Fo6

Gen. Physiol. Biophys. (2009), Focus Issue, 28, F96-F103

Review

Calcium binding chaperones of the endoplasmic reticulum
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Abstract. The endoplasmic reticulum is a major Ca?* store of the cell that impacts many cellular
processes within the cell. The endoplasmic reticulum has roles in lipid and sterol synthesis, protein
folding, post-translational modification and secretion and these functions are affected by intralu-
minal endoplasmic reticulum Ca?*. In the endoplasmic reticulum there are several Ca>* buffering
chaperones including calreticulin, Grp94, BiP and protein disulfide isomerase. Calreticulin is one
of the major Ca?* binding/buffering chaperones in the endoplasmic reticulum. It has a critical role
in Ca®* signalling in the endoplasmic reticulum lumen and this has significant impacts on many
Ca?*-dependent pathways including control of transcription during embryonic development. In ad-
dition to Ca®* buffering, calreticulin plays important role in the correct folding and quality control

of newly synthesized glycoproteins.
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Introduction

The endoplasmic reticulum (ER) of eukaryotic cells is an
extensive, continuous network of membrane tubules and is
a separate metabolic compartment that houses many func-
tions critical to the survival of a cell (Baumann and Walz
2001; Schroder 2008). The ER lumen provides a unique
environment with a high concentration of Ca®" binding
proteins which directly influences the functioning of the ER
such as its roles in Ca®" storage and release, membrane and
secretory protein synthesis and folding including post-trans-
lational modifications such as N-linked glycosylation and the
formation of disulfide bonds, lipid and sterol synthesis and
metabolism and signal transduction (Michalak et al. 2002;
Schroder 2008). Many ER Ca** binding proteins have dual
functions and are also molecular chaperones involved in pro-
tein folding and quality control (Ashby and Tepikin 2001).
The functions of these chaperones and formation of folding
complexes is dependent on Ca®* concentrations (Ashby and
Tepikin 2001). ER luminal Ca?* impacts all downstream
functions of the ER including apoptosis, stress response,
organogenesis and transcriptional activity ( Michalak et al.
2002). The protein folding machinery of the ER is highly
sensitive to ER luminal Ca?" fluctuations and the ER has
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evolved a sophisticated system of quality control as well as
an unfolded protein response (UPR) pathway in order to
deal with mis-folded proteins. Impaired function of the ER
leads to many severe diseases (Michalak et al. 2002). This
review will focus on ER luminal Ca®* and the ER luminal
Ca®" buffering chaperones, their role in ER-dependent Ca*
homeostasis and how they impact quality control in the
secretory pathway.

ER, a calcium storage organelle

Cytoplasmic Ca®" is a versatile signalling molecule affecting
many cellular functions including exocytosis, contraction,
metabolism, transcription, fertilization and proliferation
(Berridge et al. 2003). The ER is the major intracellular Ca**
store in the cell. The total ER Ca®" concentration is esti-
mated to be 2 mmol/l while the free ER Ca?* concentration
varies from 50 to 500 pmol/l (Groenendyk 2006; Meldolesi
and Pozzan 1998). This is magnitudes higher than the free
cytoplasmic Ca* level which is approximately 100 nmol/l
(Michalak et al. 2009). The ER Ca”" stores play an essential
role in Ca®* signalling. The buffering of ER luminal Ca®*
is critical to the many diverse ER functions. Overload and
depletion of ER Ca®* stores have detrimental effects on
the entire cell. Ca®" release from ER stores is controlled
by the inositol 1,4,5-triphosphate (InsP3) receptor and the
ryanodine receptor (RyR) (Taylor and Laude 2002). ER
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Ca?" store refilling is controlled by the sarco/endoplasmic
reticulum Ca?*-ATPase (SERCA) (Lipskaia et al. 2009)
while the Na*/Ca?" exchanger and the plasma membrane
Ca®" ATPase actively remove Ca?" from the cells (Rhodes
and Sanderson 2009). Taken together, both the ER Ca?*
buffering proteins and the ER pumps and exchangers exert
powerful effects via ER Ca®* fluctuations on the varied
functions of the ER (Frischauf et al. 2008). Store-operated
calcium influx occurs when there is a depletion of ER Ca?*
stores which activates channels in the plasma membrane to
refill the internal stores (Putney 1986). High throughput
RNAI screens led to the identification of stromal interac-
tion molecule 1 (STIM1) that functions as an ER Ca’*-
sensor that accumulates in punctuate close to the plasma
membrane upon store-depletion (Frischauf et al. 2008). It
clusters at the plasma membrane with the Ca®* channel,
Orail, to activate Ca®* influx (Frischauf et al. 2008).

Calreticulin, a major calcium buffering chaperone of
the ER

Calreticulin is a 46-kDa ER resident Ca®* binding and
buffering protein and molecular chaperone (Michalak et al.
2009). Calreticulin contains ER targeting signal sequence
and it terminates with ER retrieval signal, Lys- Asp-Glu-Leu-
COOH (KDEL) (Fliegel et al. 1989). The protein has been
implicated to play a role in many diverse cellular processes
(Michalak et al. 2009). Many of these functions are due to
calreticulin’s role as an ER Ca®* buffering protein (Michalak
et al. 2009). The protein can be divided into three major
structural and functional domains (Fliegel et al. 1989; Na-
kamura et al. 2001b; Ostwald and MacLennan 1974). The
N-domain (residues 1-180) of calreticulin contains both
polypeptide- and carbohydrate binding sites and, together
with the P-domain, it is critical to the chaperone function
of the protein (Kapoor et al. 2004; Leach et al. 2002). Within
the N-domain, there are specific amino acid residues that
contribute to oligosaccharide binding and conformational
stability of the protein (Kapoor et al. 2004; Leach and Wil-
liams 2003; Martin et al. 2006; Thomson and Williams 2005).
The P-domain (residues 181-290) immediately follows the
N-domain and forms a flexible arm domain (Ellgaard et
al. 2001a; Ellgaard et al. 2001b). This central proline-rich
core is characterized by three copies of two repeat amino
acid sequences (denoted type 1 and 2) and are arranged in
a “111222” pattern (Ellgaard et al. 2001a). These repeats may
play a role in oligosaccharide binding contributing to the
lectin-like function of calreticulin. They may also be involved
in forming complexes between calreticulin and ERp57, an
oxidoreductase folding enzyme of the ER (Vassilakos et al.
1998). Indeed, NMR studies revealed that ERp57 docks on
the tip of the P-domain of calreticulin (Frickel et al. 2002).

