. 2A–D). Inter-
stingly, the ER Ca2+ leak specifically mediated by wild-type BI-1
as decreased by lowering the pH of the efflux medium. Strikingly,
hile at pH 6.8 wild-type BI-1, but not BI-1D213R, expression sig-
ificantly enhanced Ca2+ leak from the ER (Fig. 2A), there were
o significant differences between the three cell lines at pH 6.2
Fig. 2B). Similar findings were observed at pH 5.8 and pH 5.2
Fig. 2C and D). However, the Ca2+ flux from the ER was increased
n BI-1−/− MEF  cells by cytosolic acidosis, indicating the presence
f a BI-1-independent Ca2+-leak pathway that is enhanced at low
H.

Previous reports have shown that BI-1 is able to act as a stimu-
ator of V-ATPase, suggesting that BI-1 is expressed at lysosomal

embranes. To investigate the subcellular localization of BI-1 fur-
her, we tested seven commercially available antibodies (shown in

 supplemental figure) and two custom-made antisera (not shown)
or their ability to stain over-expressed and native BI-1 using
mmunoblots and immunohistochemistry. In our hands, none of
hese antibodies were able to recognize BI-1. We  therefore chose to
lone a mCherry-BI1 expression vector and to cotransfect Hela cells
ith fluorescently tagged markers for ER (D1ER), autophagosomes

GFP-LC3) and lysosomes (GFP-LAMP1) and mCherry-BI-1. The next
ay, expression patterns of the proteins were imaged using confo-
al microscopy. Results show that BI-1 was abundantly coexpressed
ith D1ER, a marker for ER, but not with GFP-LC3 (autophago-

omes) or GFP-LAMP (lysosomes) (Fig. 3). Together, this indicates
hat the effect of pH on BI-1 dependent Ca2+ leak is exclusively from
I-1 localized at the ER.

.3. Ca2+ flux through the BI-1 Ca2+-channel pore decreases by
owering the pH
We  recently identified a 20-amino acid peptide corresponding
o residues 198–217 of human BI-1 (CTP1) as being responsible and
ufficient to cause ER Ca2+ release, indicating that the C-terminus
f BI-1 harbors the Ca2+-channel pore [9]. Adding this peptide to ER
(Cameleon-D1ER), lysosomes (LAMP1-CFP) or autophagosomes (GFP-LC3). Repre-
sentative confocal images demonstrate that both wtBI-1 and BI-1D213R localize to
the  ER.

membranes causes a direct release of Ca2+ [9]. We  therefore aimed
to examine whether the Ca2+ flux mediated by the Ca2+-channel
pore domain of BI-1 is directly affected by pH (Fig. 4A and B). Inter-
estingly, we  found that lowering the pH below 6.8 decreased the
Ca2+ flux through the isolated Ca2+-channel pore of BI-1. At pH
6.0, Ca2+ flux through the BI-1 Ca2+-channel pore was  completely
blocked (Fig. 4B). In addition, we observed a decreased Ca2+-flux
in alkaline conditions, suggesting that the CTP1 peptide function is
optimal in physiological steady-state pH (Fig. 4C and D). These data

correlate with the results obtained using full-length BI-1, which
show that lowering pH from 6.8 to a value around pH 6.0 blocks
the difference between ER Ca2+ leak mediated by wild-type BI-1
and BI-1D213R (Fig. 2A and B).
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Fig. 4. A peptide corresponding to BI-1’s Ca2+-channel pore is less efficient to provoke ER Ca2+-release at pH values lower than 6.8. (A–C) ER Ca2+ release provoked by 40 �M
of  a peptide corresponding to the C-terminal Ca2+-channel pore of BI-1 (a.a. 198–217; CTP1) at different pH. The data were plotted as fractional loss, which is the amount of
C 2+ 2318 45 2+
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. Discussion

The findings of this study indicate that (i) ectopic BI-1 expression
nhances Ca2+ flux from the ER into the cytosol at pH 6.8, (ii) Ca2+

ux through the full-length BI-1 channel or through the isolated
a2+-channel pore of BI-1 is efficient at the physiological pH of 6.8
nd decreases by mild cytosolic acidosis. Finally, (iii) the Ca2+ flux
rom the ER is increased in BI-1−/− MEF  cells by cytosolic acidosis,
ndicating the presence of a BI-1-independent Ca2+-leak pathway
hat is enhanced at low pH, predominantly at pH values below 6.0.

