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Abstract—GRP94 is a member of the heat shock protein family normally confined to the endoplasmic reticulum that sometimes escapes the KDEL-mediated retention system. It is overexpressed in some gastric and other gastrointestinal carcinomas, but little is known about the physiological role of GRP94 in gastric mucosa. We investigated the membrane presence
of GRP94 in parietal cells, which secrete acid into the gastric lumen, using subcellular fractionation, selective solubilization
of membrane proteins, Western blotting, and radio-ligand binding and provided evidence of functional GRP94 expression
at the surface of gastric mucosa parietal cells anchored to the basolateral domain. Our results show that GRP94 is not an
integral membrane protein since 50 mM Na2CO3 treatment dissociates part of it from the membrane. However, 100 mM
Na2CO3 treatment did not extract all GRP94 from the membrane, which indicates that it is strongly associated with it. The
presence of GRP94 in isolated plasma membrane was demonstrated by Western blotting and its functionality by radio-ligand binding experiments. Both the KD value obtained in saturation experiments with N-ethylcarboxamido-[3H]adenosine
at 4°C, at the nanomolar range, and the inhibition constant of its binding by radicicol, the most specific GRP94 inhibitor,
indicate that active receptor regions are exposed at the membrane surface. Western blotting of plasma membrane subfractions showed that GRP94 is mainly expressed in the basolateral membrane of gastric parietal cells, while its presence in the
apical domain is negligible, thereby inferring a role for GRP94 in processes operating in this membrane domain.
DOI: 10.1134/S0006297914010027
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Parietal cells are responsible for the production and
secretion of gastric acid and, in species like humans or
rabbits, also of Castle’s intrinsic factor. Parietal cells
undergo dramatic structural changes in the transition
from resting to secreting state. In the secreting state they
acquire a broad variety of functionally coupled apical
and basolateral ion transport proteins. Among others,
they are equipped with basolateral transporters for K+
and Cl– uptake like Na+-K +-Cl – cotransporter,
Cl–/HCO3– exchangers, and Na+/K+-ATPase [1]. The
secretory activity of parietal cells is controlled by neural
stimuli or by several endocrine and paracrine agents acting on membrane receptors of the parietal cells or

through other cells located close to them in gastric
glands.
Glucose-regulated protein of 94 kDa (GRP94, also
called gp96 and endoplasmin) is a member of the heat
shock protein (Hsp) family consisting of chaperones regulated by ATP [2]. It is one of the most abundant proteins
in the mammalian endoplasmic reticulum (ER) lumen
and the paralog of cytosolic Hsp90 in that organelle [3].
In recent years, GRP94 has been detected on the surface
of several cell types and also identified as a secretory protein. It is present on the hepatocyte surface and in bile
canaliculi [4], on the surface of antigen presenting cells
during immune response [5], on differentiating skeletal
muscle myocytes [6], and in several cell lines [7], among
others. Because of its sequence, GRP94 cannot be an
integral membrane protein, and as a consequence its
ectopic presence is presumably mediated by association
with other membrane or secretory proteins [8]. For

Abbreviations: ER, endoplasmic reticulum; GRP94, glucoseregulated protein of 94 kDa; Hsp, heat shock protein; NECA,
N-ethylcarboxamidoadenosine.
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instance, GRP94 has been observed to be associated with
bile salt-dependent lipase, also known as pancreatic cholesterol esterase. In the GRP94/bile salt-dependent lipase
complex, GRP94 lacks a KDEL motif that is necessary
for the retention of soluble proteins in rough ER, and the
complex does not dissociate in ER and is instead secreted
in pancreatic juice [9, 10].
Several biological functions have been recognized for
GRP94. One of the better understood functions is its role
in the folding and assembly of membrane proteins of the
secretory pathway. The molecular chaperone activity of
GRP94 is selective, with targets including integrins, tolllike receptors, insulin-like growth factors, thyroglobulin,
the platelet glycoprotein Ib-IX-V complex, and others
[11-13]. In the absence of GRP94, these proteins are targeted for ER-associated degradation. Interestingly,
GRP94 also has a role in cell survival and defense as it is
required for the cell surface export of cell receptors
involved in the native immune response [6], and it is a
regulator of antigen presenting cells during the immune
response [5] and of calcium homeostasis [14]. Moreover,
GRP94 is overexpressed in several cell types as a defense
mechanism in situations in which a rapid elevation of cell
protection is needed, e.g. in hypoxia [15].