This may involve specific amino acid residues including
Glu?, Asp?*!, Glu?*?, Trp?** (Frickel et al. 2002; Leach et
al. 2002; Martin et al. 2006). Interestingly, in vitro studies
indicate that the P-domain binds Ca?* with a high affinity
(Kgq =1 pmol/l) and a low capacity (1 mol of Ca** per mol
of protein) (Baksh and Michalak 1991). The third domain of
calreticulin is the low affinity (K4 = 2 mol/l), high capacity
(25 mol of Ca?* per mol of protein) Ca>* binding C-domain
(residues 291-400) (Baksh and Michalak 1991; Nakamura
et al. 2001b). This domain is responsible for binding over
50% of Ca®* in the ER (Nakamura et al. 2001b). The Ca?*
binding capacity of the C-domain is derived from large
clusters of acidic amino acid residues consisting of aspartic
and glutamic acid interrupted with basic residues of lysine
and arginine (Breier and Michalak 1994). Interruption of
the basic residues, interestingly, results in a reduction in the
Ca?* binding capacity of calreticulin (Breier and Michalak
1994).

Mutational analysis revealed that specific amino acid
residues are required for the chaperone function of calre-
ticulin (Guo et al. 2003; Martin et al. 2006). Trp>%? in the
carbohydrate binding N-domain as well as Trp*** at the tip
of the P-domain are both critical to the chaperone function
of calreticulin (Martin et al. 2006). The N-domain amino
acid His'>® was found to not only be essential for chaperone
function but also important in the structure of calreticulin
(Guo et al. 2003). Surprisingly, when the disulfide bridge in
the N-domain was disrupted (Cys®® and Cys'?°) there was
only partial disruption of the chaperone function of calreti-
culin (Martin et al. 2006). Overall, conformational changes
of calreticulin resulting from mutations in specific amino
acids residues of the protein or due to fluctuations in Ca**
concentrations of the ER lumen impact the functionality of
the chaperone function of the protein (Corbett et al. 2000;
Guo et al. 2003; Martin et al. 2006).

Calreticulin, loss-of-function and gain-of-function

The direct link of calreticulin to Ca** signalling is highlighted
by data that shows that changes in calreticulin expression
level directly correlates to changes in Ca®* signalling (Na-
kamura et al. 2001b). It is not surprising, therefore, that
the regulation of expression of calreticulin impacts on ER
Ca®" release and storage capacity and ultimately results in
abnormal embryonic development (Li et al. 2002; Mesaeli
et al. 1999; Nakamura et al. 2001a). Key to understanding
the chaperoning functions and Ca®* binding properties
of calreticulin comes from studies involving animal and
cellular models of calreticulin-deficient systems and over-
expressing calreticulin (Michalak et al. 2009). These studies
further demonstrate the role of calreticulin as a buffering
protein and a regulator of Ca?" homeostasis might be far
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Figure 1. Calcium binding chaperones in the endoplasmic
reticulum. Under conditions of high [Ca2*] or full Ca2* stores,
the chaperones, calreticulin (CRT), glucose-regulated protein
78 (Grp78/BiP), glucose-regulated protein 94 (Grp94), protein
disulfide isomerase (PDI) and the oxidoreductase ERp57 are
fully active to bind mis-folded proteins. Both the secretory
pathway and Ca®* dependent transcriptional processes are also
fully active.

more critical than its role as molecular chaperone (Figs. 1
and 2) (Michalak et al. 2009).

Loss-of-Function

Studies with calreticulin-deficient mice and embryonic stem
cells show a critical role for calreticulin in maintenance of
ER Ca* (Li et al. 2002; Mesaeli et al. 1999; Nakamura et al.
2001a). Calreticulin-deficient mice are embryonic lethal at
14.5 post-coitum due to impaired cardiac development (Me-
saeli et al. 1999). Specifically, there is a marked decrease in
ventricular wall thickness and deep intertrabecular recesses
in the ventricular walls, however, development of all other
tissues is normal (Mesaeli et al. 1999; Rauch et al. 2000).
Interestingly, fibroblast cells derived from calreticulin-defi-
cient embryos show significantly reduced ER Ca?* capacity
although free ER Ca®", as measured by the ER-targeted
“cameleon” reporter, remains unchanged (Nakamura et al.
2001b). Also, in crt”" derived fibroblasts, there is inhibi-
tion of bradykinin-induced Ca®" release. This is likely due
to the impairment of bradykinin binding to its cell surface
receptor suggesting that calreticulin plays a role in the cor-
rect folding of the bradykinin receptor (Mesaeli et al. 1999;
Nakamura et al. 2001b). This inability for bradykinin Ca?*
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Figure 2. Calcium binding chaperones in the endoplasmic re-
ticulum. When there is low [Ca2*] or empty Ca?* stores, there
is an increase in accumulation of mis-folded proteins, activation
of the unfolded protein response (UPR) and subsequent increase
in expression of BiP, Grp94 and calreticulin (CRT). There is also
significant inhibition of the secretory pathway and Ca®* dependent
transcriptional processes. NFAT, nuclear factor of activated T-cells;
MEEF, myocyte-specific enhancer factor; G, glucose.