The dynamics of intracellular Ca2+ during steady-state and cel-
ular stress are finely tuned. During unstressed conditions, BI-1
egulates the slow release of ER-Ca2+ and promotes cell survival
y lowering steady-state Ca2+ levels via its pore domain [9] and
y sensitizing IP3Rs [10]. Conversely, strong and prolonged ER
a2+ efflux results in ER stress and cell death, a condition asso-
iated with many pathological conditions [29,30]. In the case of
I-1, it is specifically the Ca2+ pore property of BI-1 which is able
o prevent mitochondrial Ca2+-overload and cell death (Fig. 1B
nd [10]). In pathological conditions such as ischemia-reperfusion
njury, intracellular acidification can lead to increased ER-Ca2+ leak
nd subsequent induction of ER stress response [29,31]. Cells then

espond by blocking ER-Ca2+ leak via BI-1 to maintain the oxida-
ion state of the ER and to avoid potentially damaging, excessive
a2+-release to the cytosol. Results presented here follow the same
easoning as for chaperone GRP78, which blocks Ca2+-leak through
7 (10 �M)  was  used to estimate the total amount of releasable Ca from the ER.
 obtained from duplicate replicates is shown as mean ±SD. D, CTP1-mediated Ca2+

e graph represents the mean values ±SEM of 3 independent experiments.

the translocon complex, another leak pathway of the ER [32,33].
Similarly, during the early phase of ER stress, GRP78 is displaced by
ERp44 to reduce IP3-induced Ca2+ release by IP3R1s [30,34,35].

Previous reports have shown that cytosolic acidification
increases a BI-1 mediated Ca2+ leak, presumably due to increased
oligomerization of BI-1 [6,20]. We  do not exclude that the pH may
also affect other properties of BI-1, such as oligomerization, which
has been observed under conditions of long exposure to low pH [6].
Yet, it is important to note that a recent report showed that Ca2+

flux through viral Golgi anti–apoptotic protein (vGAAP), another
BI-1-family member, was independent of its oligomerization state
[13]. Although we could not detect BI-1 expression outside the ER
(Fig. 3), we  do acknowledge the possibility of BI-1 expression in
lysosomes and the Golgi apparatus where it can elicit other func-
tions unrelated to the CTP1 domain of BI-1. Furthermore, we also
observed an increased Ca2+-leak from the ER in acid conditions,
but this leak was independent of BI-1, suggesting that there are
other pH-dependent elements of the ER membrane that increase
its permeability to Ca2+.

In the present study, we  opted to assay the Ca2+ release prop-
erty of BI-1 in a null background (BI-1−/−), comparing untagged,
reconstituted, full-length wild-type BI-1 or BI-1D213R mutant. Given

that the C-terminus of BI-1 acts as a hot spot for many interacting
proteins [17,18,36] and harbors the proposed pH sensor [6], our
approach allowed us to isolate and study the function of the Ca2+

pore domain of the native BI–1 protein in detail. Finally, our assay
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Fig. 5. A schematic model of BI-1, showing the 6 transmembrane regions and the
C-terminal ER-membrane-dipping domain forming the Ca2+-channel pore. (A) The
aspartic acid residues (Asp202, Asp209 and Asp213) involved in establishing the
Ca2+-channel pore are indicated. We  propose a Ca2+-recruiting function for Asp202
(*) at the mouth of the pore. Asp209 and Asp213 (**) are presumably part of the Ca2+-
channel pore, where they might be highly susceptible to alterations in pH, allowing
their protonation and the loss of negatively charged side chains, which are essen-
tial  for Ca2+ flux through the pore. For clarity reasons, the one-letter amino-acid
code was used in the figure. (B) At pH 6.8, the acidic side chains of the aspartic-
acid residues in the Ca2+-channel pore of BI-1 are negatively charged, allowing the
ligation and permeation of Ca2+. At pH 6.0, the acidic side chains of the aspartic
acid residues of the Ca2+-channel pore of BI-1 present in the ER membrane-dipping
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omain will become protonated, which might prevent proper binding and perme-
tion of Ca2+.

s designed to measure acute effect of pH (0–20 min  after acidifica-
ion) specifically in intact ER of permeabilized cells, whereas other
tudies have focused on pH-dependent effects 30 min  after altering
H in microsomal preparations or proteoliposomes [6,19,20].

We propose a model where BI-1 elicits ER-Ca2+-leak which is
cutely blocked by a decrease in cytosolic pH. This causes the pro-
onation of Asp209 and Asp213 in the membrane-dipping part of
he Ca2+ pore channel of BI-1 (Fig. 5). The most likely reason for
his is that the dielectric constant for Asp209 and Asp213 is con-
iderably smaller than that for the two Asp residues present in the
ytosolic aqueous part of the protein (Asp200 and Asp202). As a
onsequence, the weakly acidic carboxylate groups in the Asp side
hain will be more easily protonated in the lipid environment. Rel-
tively mild cytosolic acidosis (pH 6.2) is able to decrease the Ca2+

leak properties of BI-1, suggesting that protonation of Asp209
nd Asp213 in the membrane fraction of the pore is sufficient
o block Ca2+permeation. This is in line with findings described
or the pH-dependence of L-type voltage-operated Ca2+ channels
37].

To conclude, we have shown that the effect of BI-1 as a regulator
f ER Ca2+ homeostasis is regulated by intracellular pH by removing

egative charges in the proposed Ca2+-channel pore essential for
a2+ flux. The relevance of the pH-dependent shutdown of BI-1-
ediated Ca2+ flux for the regulation of cellular stress responses

ught to be further scrutinized.
[

m 54 (2013) 186– 192 191

Conflict of interest

The authors declare no conflict of interest.