Despite such a multiplicity of functions, the physiological role of GRP94 in the various cell types that form
the gastric mucosa remains to be determined. Different
research groups have detected an elevation of the GRP94
precursor levels in the gastric mucosa of human patients
infected with Helicobacter pylori [16, 17]; it has been proposed that this elevation represents a cellular defense
mechanism against oxidative stress. GRP94 induces the
production of proinflammatory cytokines such as tumor
necrosis factor α and interleukin-8 in human gastric
mucosa macrophages [17]. In addition, GRP94 has been
found overexpressed in gastric [18] and other digestive
tract [19-21] carcinomas.
Based on preliminary results, we suspected that there
was a binding site for N-ethylcarboxamidoadenosine
(NECA) in the plasma membrane of gastric parietal cells
in rabbits, which, however, did not show the expected
behavior on cAMP homeostasis [22]. The substituted
adenosine derivative NECA is a non-selective agonist for
the adenosine receptor subtypes [23]. For years it was
speculated that a binding site for NECA did not fulfill all
the characteristics of a true adenosine receptor; this was
called adenotin. The KD of the binding of this protein to
NECA was in the nanomolar range, and it was later concluded that this high-affinity NECA-binding site corresponded to GRP94 [24]. Our work focused on investigating the presence of GRP94 in the plasma membrane of
parietal cells from rabbit gastric mucosa. For our study,
we performed density-gradient fractionation of cells,
selective extraction of membrane proteins, Western blotting, and saturation assays with [3H]NECA and competitive binding assays with NECA and radicicol (which
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potently inhibits GRP94 from binding NECA) as competitors. We provide for the first time evidence of functional GRP94 expression in parietal cells of gastric
mucosa, anchored to the basolateral plasma membrane
domain.

MATERIALS AND METHODS
Isolation of parietal cells from rabbit gastric mucosa.
Male and female New Zealand rabbits weighing 2.5-4 kg
were used. Housing and experimental procedures were in
accordance with the Spanish (RD 1201/2005) and
European (2003/65/CE Directive and 2007/526/CE
Recommendation) guidelines for the use of laboratory
animals.
The rabbits were euthanized by the administration of
an anesthetic preparation of pentobarbital. The gastric
mucosa was isolated as described by Berglindh and
Obrink [25]. Briefly, the stomach was perfused with phosphate buffered saline, and the mucosa was separated by
blunt dissection. Gastric mucosa cells were isolated following the method described by Fryklund et al. [26] as
modified by Ainz et al. [27]. Briefly, the mucosa was incubated with 15 U/ml pronase and 90 U/ml type I collagenase, and centrifugal elutriation was applied to obtain a
fraction enriched with parietal cells, as described elsewhere (Sanders and Soll [28] modified by Ainz et al.
[27]). The purity of the fraction was assessed by differential staining (Polysciences) and direct observation by
phase-contrast optical microscopy. Cell viability was
measured by the trypan blue exclusion test and averaged
90-95%. Cell functionality was monitored in every preparation by measuring the hydrochloric acid secretion in
response to 10–3 to 10–7 M histamine stimulation as a surrogate index (data not shown).
Isolation of plasma membranes from parietal cells. We
followed the method by Muallem et al. [29] with slight
modifications. Parietal cell suspension was centrifuged
(177g, 5 min, 24°C), and the pellet was resuspended in
homogenization buffer (20 mM Tris-HCl, pH 7.4,
250 mM sucrose, 0.5 mM EDTA, 0.54 mM dithiothreitol
(DTT), 5 µg/ml leupeptin, 15.7 µg/ml benzamidine) with
a final concentration of 60⋅106 cells/ml, and homogenization was performed in a Potter–Elvehjem homogenizer
(2000 rpm, 4°C). The homogenate was centrifuged (700g,
10 min, 4°C), and the supernatant was collected.
To obtain unfractioned plasma membranes, a 47%
sucrose solution was topped by the 700g supernatant and
ultracentrifuged in a swinging rotor (100,000g, 45 min,
4°C). Plasma membranes were collected from the interphase. Plasma membrane subfractions were isolated in a
discontinuous sucrose gradient; a 47% sucrose phase was
laid in a centrifugation tube, which was subsequently
topped by a 40% sucrose phase and the 700g supernatant.
Ultracentrifugation was performed in a swinging rotor
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(100,000g, 45 min, 4°C), and two plasma membrane fractions were obtained: apical membranes were aspirated
from the supernatant/40% sucrose interphase and basolateral membranes from the interphase between the
sucrose phases. After harvesting, fractions were resuspended in 50 mM Tris-HCl, pH 7.4, washed once
(120,000g, 20 min, 4°C), incubated with 2 U/ml adenosine deaminase (1 h, room temperature) to metabolize
endogenous adenosine, and washed again. The pellets
were finally resuspended in 50 mM Tris-HCl, pH 7.4, and
stored at –80°C until used.