release results in aberrant nuclear translocation of a number
of factors such as NF-AT (nuclear translocation of nuclear
factor of activated T-cells) and MEF2C (myocyte-enhancer
factor 2C) (Guo et al. 2001; Lynch et al. 2005; Mesaeli et al.
1999). These transcription factors are all essential during
vertebrate cardiac morphogenesis and hypertrophy (Chien
and Olson 2002; Lynch et al. 2005; Qiu and Michalak 2009;
Srivastava and Olson 2000). These studies suggest that the
lethality observed in the calreticulin-deficient mice is due to
the Ca** buffering role of calreticulin but not its chaperone
function (Michalak et al. 2009; Nakamura et al. 2001b). Inter-
estingly, the embryonic lethality of the calreticulin-deficient
mice is rescued by over-expression of the serine/threonine
phosphatase, calcineurin (Guo et al. 2002). These mice have
rescued cardiac development however they show impeded
growth, hypoglycaemia, increased levels of serum triacylg-
lycerols and cholesterol indicating an important role of cal-
reticulin in postnatal energy metabolism (Guo et al. 2002).
Most importantly, over-expression of activated calcineurin
rescues the nuclear localization of NF-AT and MEF2C that
is aberrant in the absence of calreticulin (Guo et al. 2002;
Lynch et al. 2005). The rescue of these calreticulin-deficient
mice with activated calcineurin underscores the importance
of the calreticulin and calcineurin relationship in the Ca**
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signalling cascade for normal cardiac development (Guo et
al. 2002).

Studies using calreticulin-deficient embryonic stem cells
further support the role of the ER, calreticulin and Ca" in
cardiogenesis (Li et al. 2002). crt”” ES-derived cardiomyo-
cytes have a severe disruption of myofibrillogenesis due to
insufficient expression and Ca®" -dependent phosphoryla-
tion of ventricular myosin light chain 2 (MLC2v) (Li et al.
2002). Myofibrillogenesis is rescued in crt”/~ ES-derived car-
diomyocytes when they are supplied with a Ca?* ionophore
highlighting the importance of calreticulin and ER Ca**
signalling in cardiac development (Li et al. 2002).

Gain-of-Function

Increased expression of calreticulin results in significant
increase in Ca®" capacity of the ER (Arnaudeau et al. 2002).
Transgenic mice over-expressing calreticulin in the heart
display bradycardia, complete heart block and sudden
death, cardiac edema and abnormal sarcomere structure
of the heart, dilated ventricular chamber and atria, thinner
ventricular walls and disarrayed cardiomyocytes (Nakamura
et al. 2001a; Hattori et al. 2007). Over-expressing mice also
had reduced HCN1 (hyperpolerization-activated cyclic
nucleotide-gated channell) activation, which regulates
cardiac pacemaker activity (Hattori et al. 2007). A decrease
in the protein level of connexin40 (Cx40) and connexin43
(Cx43), components of gap junction, and MEF2C were also
observed (Hattori et al. 2007). Together, decreased levels of
HCN1, Cx40 and MEF2C results in impaired structure and
function of the heart in calreticulin over-expressing mice
(Hattori et al. 2007). Interestingly, calreticulin autoantibody
hasbeen detected in patients suffering from congenital heart
block and transgenic mice over-expressing calreticulin in the
heart have a similar phenotype to children suffering from
congenital heart block ( Nakamura et al. 2001a; Hattori et al.
2007; Orth et al. 1996; Moak et al. 2001). This suggests a role
for calreticulin in the pathogenesis of adult and paediatric
congenital heart block (Orth et al. 1996; Moak et al. 2001).

Calcium binding chaperones and folding enzymes of
the ER

In addition to calreticulin there are a number of other
Ca?" buffering chaperones and folding enzymes that affect
ER-dependent Ca®" homeostasis. These include calnexin,
BiP/Grp78, glucose-regulated protein 94 (Grp94), protein di-
sulfide isomerase (PDI)/Calcistorin, and ERp72. BiP/Grp78
binds Ca?" at relatively low capacity (1-2 mol of Ca** per mol
of protein) but is responsible for as much as 25% of the Ca®*
binding capacity of the ER (Lievremont et al. 1997). Grp94 is
one of the most abundant Ca?* buffering proteins of the ER

(Argon and Simen 1999). It is a low-affinity, high-capacity
Ca?* binding protein with 15 moderate-affinity sites (Kq =~
2 uM) with low capacity (1 mol Ca** per mol of protein) and
11 low-affinity sites (Kq ~ 600 (M) with high capacity (10
mol of Ca** per mol of protein) (Argon and Simen 1999).
Grp94 is highly expressed in the early stages of embryonic
hearts and suggests that it may have a role in the process
of myocardial cell differentiation and heart development
(Barnes and Smoak 1997). It has been found that the selec-
tive increase in Grp94 in response to Ca>" levels protects
cardiomyocytes in ischemia (Vitadello et al. 2003).

There are several ER oxidoreducatases in the ER lumen
that also have roles buffering ER Ca?*. PDI is a 58-kDa pro-
tein that binds Ca?" with a high capacity (19 mol Ca®" per
mol of protein) and weak affinity (K4 =2-5mM) (Lebeche et
al. 1994). ERcalcistorin/PDI is an ER luminal calsequestrin-
like protein that binds Ca** with a high capacity (23 mol
of Ca®* per mol of protein) and low affinity (Kq = ~1mM)
(Lucero and Kaminer 1999). ERp72, a 72-kDa member of
the PDI family, is known to bind with a high capacity (12
mol of Ca?* per mol of protein) and low affinity (Lucero et
al. 1998).