Acknowledgements

This work was  supported by the Deutsche Forschungsge-
meinschaft Grant ME1922/9-1 and the Forschungskommission
of the Heinrich Heine University Dusseldorf (to A.M.), by
Research Foundation-Flanders (F.W.O.) grants G.0604.07N (to
H.D.S.), G.0788.11N (to G.B.), and G.0724.09 (to L.M.), by the
Research Council of the KU Leuven via the Concerted Actions
program (GOA/09/012), an OT START1 grant (STRT1/10/044) and
grant BIL/LA/10/09 for bilateral actions with Latin-America. We
also received support from FONDECYT no. 1100176, Millennium
Institute no. P09-015-F and Ring Initiative ACT1109 (to C.H.) and
FONDECYT 3130365 (D.R.R.). The authors thank Dr. John C. Reed
(Sanford-Burnham Medical Research Institute, La Jolla, CA) for pro-
viding the BI-1−/− mice. The funding agencies were not involved in
any aspect of the research.

Appendix A. Supplementary data

Supplementary material related to this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.ceca.2013.06.002.

References

[1] J.P. Decuypere, G. Monaco, G. Bultynck, L. Missiaen, H. De Smedt, J.B. Parys, The
IP3 receptor-mitochondria connection in apoptosis and autophagy, Biochimica
et Biophysica Acta – Molecular Cell Research 1813 (2011) 1003–1013.

[2] H. Akl, G. Bultynck, Altered Ca2+ signaling in cancer cells: proto-oncogenes and
tumor suppressors targeting IP3 receptors, Biochimica et Biophysica Acta –
Reviews on Cancer 1835 (2013) 180–193.

[3] R. Rizzuto, P. Pinton, D. Ferrari, M.  Chami, G. Szabadkai, P.J. Magalhaes, F. Di
Virgilio, T. Pozzan, Calcium and apoptosis: facts and hypotheses, Oncogene 22
(2003) 8619–8627.

[4] E. Sammels, J.B. Parys, L. Missiaen, H. De Smedt, G. Bultynck, Intracellular Ca2+

storage in health and disease: a dynamic equilibrium, Cell Calcium 47 (2010)
297–314.

[5] H.J. Chae, H.R. Kim, C. Xu, B. Bailly-Maitre, M.  Krajewska, S. Krajewski, S. Banares,
J.  Cui, M.  Digicaylioglu, N. Ke, S. Kitada, E. Monosov, M.  Thomas, C.L. Kress,
J.R.  Babendure, R.Y. Tsien, S.A. Lipton, J.C. Reed, BI-1 regulates an apoptosis
pathway linked to endoplasmic reticulum stress, Molecular Cell 15 (2004)
355–366.

[6] H.R. Kim, G.H. Lee, K.C. Ha, T. Ahn, J.Y. Moon, B.J. Lee, S.G. Cho, S. Kim, Y.R. Seo,
Y.J.  Shin, S.W. Chae, J.C. Reed, H.J. Chae, Bax Inhibitor-1 Is a pH-dependent regu-
lator of Ca2+ channel activity in the endoplasmic reticulum, Journal of Chemical
Biology 283 (2008) 15946–15955.

[7] F. de Mattia, C. Gubser, M.M.  van Dommelen, H.J. Visch, F. Distelmaier, A.
Postigo, T. Luyten, J.B. Parys, H. de Smedt, G.L. Smith, P.H. Willems, F.J. van
Kuppeveld, Human Golgi antiapoptotic protein modulates intracellular calcium
fluxes, Molecular Biology of the Cell 20 (2009) 3638–3645.

[8] R. Sano, Y.C. Hou, M.  Hedvat, R.G. Correa, C.W. Shu, M.  Krajewska, P.W. Diaz,
C.M. Tamble, G. Quarato, R.A. Gottlieb, M.  Yamaguchi, V. Nizet, R. Dahl, D.D.
Thomas, S.W. Tait, D.R. Green, P.B. Fisher, S. Matsuzawa, J.C. Reed, Endoplas-
mic  reticulum protein BI-1 regulates Ca2+-mediated bioenergetics to promote
autophagy, Genes and Development 26 (2012) 1041–1054.

[9] G. Bultynck, S. Kiviluoto, N. Henke, H. Ivanova, L. Schneider, V.  Rybalchenko, T.
Luyten, K. Nuyts, W.  De Borggraeve, I. Bezprozvanny, J.B. Parys, H. De Smedt, L.
Missiaen, A. Methner, The C terminus of Bax inhibitor-1 forms a Ca2+-permeable
channel pore, Journal of Biological Chemistry 287 (2012) 2544–2557.

10] S. Kiviluoto, L. Schneider, T. Luyten, T. Vervliet, L. Missiaen, H. De Smedt,
J.B. Parys, A. Methner, G. Bultynck, Bax Inhibitor-1 is a novel IP3 receptor-
interacting and -sensitizing protein, Cell Death and Disease 3 (2012) e367.