ER Ca’* and quality control in the secretory pathway

The ER is a multifunctional organelle and aside from its
role in Ca?" storage it is also well-known for its role in the
synthesis, folding and post-translational modification of
all secreted and integral membrane proteins (Groenendyk
2006). The critical importance of the ER as a site for protein
storage machinery is underscored by the numerous diseases
that result from impaired protein folding or post-transla-
tional machinery (Groenendyk 2006). Many of the ER Ca*
buffering proteins also have dual functions as folding chap-
erones for newly synthesized proteins, so it is not surprising
that their structure, complex formation with other foldases
as well as substrates is dependent on fluctuations within
the ER lumen (Corbett et al. 1999; Corbett and Michalak
2000). In addition, exit of properly folded proteins from the
ER and trafficking to the Golgi apparatus is also an ER Ca*
dependent process (Lodish and Kong 1990).

Calreticulin, calnexin and other ER Ca?* binding chap-
erons and folding enzymes are important component of
protein folding and quality control. A lectin-like chaperone
function of calreticulin and calnexin is especially important
in this process. Both proteins assist in folding of glycosylated
proteins via their interaction with mono-glucosylated pro-
tein (Oliver et al. 1999). The protein is released from the
folding machinery when the glucose residue is removed
by glucosidase II (Hebert and Molinari 2007). Monogluco-
sylated carbohydrate binding to calreticulin or calnexin is
dependent on the presence of Ca®* (Williams 2006). In the
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absence of Ca®", these interactions are broken resulting in
accumulation of mis-folded proteins, activation of UPR and
frequently cell death (Michalak et al. 2009). The interaction of
the nascent polypeptide to calnexin and calreticulin is a Ca**
-dependent process (Corbett et al. 2000). Under conditions
oflow ER luminal Ca?* (<100 pmol/1), calreticulin is rapidly
degraded by trypsin while under high luminal Ca** con-
centrations (500 pmol/l to 1 mmol/l) calreticulin formed an
N-domain protease resistant core (Corbett et al. 2000). This
suggests that fluctuations in Ca®" within the ER lumen can
affect the conformation of calreticulin and this will inevitably
impact on the function of this protein (Corbett et al. 2000).
Correctly folded proteins are transported to their biological
destinations. However, if the protein is still mis-folded, it is
recognized by UDP-glucose:glycoprotein glucosyltransferase
(UGGT1) which specifically re-glucosylates allowing the
protein to re-enter the calreticulin/calnexin/ERp57 cycle for
another round of protein folding (Hebert and Molinari 2007).
If the protein is terminally mis-folded it is removed from the
ER by ER associated degradation (ERAD) which involves
translocation of the mis-folded proteins to the cytoplasm
where they are degraded by ubiquitine-dependent pathway
(Vembar and Brodsky 2008). Native proteins, however, are
transported from the ER through the Golgi to their correct
location within the cell (Malhotra and Kaufman, 2007).

ER Ca’* and the unfolded protein response

Disruption of any of the protein folding machinery results
in an increase in mis-folded proteins in the ER lumen and
this is termed ER stress (Schroder and Kaufman 2005a).
In order to deal with this increased load of proteins in the
ER, the cell has evolved a sophisticated system called the
unfolded protein response (UPR) (Kozutsumi et al. 1988;
Schroder and Kaufman 2005a). UPR is modulated by three
ER transmembrane proteins called activating transcription
factor-6 (ATF6), inositol-requiring kinase 1 (IRE) and dou-
ble-stranded RNA-activated protein kinase-like ER kinase
(PERK) (Schroder and Kaufman 2005b). These proteins
work to alleviate stress on the ER by decreasing protein load
through three simple adaptive mechanisms. First, there is an
up-regulation of chaperone proteins and foldases as well as an
increase in the size of the ER. Secondly, there is an inhibition
of translation of newly synthesized proteins in the ER and,
thirdly, there is an increase in ERAD machinery to rapidly
clear mis-folded proteins from the ER lumen (Schroder and
Kaufman 2005b). Activation of the three sensors is main-
tained by the regulatory protein, glucose regulated protein-78
(Grp78) or BiP (Hendershot 2004). Therefore, BiP has been
referred to the as the master regulator of the ER because this
role in the ER that prevents aggregation of newly synthesized
proteins and associates with UPR sensors to prevent their

activation (Hendershot 2004; Groenendyk and Michalak
2005; Hebert and Molinari 2007). Interestingly, drugs that
interfere with intracellular Ca®* stores are known to acti-
vate UPR (Tombal et al. 2002). For example, thapsigargin,
a Ca®*"ATPase inhibitor, decreases the intracellular Ca**
concentration resulting in activation of all branches of the
UPR pathway (Lytton et al. 1991; Li et al. 2000). Addition-
ally, the ionophore, ionomycin, which increases intracellular
Ca?* levels, is also known to induce the UPR pathway and its
treatment of cells is marked with an increase in expression
of BiP/Grp78 (Miyake et al. 2000).

PERK, an ER transmembrane kinase, is the first sensor
activated in mammalian UPR and its function is to tran-
siently attenuate mRNA translation decreasing the load
of newly synthesized proteins into the already stressed
ER (Malhotra and Kaufman 2007; Lin et al. 2009). When
there is an accumulation of mis-folded proteins in the ER
lumen, BiP is sequestered by mis-folded proteins, released
from PERK which results in the dimerization of PERK and
eventual trans-autophosphorylation (Malhotra and Kaufman
2007). This autophosphorylation event causes the activation
of its alpha subunit of eukaryotic initiation factor 2 (eIF2a)
phosphorylation activities where PERK goes on to phospho-
rylate eIF2o at Ser”! (Malhotra and Kaufman 2007; Lin et al.
2009). Phosphorylated elF2a inhibits translation of mRNA
and consequently reduces protein synthesis (Malhotra and
Kaufman 2007). Phosphorylated eIF2a also plays a selective
role in the transcription by inducing the translation of ac-
tivating transcription factor 4 (ATF4) mRNA which results
in the transcription of genes involved in mechanisms such
as apoptosis and anti-oxidative stress response (Ameri and
Harris 2008).

In mammalian cells, IRE1 is a bi-functional protein with
not only a cytosolic carboxy-terminal kinase domain but
also an endoribonuclease domain (Back et al. 2005). Under
conditions of no stress, IRE1, like PERK, is maintained as
an inactive homodimer by the protein chaperone Grp78/BiP.
However, when mis-folded proteins accumulate in the ER
lumen, IRE1 is released from the Grp78/BiP protein and it
homodimerizes and trans-autophosphorylates to activate its
endoribonuclease (RNase) activity (Malhotra and Kaufman
2007). The RNase domain of IRE1 targets the mRNA of the
basic leucine zipper domain (bZIP) containing transcrip-
tion factor, X-box binding factor-1 (Xbpl) (Malhotra and
Kaufman 2007). There is splicing of a 26-nucleotide intron
from the mRNA of Xbp1 causing a translational frameshift
to an active and stable transcription factor (Back et al. 2005;
Malhotra and Kaufman 2007). The splicing of the mRNA
results in the activation of a potent transcription factor whose
protein, XBPI, translocates to the nucleus where it activates
the transcription of UPR element (UPRE) containing genes
to alleviate ER stress (Malhotra and Kaufman 2007). There is
activation in the transcription of genes involved in ER associ-
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ated degradation (ERAD) in order to alleviate the build up of
mis-folded proteins in the ER lumen (Back et al. 2005).

Upon ER stress and UPR, ATF6 is released from Grp78/
BiP, cleaved and activated in response to ER stress and their
bZip domains allow them to bind ERSEs as homodimers or
as a heterodimer and this modulates the ER stress response
(Kondo et al. 2005; Murakami et al. 2006; Thuerauf et al.
2004). Under normal conditions, the luminal domain of
ATF6, like PERK and IRE], is bound by Grp78/BiP however,
it is also bound by calreticulin (through its three glycosyla-
tion sites) and upon ER stress, the luminal domain of ATF6
is released from Grp78/BiP and from calreticulin (due to
underglycosylation of the three luminal glycosylation sites),
revealing non-consensus Golgi localization sites (GLSs)
(Shen et al. 2002; Hong et al. 2004; Shen et al. 2005). Since
carbohydrate binding to calreticulin is Ca?*-dependent it
is conceivable that calreticulin-ATF6 interactions may be
regulated by ER luminal Ca?*. Once free of calreticulin and
Grp78/BiP, ATF6 then translocates to the Golgi apparatus
where it is subject to proteolytic processing (Shen et al. 2002;
Hong et al. 2004) to release N-ATF6 portion of the ATF6.
N-ATF6 translocates to the nucleus to activate promoters
containing ERSE’s (Thuerauf et al. 2007). The involvement
of players such as Grp78/BiP and calreticulin in UPR sug-
gest that Ca?* may have role in the mediation of this stress
response. It is of interest that these sensors are maintained
in their “off” states by binding Grp78/BiP (PERK, IRE,
ATF6) and calreticulin (ATF6) (Hendershot 2004; Hong
et al. 2004).

Conclusions

The ER is a continuous, dynamic and multifunctional or-
ganelle and is the major Ca®* store of the cell. It plays a vital
role in many cellular processes of the cell including protein
folding and secretion, post-translational modification, lipid
and sterol biosynthesis and Ca®* buffering and homeosta-
sis. Calreticulin, an ER resident protein, is the major Ca**
binding protein of the ER. Modulation of this protein is
tightly controlled to impact Ca?* stores and signalling. Ca**
fluctuations as a result of calreticulin modulation impact the
cells at the molecular level, as seen with impacts on protein
folding machinery, as well as at the whole tissue level, specifi-
cally cardiac development. Normal cardiac development is
ultimately controlled by calreticulin and its mis-regulation
(loss-of-function or gain-of-function) leads to lethal cardiac
pathologies. It is exceedingly important to continue to study
the role calreticulin plays in the ER as it is a valuable player
in normal development.

Acknowledgments. Our research is supported by the Canadian
Institutes of Health Research (MOP-15291), the Heart and Stroke

Foundation of Canada and the Alberta Heritage Foundation for
Medical Research. H. Coe is supported by an AHFMR studentship
awards.

The authors have no financial interests related to the material in the
manuscript nor to the participation in the 2nd ECS Workshop.