11] D. Rojas-Rivera, R. Armisen, A. Colombo, G. Martinez, A.L. Eguiguren, A. Diaz,
S.  Kiviluoto, D. Rodriguez, M.  Patron, R. Rizzuto, G. Bultynck, M.L. Concha,
J.  Sierralta, A. Stutzin, C. Hetz, TMBIM3/GRINA is a novel unfolded protein
response (UPR) target gene that controls apoptosis through the modula-
tion of ER calcium homeostasis, Cell Death and Differentiation 19 (2012)
1013–1026.

12] G. Carrara, N. Saraiva, C. Gubser, B.F. Johnson, G.L. Smith, Six-transmembrane

topology for golgi anti-apoptotic protein (GAAP) and bax inhibitor 1 (BI-1) pro-
vides model for the transmembrane bax inhibitor-containing motif (TMBIM)
family, Journal of Biological Chemistry 287 (2012) 15896–15905.

13] N. Saraiva, D.L. Prole, G. Carrara, C. Maluquer de Motes, B.F. Johnson, B. Byrne,
C.W. Taylor, G.L. Smith, Human and viral golgi anti-apoptotic protein (GAAP)

http://dx.doi.org/10.1016/j.ceca.2013.06.002
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0005
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0005
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0005
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0005
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0005
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0005
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0005
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0005
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0005
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0005
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0005
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0005
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0005
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0005
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0005
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0005
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0005
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0005
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0005
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0005
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0005
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0005
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0005
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0005
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0005
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0005
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0005
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0005
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0005
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0005
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0005
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0005
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0005
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0005
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0005
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0010
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0010
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0010
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0010
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0010
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0010
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0010
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0010
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0010
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0010
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0010
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0010
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0010
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0010
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0010
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0010
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0010
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0010
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0010
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0010
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0010
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0010
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0010
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0010
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0010
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0010
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0010
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0010
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0010
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0010
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0010
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0010
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0015
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0015
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0015
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0015
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0015
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0015
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0015
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0015
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0015
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0015
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0015
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0015
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0015
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0015
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0015
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0015
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0015
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0015
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0015
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0015
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0015
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0015
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0015
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0015
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0015
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0015
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0015
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0015
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0015
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0020
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0020
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0020
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0020
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0020
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0020
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0020
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0020
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0020
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0020
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0020
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0020
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0020
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0020
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0020
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0020
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0020
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0020
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0020
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0020
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0020
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0020
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0020
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0020
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0020
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0020
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0020
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0020
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0020
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0025
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0025
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0025
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0025
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0025
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0025
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0025
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0025
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0025
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0025
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0025
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0025
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0025
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0025
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0025
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0025
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0025
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0025
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0025
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0025
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0025
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0025
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0025
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0025
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0025
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0025
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0025
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0025
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0025
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0025
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0025
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0025
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0025
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0025
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0025
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0025
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0025
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0025
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0025
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0025
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0025
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0025
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0025
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0025
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0025
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0025
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0025
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0025
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0025
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0025
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0025
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0025
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0025
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0030
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0030
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0030
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0030
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0030
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0030
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0030
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0030
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0030
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0030
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0030
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0030
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0030
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0030
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0030
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0030
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0030
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0030
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0030
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0030
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0030
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0030
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0030
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0030
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0030
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0030
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0030
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0030
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0030
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0030
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0030
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0030
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0030
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0030
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0030
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0030
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0030
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0030
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0030
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0030
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0030
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0030
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0030
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0030
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0030
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0030
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0030
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0030
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0030
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0030
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0030
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0035
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0035
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0035
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0035
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0035
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0035
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0035
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0035
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0035
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0035
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0035
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0035
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0035
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0035
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0035
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0035
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0035
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0035
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0035
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0035
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0035
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0035
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0035
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0035
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0035
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0035
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0035
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0035
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0035
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0035
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0035
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0035
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0035
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0035
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0035
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0035
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0035
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0035
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0035
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0035
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0035
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0035
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0035
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0035
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0035
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0035
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0040
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0040
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0040
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0040
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0040
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0040
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0040
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0040
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0040
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0040
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0040
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0040
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0040
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0040
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0040
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0040
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0040
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0040
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0040
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0040
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0040
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0040
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0040
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0040
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0040
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0040
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0040
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0040
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0040
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0040
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0040
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0040
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0040
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0040
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0040
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0040
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0040
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0040
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0040
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0040
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0040
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0040
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0040
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0040
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0040
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0040
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0040
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0040
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0040
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0040
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0040
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0040
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0040
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0040
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0040
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0040
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0040
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0040
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0040
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0045
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0045
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0045
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0045
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0045
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0045
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0045
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0045
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0045
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0045
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0045
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0045
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0045
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0045
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0045
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0045
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0045
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0045
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0045
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0045
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0045
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0045
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0045
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0045
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0045
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0045
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0045
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0045
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0045
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0045
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0045
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0045
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0045
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0045
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0045
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0045
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0045
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0045
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0045
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0045
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0045
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0045
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0045
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0045
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0045
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0045
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0045
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0045
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0045
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0045
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0045
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0045
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0050
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0050
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0050
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0050
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0050
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0050
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0050
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0050
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0050
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0050
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0050
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0050
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0050
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0050
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0050
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0050
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0050
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0050
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0050
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0050
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0050
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0050
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0050
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0050
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0050
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0050
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0050
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0050
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0050
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0050
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0050
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0050
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0050
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0050
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0050
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0050
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0050
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0050
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0055
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0055
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0055
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0055
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0055
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0055
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0055
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0055
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0055
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0055
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0055
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0055
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0055
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0055
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0055
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0055
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0055
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0055
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0055
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0055
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0055
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0055
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0055
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0055
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0055
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0055
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0055
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0055
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0055
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0055
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0055
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0055
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0055
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0055
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0055
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0055
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0055
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0055
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0055
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0055
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0055
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0055
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0055
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0055
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0055
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0055
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0055
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0055
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0055
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0055
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0055
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0055
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0055
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0055
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0055
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0055
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0055
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0055
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0055
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0055
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0060
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0060
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0060
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0060
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0060
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0060
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0060
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0060
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0060
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0060
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0060
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0060
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0060
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0060
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0060
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0060
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0060
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0060
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0060
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0060
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0060
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0060
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0060
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0060
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0060
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0060
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0060
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0060
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0060
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0060
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0060
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0060
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0060
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0060
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0060
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0060
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0060
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0060
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0060
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0060
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0060
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0060
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0065
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0065
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0065
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0065
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0065
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0065
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0065
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0065
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0065
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0065
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0065
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0065
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0065
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0065
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0065
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0065
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0065
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0065
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0065
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0065
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0065
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0065
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0065
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0065
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0065