References

Ameri K., Harris A. L. (2008): Activating transcription factor 4.
Int. J. Biochem. Cell Biol. 40, 14-21

Argon Y., Simen B. B. (1999): GRP94, an ER chaperone with protein
and peptide binding properties. Semin. Cell Dev. Biol.
10, 495-505

Arnaudeau S., Frieden M., Nakamura K., Castelbou C., Michalak
M., Demaurex N. (2002): Calreticulin differentially
modulates calcium uptake and release in the endoplas-
mic reticulum and mitochondria. J. Biol. Chem. 277,
46696-46705

Ashby M. C,, Tepikin A. V. (2001): ER calcium and the functions of
intracellular organelles. Semin. Cell Dev. Biol. 12, 11-17

Back S. H., Schroder M., Lee K., Zhang K., Kaufman R. J. (2005): ER
stress signaling by regulated splicing: IRE1/HAC1/XBP1.
Methods 35, 395-416

Baksh S., Michalak M. (1991): Expression of calreticulin in Esch-
erichia coli and identification of its Ca** binding domains.
J. Biol. Chem. 266, 21458-21465

Barnes J. A., Smoak I. W. (1997): Immunolocalization and heart
levels of GRP94 in the mouse during post-implantation
development. Anat. Embryol. 196, 335-341

Baumann O., Walz B. (2001): Endoplasmic reticulum of animal
cells and its organization into structural and functional
domains. Int. Rev. Cytol. 205, 149-214

Berridge M. J., Bootman M. D., Roderick H. L. (2003): Calcium
signalling: dynamics, homeostasis and remodelling. Nat.
Rev. Mol. Cell Biol. 4, 517-529

Breier A., Michalak M. (1994): 2,4,6-Trinitrobenzenesulfonic acid
modification of the carboxyl-terminal region (C-domain)
of calreticulin. Mol. Cell. Biochem. 130, 19-28

Chien K. R, Olson E. N. (2002): Converging pathways and prin-
ciples in heart development and disease: CV@CSH. Cell
110, 153-162

Corbett E. F, Michalak K. M., Oikawa K., Johnson S., Campbell I.
D., Eggleton P, Kay C., Michalak M. (2000): The confor-
mation of calreticulin is influenced by the endoplasmic
reticulum lumenal environment. J. Biol. Chem. 275,
27177-27185

Corbett, E. E, Michalak, M. (2000): Calcium, a signaling molecule
in the endoplasmic reticulum? Trends Biochem. Sci. 25,
307-311

Corbett, E. F, Oikawa, K., Francois, P, Tessier, D. C., Kay, C., Berger-
on,J.J. M., Thomas D. Y., Krause K. H., Michalak M. (1999):
Ca?" regulation of interactions between endoplasmic
reticulum chaperones. J. Biol. Chem. 274, 6203-6211

Ellgaard L., Riek R., Braun D., Herrmann T., Helenius A., Wuthrich
K. (2001a): Three-dimensional structure topology of the
calreticulin P-domain based on NMR assignment. FEBS
Lett. 488, 69-73



F102

Coe and Michalak

Ellgaard L., Riek R., Herrmann T., Guntert P, Braun D., Helenius A.,
Wuthrich K. (2001b): NMR structure of the calreticulin
P-domain. Proc. Natl. Acad. Sci. U.S.A. 98, 3133-3138

Fliegel L., Burns K., MacLennan D. H., Reithmeier R. A. E, Michalak
M. (1989): Molecular cloning of the high affinity calcium-
binding protein (calreticulin) of skeletal muscle sarcoplas-
mic reticulum. J. Biol. Chem. 264, 21522-21528

Frickel E. M., Riek R., Jelesarov I., Helenius A., Wuthrich K,
Ellgaard L. (2002a): TROSY-NMR reveals interaction
between ERp57 and the tip of the calreticulin P-domain.
Proc. Natl. Acad. Sci. U.S.A. 99, 1954-1959

Frischauf I., Schindl R., Derler I., Bergsmann J., Fahrner M.,
Romanin C. (2008): The STIM/Orai coupling machinery.
Channels (Austin) 2, 261-268

Groenendyk J., Opas M., Michalak M. (2006): Protein folding
and calcium homeostasis in the endoplasmic reticulum.
Calcium Binding Proteins 1, 77-85

Groenendyk J., Michalak M. (2005): Endoplasmic reticulum
quality control and apoptosis. Acta Biochim. Pol. 52,
381-395

Guo L., Groenendyk J., Papp S., Dabrowska M., Knoblach B.,
Kay C., Parker J. M. R., Opas M., Michalak M. (2003):
Identification of an N-domain histidine essential for
chaperone function in calreticulin. J. Biol. Chem. 278,
50645-50653

Guo L., Lynch J., Nakamura K., Fliegel L., Kasahara H., Izumo S.,
Komuro I, Agellon L. B., Michalak M. (2001): COUP-TF1
antagonizes Nkx2.5-mediated activation of the calreti-
culin gene during cardiac development. J. Biol. Chem.,
276, 2797-2801

Guo L., Nakamura K., Lynch J., Opas M., Olson E. N., Agellon L.
B., Michalak M. (2002): Cardiac-specific expression of
calcineurin reverses embryonic lethality in calreticulin-
deficient mouse. J. Biol. Chem. 277, 50776-50779

Hattori K., Nakamura K., Hisatomi Y., Matsumoto S., Suzuki M.,
Harvey R. P, Kurihara H., Hattori S., Yamamoto T,
Michalak M., Endo E (2007): Arrhythmia induced by
spatiotemporal overexpression of calreticulin in the heart.
Mol. Genet. Metab. 91, 285-293

Hebert D. N., Molinari M. (2007): In and out of the ER: protein
folding, quality control, degradation, and related human
diseases. Physiol. Rev. 87, 1377-1408

Hendershot L. M. (2004): The ER function BiP is a master regulator
of ER function. Mt. Sinai J. Med. 71, 289-297

Hong M., Luo S. Z., Baumeister P., Huang J. M., Gogia R. K,, Li
M. Q, Lee A. S. (2004): Underglycosylation of ATF6 as
a novel sensing mechanism for activation of the unfolded
protein response. J. Biol. Chem. 279, 11354-11363

Kapoor M., Ellgaard L., Gopalakrishnapai J., Schirra C., GemmaE.,
Oscarson S., Helenius A., Surolia A. (2004): Mutational
analysis provides molecular insight into the carbohydrate-
binding region of calreticulin: pivotal roles of tyrosine-109
and aspartate-135 in carbohydrate recognition. Biochem-
istry 43, 97-106