1 Calciu

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[
[

[

[

[

[

[

[

[

92 S. Kiviluoto et al. / Cell 

oligomerize via different mechanisms and monomeric GAAP inhibits apo-
ptosis and modulates calcium, Journal of Biological Chemistry 288 (2013)
13057–13067.

14] Q. Xu, J.C. Reed, Bax inhibitor-1, a mammalian apoptosis suppressor identified
by functional screening in yeast, Molecular Cell 1 (1998) 337–346.

15] B. Bailly-Maitre, B.F. Belgardt, S.D. Jordan, B. Coornaert, M.J. von Freyend, A.
Kleinridders, J. Mauer, M.  Cuddy, C.L. Kress, D. Willmes, M.  Essig, B. Hampel, U.
Protzer, J.C. Reed, J.C. Bruning, Hepatic Bax inhibitor-1 inhibits IRE1alpha and
protects from obesity-associated insulin resistance and glucose intolerance,
Journal of Biological Chemistry 285 (2010) 6198–6207.

16] G.H. Lee, H.K. Kim, S.W. Chae, D.S. Kim, K.C. Ha, M.  Cuddy, C. Kress, J.C. Reed,
H.R. Kim, H.J. Chae, Bax inhibitor-1 regulates endoplasmic reticulum stress-
associated reactive oxygen species and heme oxygenase-1 expression, Journal
of Biological Chemistry 282 (2007) 21618–21628.

17] F. Lisbona, D. Rojas-Rivera, P. Thielen, S. Zamorano, D. Todd, F. Martinon,
A.  Glavic, C. Kress, J.H. Lin, P. Walter, J.C. Reed, L.H. Glimcher, C. Hetz, BAX
inhibitor-1 is a negative regulator of the ER stress sensor IRE1alpha, Molecular
Cell  33 (2009) 679–691.

18] N. Henke, D.A. Lisak, L. Schneider, J. Habicht, M.  Pergande, A. Methner, The
ancient cell death suppressor BAX inhibitor-1, Cell Calcium 50 (2011) 251–260.

19] T. Ahn, C.H. Yun, H.Z. Chae, H.R. Kim, H.J. Chae, Ca2+/H+ antiporter-like activity of
human recombinant Bax inhibitor-1 reconstituted into liposomes, FEBS Journal
276 (2009) 2285–2291.

20] T. Ahn, C.H. Yun, H.R. Kim, H.J. Chae, Cardiolipin, phosphatidylserine, and BH4
domain of Bcl-2 family regulate Ca2+/H+ antiporter activity of human Bax
inhibitor-1, Cell Calcium 47 (2010) 387–396.

21] C.H. Yun, H.J. Chae, H.R. Kim, T. Ahn, Doxorubicin- and daunorubicin-induced
regulation of Ca2+ and H+ fluxes through human bax inhibitor-1 reconstituted
into membranes, Journal of Pharmaceutical Sciences 101 (2012) 1314–1326.

22] K. Castillo, D. Rojas-Rivera, F. Lisbona, B. Caballero, M.  Nassif, F.A. Court, S.
Schuck, C. Ibar, P. Walter, J. Sierralta, A. Glavic, C. Hetz, BAX inhibitor-1 reg-
ulates autophagy by controlling the IRE1alpha branch of the unfolded protein
response, EMBO Journal 30 (2011) 4465–4478.

23] S. Pattingre, A. Tassa, X. Qu, R. Garuti, X.H. Liang, N. Mizushima, M. Packer, M.D.
Schneider, B. Levine, Bcl-2 antiapoptotic proteins inhibit Beclin 1-dependent
autophagy, Cell 122 (2005) 927–939.

24] M.C. Maiuri, G. Le Toumelin, A. Criollo, J.C. Rain, F. Gautier, P. Juin, E. Tasdemir,
G.  Pierron, K. Troulinaki, N. Tavernarakis, J.A. Hickman, O. Geneste, G. Kroemer,

Functional and physical interaction between Bcl-X(L) and a BH3-like domain
in  Beclin-1, EMBO Journal 26 (2007) 2527–2539.

25] G. Bultynck, K. Szlufcik, N.N. Kasri, Z. Assefa, G. Callewaert, L. Missiaen,
J.B. Parys, H. De Smedt, Thimerosal stimulates Ca2+ flux through inositol
1,  4,5-trisphosphate receptor type 1, but not type 3, via modulation of an

[

m 54 (2013) 186– 192

isoform-specific Ca2+-dependent intramolecular interaction, Biochemical Jour-
nal  381 (2004) 87–96.

26] F. Wuytack, J.A. Eggermont, L. Raeymaekers, L. Plessers, R. Casteels, Antibodies
against the non-muscle isoform of the endoplasmic reticulum Ca2+-transport
ATPase, Biochemical Journal 264 (1989) 765–769.

27] L. Missiaen, H. De Smedt, G. Droogmans, R. Casteels, Ca2+ release
induced by inositol 1,4,5-trisphosphate is a steady-state phenomenon
controlled by luminal Ca2+ in permeabilized cells, Nature 357 (1992)
599–602.

28] A. Roos, W.F. Boron, Intracellular pH, Physiological Reviews 61 (1981) 296–434.
29] D. Mekahli, G. Bultynck, J.B. Parys, H. De Smedt, L. Missiaen, Endoplasmic-

reticulum calcium depletion and disease, Cold Spring Harbor Perspectives in
Biology 3 (2011).

30] T. Vervliet, S. Kiviluoto, G. Bultynck, ER stress and UPR through dysregulated
ER  Ca2+ homeostasis and signaling, in: Endoplasmic Reticulum Stress in Health
and Disease, Springer, Netherlands, 2012, pp. 107–142.

31] K. Aoyama, D.M. Burns, S.W. Suh, P. Garnier, Y. Matsumori, H. Shiina, R.A. Swan-
son, Acidosis causes endoplasmic reticulum stress and caspase-12-mediated
astrocyte death, Journal of Cerebral Blood Flow and Metabolism 25 (2005)
358–370.

32] N. Schauble, S. Lang, M.  Jung, S. Cappel, S. Schorr, O. Ulucan, J. Linxweiler, J.
Dudek, R. Blum, V. Helms, A.W. Paton, J.C. Paton, A. Cavalie, R. Zimmermann,
BiP-mediated closing of the Sec61 channel limits Ca2+ leakage from the ER,
EMBO Journal 31 (2012) 3282–3296.

33] M.  Hammadi, A. Oulidi, F. Gackiere, M.  Katsogiannou, C. Slomianny, M.  Roud-
baraki, E. Dewailly, P. Delcourt, G. Lepage, S. Lotteau, S. Ducreux, N. Prevarskaya,
F.  Van Coppenolle, Modulation of ER stress and apoptosis by endoplasmic
reticulum calcium leak via translocon during unfolded protein response:
involvement of GRP78, FASEB Journal 27 (2013) 1600–1609.

34] T. Higo, K. Hamada, C. Hisatsune, N. Nukina, T. Hashikawa, M.  Hattori, T. Naka-
mura, K. Mikoshiba, Mechanism of ER stress-induced brain damage by IP3

receptor, Neuron 68 (2010) 865–878.
35] S. Kiviluoto, T. Vervliet, H. Ivanova, J.P. Decuypere, H. De Smedt, L. Missiaen, G.

Bultynck, J.B. Parys, Regulation of inositol 1,4,5-trisphosphate receptors during
endoplasmic reticulum stress, Biochimica et Biophysica Acta – Molecular Cell
Research 1833 (2013) 1612–1624.

36] G.H. Lee, T. Ahn, D.S. Kim, S.J. Park, Y.C. Lee, W.H. Yoo, S.J. Jung, J.S. Yang, S. Kim,
A.  Muhlrad, Y.R. Seo, S.W. Chae, H.R. Kim, H.J. Chae, Bax inhibitor 1 increases

cell adhesion through actin polymerization: involvement of calcium and actin
binding, Molecular Cell Biology 30 (2010) 1800–1813.