Kondo S., Murakami T., Tatsumi K., Ogata M., Kanemoto S., Otori
K., Iseki K., Wanaka A., Imaizumi K. (2005): OASIS,
a CREB/ATF-family member, modulates UPR signalling
in astrocytes. Nat. Cell Biol. 7, 186-194

Kozutsumi Y., Segal M., Normington,K., Gething M. J., Sambrook
J. (1988): The presence of malfolded proteins in the
endoplasmic reticulum signals the induction of glucose-
regulated proteins. Nature 332, 462-464

Leach M. R., Cohen-Doyle M. E, Thomas D. Y., Williams D. B.
(2002): Localization of the lectin, ERp57 binding, and
polypeptide binding sites of calnexin and calreticulin. J.
Biol. Chem. 277, 29686-29697

Leach M. R., Williams D. B. (2003): Lectin-deficient calnexin is
capable of binding class I histocompatibility molecules
in vivo and preventing their degradation. J. Biol. Chem.
279, 9072-9079

Lebeche D., Lucero H. A., Kaminer B. (1994): Calcium binding
properties of rabbit liver protein disulfide isomerase.
Biochem. Biophys. Res. Commun. 202, 556-561

Li]J. A., Puceat M., Perez-Terzic C., Mery A., Nakamura K., Micha-
lak M., Krause K. H., Jaconi M. E. (2002): Calreticulin
reveals a critical Ca®* checkpoint in cardiac myofibrillo-
genesis. J. Cell Biol. 158, 103-113

Li M. Q., Baumeister P, Roy B., Phan T, FotiD.,Luo S.Z., Lee A. S.
(2000): ATF6 as a transcription activator of the endoplas-
mic reticulum stress element: thapsigargin stress-induced
changes and synergistic interactions with NF-Y and YY1.
Mol. Cell. Biol. 20, 5096-5106

Lievremont J. P, Rizzuto R., Hendershot L., Meldolesi J. (1997): BiP,
a major chaperone protein of the endoplasmic reticulum
lumen, plays a direct and important role in the storage
of the rapidly exchanging pool of Ca". J. Biol. Chem.
272,30873-33089

Lin J. H, Li H., Zhang Y., Ron D., Walter P. (2009): Divergent ef-
fects of PERK and IREI signaling on cell viability. PLoS
ONE 4, e4170

Lipskaia L., Hulot J. S., Lompre A. M. (2009): Role of sarco/endo-
plasmic reticulum calcium content and calcium ATPase
activity in the control of cell growth and proliferation.
Pflugers Arch. 457, 673-685

Lodish H. E, Kong N. (1990): Perturbation of cellular calcium
blocks exit of secretory proteins from the rough endoplas-
mic reticulum. J. Biol. Chem. 265, 10893-10899

Lucero H. A., Kaminer B. (1999): The role of calcium on the activ-
ity of ERcalcistorin/protein-disulfide isomerase and the
significance of the C-terminal and its calcium binding.
A comparison with mammalian protein-disulfide isomer-
ase. J. Biol. Chem. 274, 3243-3251

Lucero H. A, Lebeche D., Kaminer B. (1998): ERcalcistorin/protein-
disulfide isomerase acts as a calcium storage protein in the
endoplasmic reticulum of a living cell. Comparison with cal-
reticulin and calsequestrin. J. Biol. Chem. 273, 9857-9863

Lynch J., Guo L., Gelebart P, Chilibeck K., Xu J., Molkentin J. D.,
Agellon L. B., Michalak M. (2005): Calreticulin signals
upstream of calcineurin and MEF2C in a critical Ca®*-
dependent signaling cascade. J. Cell Biol. 170, 37-47

Lytton J., Westlin M., Hanley M. R. (1991): Thapsigargin inhibits the
sarcoplasmic or endoplasmic reticulum Ca?*-ATPase fam-
ily of calcium pumps. J. Biol. Chem. 266, 17067-17071

Malhotra J. D., Kaufman R. J. (2007): The endoplasmic reticulum
and the unfolded protein response. Semin. Cell Dev. Biol.
18,716-731



Ca**-binding chaperones of ER

F103

Martin V., Groenendyk J., Steiner S. S., Guo L., Dabrowska M.,
Parker J. M. R., Muller-Ester]l W., Opas M., Michalak M.
(2006): Identification by mutational analysis of amino
acid residues essential in the chaperone function of cal-
reticulin. J. Biol. Chem. 281, 2338-2346

Meldolesi J., Pozzan T. (1998): The endoplasmic reticulum Ca?t
store: a view from the lumen. Trends Biochem. Sci. 23,
10-14

Mesaeli N., Nakamura K., Zvaritch E., Dickie P., Dziak E., Krause
K.-H., Opas M., MacLennan D. H., Michalak M. (1999):
Calreticulin is essential for cardiac development. J. Cell
Biol. 144, 857-868

Michalak M., Parker J. M. R., Opas M. (2002): Ca?" signaling and
calcium binding chaperones of the endoplasmic reticu-
lum. Cell Calcium 32, 269-278

Michalak M., Groenendyk J., Szabo E., Gold L. I., Opas M. (2009):
Calreticulin, a multi-process calcium-buffering chaperone
of the endoplasmic reticulum. Biochem. J. 417, 651-666

Miyake H., Hara I., Arakawa S., Kamidono S. (2000): Stress
protein GRP78 prevents apoptosis induced by calcium
ionophore, ionomycin, but not by glycosylation inhibi-
tor, tunicamycin, in human prostate cancer cells. J. Cell.
Biochem. 77, 396-408