37] X.H. Chen, I. Bezprozvanny, R.W. Tsien, Molecular basis of proton block
of  L-type Ca2+ channels, Journal of General Physiology 108 (1996)
363–374.

http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0065
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0065
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0065
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0065
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0065
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0065
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0065
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0065
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0065
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0065
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0065
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0065
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0065
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0065
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0065
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0065
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0065
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0065
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0065
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0065
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0065
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0065
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0070
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0070
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0070
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0070
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0070
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0070
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0070
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0070
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0070
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0070
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0070
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0070
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0070
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0070
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0070
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0070
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0070
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0070
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0070
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0070
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0070
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0070
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0070
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0075
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0075
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0075
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0075
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0075
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0075
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0075
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0075
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0075
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0075
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0075
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0075
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0075
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0075
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0075
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0075
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0075
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0075
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0075
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0075
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0075
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0075
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0075
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0075
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0075
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0075
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0075
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0075
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0075
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0075
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0075
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0075
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0075
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0075
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0075
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0075
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0075
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0075
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0075
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0075
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0075
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0075
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0075
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0075
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0075
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0075
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0075
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0075
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0075
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0075
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0075
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0075
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0075
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0075
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0080
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0080
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0080
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0080
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0080
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0080
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0080
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0080
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0080
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0080
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0080
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0080
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0080
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0080
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0080
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0080
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0080
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0080
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0080
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0080
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0080
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0080
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0080
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0080
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0080
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0080
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0080
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0080
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0080
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0080
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0080
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0080
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0080
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0080
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0080
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0080
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0080
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0080
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0080
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0080
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0080
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0080
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0080
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0085
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0085
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0085
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0085
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0085
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0085
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0085
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0085
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0085
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0085
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0085
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0085
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0085
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0085
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0085
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0085
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0085
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0085
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0085
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0085
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0085
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0085
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0085
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0085
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0085
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0085
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0085
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0085
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0085
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0085
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0085
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0085
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0085
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0085
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0085
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0085
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0085
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0085
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0085
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0085
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0085
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0085
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0085
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0085
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0085
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0090
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0090
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0090
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0090
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0090
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0090
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0090
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0090
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0090
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0090
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0090
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0090
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0090
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0090
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0090
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0090
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0090
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0090
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0090
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0090
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0090
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0090
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0090
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0090
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0090
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0090
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0095
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0095
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0095
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0095
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0095
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0095
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0095
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0095
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0095
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0095
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0095
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0095
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0095
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0095
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0095
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0095
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0095
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0095
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0095
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0095
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0095
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0095
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0095
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0095
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0095
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0095
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0095
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0095
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0095
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0095
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0095
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0100
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0100
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0100
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0100
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0100
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0100
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0100
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0100
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0100
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0100
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0100
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0100
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0100
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0100
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0100
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0100
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0100
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0100
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0100
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0100
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0100
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0100
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0100
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0100
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0100
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0100
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0100
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0100
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0100
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0100
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0100
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0100
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0100
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0100
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0105
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0105
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0105
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0105
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0105
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0105
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0105
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0105
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0105
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0105
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0105
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0105
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0105
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0105
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0105
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0105
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0105
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0105
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0105
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0105
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0105
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0105
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0105
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0105
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0105
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0105
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0105
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0105
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0105
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0105
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0105
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0105
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0105
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0105
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0105
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0110
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0110
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0110
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0110
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0110
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0110
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0110
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0110
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0110
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0110
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0110
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0110
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0110
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0110
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0110
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0110
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0110
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0110
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0110
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0110
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0110
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0110
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0110
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0110
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0110
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0110
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0110
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0110
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0110
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0110
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0110
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0110
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0110
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0110
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0110
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0110
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0110
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0110
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0110
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0110
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0110
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0110
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0110
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0110
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0110
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0110
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0115
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0115
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0115
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0115
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0115
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0115
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0115
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0115
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0115
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0115
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0115
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0115
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0115
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0115
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0115
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0115
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0115
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0115
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0115
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0115
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0115
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0115
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0115
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0115
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0115
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0115
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0115
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0115
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0115
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0115
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0115
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0120
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0120
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0120
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0120
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0120
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0120
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0120
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0120
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0120
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0120
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0120
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0120
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0120
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0120
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0120
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0120
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0120
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0120
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0120
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0120
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0120
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0120
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0120
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0120
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0120
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0120
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0120
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0120
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0120
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0120
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0120
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0120
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0120
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0120
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0120
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0120
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0120
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0120
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0120
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0120
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0120
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0120
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0120
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0120
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0120
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0120
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0125
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0125
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0125
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0125
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0125
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0125
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0125
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0125
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0125
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0125
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0125
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0125
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0125
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0125
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0125
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0125
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0125
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0125
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0125
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0125
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0125
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0125
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0125
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0125
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0125
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0125
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0125
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0125
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0125
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0125
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0125
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0125
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0125
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0125
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0125
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0125
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0125
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0125
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0125
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0125
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0125
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0125
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0125
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0125
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0125
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0125
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0125
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0125
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0125
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0125
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0125
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0130
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0130
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0130
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0130
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0130
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0130
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0130
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0130
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0130
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0130
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0130
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0130
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0130
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0130
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0130
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0130
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0130
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0130
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0130
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0130
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0130
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0130
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0130
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0130
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0130
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0130
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0130
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0130
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0130
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0130
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0135
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0135
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0135
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0135
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0135
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0135
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0135
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0135
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0135
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0135
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0135
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0135
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0135
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0135
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0135
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0135
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0135
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0135
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0135
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0135
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0135
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0135
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0135
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0135
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0135
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0135
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0135
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0135
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0135
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0135
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0135
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0135
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0135
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0135
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0140
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0140
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0140
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0140
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0140
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0140
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0140
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0140
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0140
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0140
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0140
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0140
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0140
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0145
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0145
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0145
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0145
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0145
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0145
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0145
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0145
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0145
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0145
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0145
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0145
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0145
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0145
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0145
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0145
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0145
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0145
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0145
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0145
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0145
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0145
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0145
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0145
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0145
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0150
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0150
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0150
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0150
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0150
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0150
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0150
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0150
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0150
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0150
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0150
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0150
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0150
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0150
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0150
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0150
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0150
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0150
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0150
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0150
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0150
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0150
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0150
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0150
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0150
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0150
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0150
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0150
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0150
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0150
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0150
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0150
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0150
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0155
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0155
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0155
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0155
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0155
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0155
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0155
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0155
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0155
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0155
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0155
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0155
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0155
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0155
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0155
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0155
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0155
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0155
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0155
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0155
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0155
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0155
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0155
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0155
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0155
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0155
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0155
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0155
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0155
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0155
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0155
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0155
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0155
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0155
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0155
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0155
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0160
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0160
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0160
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0160
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0160
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0160
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0160
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0160
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0160
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0160
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0160
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0160
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0160
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0160
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0160
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0160
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0160
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0160
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0160
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0160
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0160
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0160
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0160
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0160
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0160
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0160
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0160
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0160
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0160
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0160
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0160
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0160
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0160
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0160
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0160
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0160
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0160
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0160
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0160
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0160
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0160
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0160
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0160
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0160
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0160
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0160
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0160
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0160
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0165
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0165
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0165
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0165
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0165
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0165
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0165
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0165
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0165
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0165
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0165
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0165
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0165
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0165
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0165
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0165
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0165
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0165
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0165
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0165
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0165
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0165
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0165
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0165
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0165
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0165
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0165
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0165
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0165
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0165
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0165
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0165
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0165
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0165
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0165
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0165
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0165
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0165
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0165
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0165
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0165
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0165
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0165
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0165
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0165
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0165
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0165
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0165
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0165
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0165
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0165
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0165
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0165
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0165
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0165
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0170
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0170
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0170
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0170
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0170
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0170
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0170
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0170
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0170
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0170
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0170
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0170
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0170
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0170
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0170
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0170
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0170
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0170
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0170
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0170
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0170
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0170
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0170
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0170
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0170
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0170
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0170
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0170
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0170
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0170
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0170
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0170
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0170
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0175
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0175
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0175
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0175
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0175
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0175
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0175
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0175
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0175
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0175
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0175
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0175
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0175
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0175
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0175
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0175
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0175
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0175
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0175
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0175
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0175
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0175
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0175
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0175
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0175
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0175
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0175
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0175
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0175
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0175
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0175
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0175
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0175
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0175
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0175
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0175
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0175
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0175
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0175
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0180
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0180
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0180
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0180
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0180
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0180
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0180
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0180
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0180
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0180
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0180
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0180
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0180
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0180
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0180
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0180
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0180
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0180
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0180
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0180
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0180
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0180
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0180
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0180
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0180
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0180
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0180
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0180
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0180
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0180
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0180
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0180
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0180
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0180
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0180
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0180
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0180
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0180
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0180
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0180
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0180
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0180
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0180
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0180
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0180
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0180
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0180
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0180
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0180
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0180
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0180
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0185
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0185
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0185
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0185
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0185
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0185
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0185
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0185
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0185
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0185
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0185
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0185
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0185
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0185
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0185
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0185
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0185
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0185
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0185
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0185
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0185
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0185
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0185
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0185
http://refhub.elsevier.com/S0143-4160(13)00087-0/sbref0185

	Bax Inhibitor-1-mediated Ca2+ leak is decreased by cytosolic acidosis
	1 Introduction
	2 Materials and methods
	2.1 Generation of BI-1-deficient MEF cells expressing empty vector, wild-type BI-1 and BI-1D213R
	2.2 Constructs
	2.3 Western blot
	2.4 Confocal imaging
	2.5 Verification of human BI-1 or BI-1D213R expression in BI-1−/− MEF cells
	2.6 Cell-death assays
	2.7 45Ca2+-flux assays

	3 Results
	3.1 BI-1, but not BI-1D213R, overexpression in BI-1−/− MEFs leads to increased ER Ca2+ leak and protection against apoptosis
	3.2 Lowering the pH decreases the BI-1-mediated Ca2+ leak from the ER
	3.3 Ca2+ flux through the BI-1 Ca2+-channel pore decreases by lowering the pH

	4 Discussion
	Conflict of interest
	Acknowledgements
	Appendix A Supplementary data
	Appendix A Supplementary data