Moak]. P, Barron K. S., Hougen T. J., Wiles H. B., Balaji S., Sreeram
N., Cohen M. H., Nordenberg A., Van Hare G. E, Fried-
man R. A, Perez M., Cecchin E, Schneider D. S., Nehgme
R. A.,Buyon . P. (2001): Congenital heart block: develop-
ment of late-onset cardiomyopathy, a previously underap-
preciated sequela. J. Am. Coll. Cardiol. 37, 238-242

Murakami T., Kondo S., Ogata M., Kanemoto S., Saito A., Wanaka
A, Imaizumi K. (2006): Cleavage of the membrane-bound
transcription factor OASIS in response to endoplasmic
reticulum stress. J. Neurochem. 96, 1090-1100

Nakamura K., Robertson M., Liu G., Dickie P., Guo J. Q., DuffH. J,,
Opas M., Kavanagh K., Michalak M. (2001a): Complete
heart block and sudden death in mouse over-expressing
calreticulin. J. Clin. Invest. 107, 1245-1253

Nakamura K., Zuppini A., Arnaudeau S., Lynch J., Ahsan L, Krause
R., Papp S., De Smedt H., Parys J. B., Muller-Ester] W,,
Lew D. P, Krause K.-H., Demaurex N., Opas M., Micha-
lak M. (2001b): Functional specialization of calreticulin
domains. J. Cell Biol. 154, 961-972

Oliver J. D., Roderick H. L., Llewellyn D. H., High S. (1999): ERp57
functions as a subunit of specific complexes formed with
the ER lectins calreticulin and calnexin. Mol. Biol. Cell.
10, 2573-2582

Orth T., Dorner T., Meyer Zum Buschenfelde K.-H., Mayet W.-].
(1996): Complete congenital heart block is associated with
increased autoantibody titers against calreticulin. Eur. J.
Clin. Invest. 26, 205-215

Ostwald T. J., MacLennan D. H. (1974): Isolation of a high affinity
calcium-binding protein from sarcoplasmic reticulum. J.
Biol. Chem. 249, 974-979

Putney J. W. Jr. (1986): A model for receptor-regulated calcium
entry. Cell Calcium 7, 1-12

Qiu Y., Michalak M. (2009): Transcriptional control of the calre-
ticulin gene in health and disease. Int. J. Biochem. Cell
Biol. 41, 531-538

Rauch F, Prudhomme J., Arabian A., Dedhar S., St-Arnaud R.
(2000): Heart, brain, and body wall defects in mice lacking
calreticulin. Exp. Cell Res. 256, 105-111

Rhodes J. D., Sanderson J. (2009): The mechanisms of calcium
homeostasis and signalling in the lens. Exp. Eye Res. 88,
226-234

Schroder M. (2008): Endoplasmic reticulum stress responses. Cell.
Mol. Life Sci. 65, 862-894

Schroder M., Kaufman R. J. (2005a): ER stress and the unfolded
protein response. Mutat. Res. 569, 29-63

Schroder M., Kaufman R. J. (2005b): The mammalian unfolded
protein response. Annu. Rev. Biochem. 74, 739-789

ShenJ., Chen X., Hendershot L., Prywes R. (2002): ER stress regula-
tion of ATF6 localization by dissociation of BiP/GRP78
binding and unmasking of Golgi localization signals.
Dev. Cell 3,99-111

ShenJ., Snapp E. L., Lippincott-Schwartz J., Prywes R. (2005): Sta-
ble binding of ATF6 to BiP in the endoplasmic reticulum
stress response. Mol. Cell. Biol. 25, 921-932

Srivastava D., Olson E. N. (2000): A genetic blueprint for cardiac
development. Nature 407, 221-226

Taylor C. W, Laude A. J. (2002): IP3 receptors and their regula-
tion by calmodulin and cytosolic Ca*. Cell Calcium
32,321-334

Thomson S. P, Williams D. B. (2005): Delineation of the lectin
site of the molecular chaperone calreticulin. Cell Stress
Chaperones 10, 242-251

Thuerauf D. J., Marcinko M., Belmont P. J., Glembotski C. C. (2007):
Effects of the isoform-specific characteristics of ATF6
alpha and ATF6 beta on endoplasmic reticulum stress
response gene expression and cell viability. J. Biol. Chem.
282, 22865-22878

Thuerauf D. J., Morrison L., Glembotski C. C. (2004): Oppos-
ing roles for ATF6alpha and ATF6beta in endoplasmic
reticulum stress response gene induction. J. Biol. Chem.
279,21078-21084

Tombal B., Denmeade S. R., Gillis J. M., Isaacs J. T. (2002): A su-
pramicromolar elevation of intracellular free calcium
[Ca**); is consistently required to induce the execution
phase of apoptosis. Cell Death Differ. 9, 561-573

Vassilakos A., Michalak M., Lehrman M. A., Williams D. B. (1998):
Oligosaccharide binding characteristics of the molecular
chaperones calnexin and calreticulin. Biochemistry 37,
3480-3490

Vembar S. S., Brodsky J. L. (2008): One step at a time: endoplasmic
reticulum-associated degradation. Nat. Rev. Mol. Cell
Biol. 9, 944-957

Vitadello M., Penzo D., Petronilli V., Michieli G., Gomirato S.,
Menabo R., Di Lisa E, Gorza L. (2003): Overexpression of
the stress protein Grp94 reduces cardiomyocyte necrosis
due to calcium overload and simulated ischemia. FASEB
J. 17,923-925

Williams D. B. (2006): Beyond lectins: the calnexin/calreticulin
chaperone system of the endoplasmic reticulum. J. Cell
Sci. 119, 615-623

Received: May 9, 2009
Final version accepted: June 17, 2009




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CZE <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