Along this sequential procedure, we measured the
enrichment of activity of the following marker proteins:
5′-nucleotidase activity was used as indicator of the
recovery of plasma membrane [30], H+/K+-ATPase
activity as apical membrane marker [31], Na+/K+ATPase activity as basolateral membrane marker [32],
and glucose 6-phosphatase activity as ER marker [30].
No enhancement of glucose 6-phosphatase specific activity was observed in any of the fractions, which indicated
that the membrane fractions were enriched in plasma
membrane and not in ER.
Protein concentration was measured following the
colorimetric method by Bradford [33].
Measurement of radio-ligand binding to GRP94 in
isolated cell membranes. Measurements were carried out
as described by Casado et al. [34]. Membranes (0.5 mg
protein/ml) in saturation assays were incubated (1 h, 4°C)
with 20 to 2560 nM [3H]NECA (850 nCi/nmol)
(Amersham, Sweden) in 50 mM Tris-HCl, pH 7.4, and
free and bound ligands were quickly separated by vacuum
filtration through Whatman GF/C filters previously
washed for 2 h in 0.3% polyethyleneimine, pH 10. After
filtration, the filters were bathed in 10 ml Tris-HCl,
pH 7.4, and placed afterwards in 5 ml scintillation fluid
Biogreen 3 (Scharlau) for radioactivity measurement. All
binding assays were performed in triplicate. Nonspecific
binding, measured in the presence of saturating 100 µM
NECA (Sigma-Aldrich, USA), was subtracted from the
total binding data to calculate the specific binding.
Nonspecific binding represented ~5% of total binding.
In competitive binding assays, unlabeled NECA was
used as competitor in some cases and radicicol (SigmaAldrich) in others. Radicicol is an antibiotic and is considered to be one of the most potent inhibitors of Hsp90s
[35], among which is GRP94. Membranes were incubated with 200 nM [3H]NECA for 1 h, and afterwards 10–12
to 10–3 M NECA or 10–9 to 3⋅10–5 M radicicol were added
as displacing agents.
Analysis of association of GRP94 with membranes. We
analyzed the nature of association of GRP94 with isolated
plasma membranes and, in addition, with microsomes isolated from rabbit parietal cells and from HepG2 human
hepatoma cells as a control. For isolating microsomes, cells
were resuspended in six volumes of homogenization buffer
(20 mM Tris-HCl, pH 7.4, 250 mM sucrose, 0.5 mM

EDTA, 0.54 mM DTT, 5 µg/ml leupeptin, 15.7 µg/ml
benzamidine) and homogenized in a Potter–Elvehjem
homogenizer (20 strokes, 1400 rpm, 4°C). After centrifugation (16,000g, 15 min, 4°C), the supernatant was collected and centrifuged again under the same conditions, and
the upper 2/3 of the supernatant volume was collected to
be subsequently centrifuged (105,000g, 1 h, 4°C). The
resulting pellet contained the microsomes.
Proteins were selectively solubilized by treating
membranes with either 0.3% 3-[(3-cholamidopropyl)dimethylammonio]-1-propanesulfonic acid (CHAPS),
which completely solubilizes membrane proteins [36],
100 mM Na2CO3, pH 11.5, which solubilizes proteins
with a strong association to the membrane, or 50 mM
Na2CO3, pH 11.5, which releases peripheral proteins
[37]. In all cases the plasma membranes or microsomes
(2 mg protein) were resuspended in 500 µl of the solution
of interest (50 or 100 mM Na2CO3, pH 11.5, or 0.3%
CHAPS), incubated for 30 min at 4°C, and ultracentrifuged (230,000g, 1 h, 4°C). Supernatants containing
solubilized products were collected, and pellets were
resuspended in 400 µl of homogenization buffer. GRP94
was detected in the originating membranes, solubilized
products, and pellets by Western blotting.
Analysis of GRP94 protein expression by Western
blotting. Equal amounts of proteins (20 or 50 µg) were
separated by 8% reducing SDS-PAGE [38] together with
commercially available preparations of molecular weight
standards (Bio-Rad, USA) and transferred to Immobilon
P membranes (Millipore, USA). The membranes were
blocked with 3% BSA and subsequently Western blotted.
Chicken anti-rat GRP94 (1 : 1000 dilution, overnight,
4°C) and goat anti-chicken IgG-HRP (1 : 2000 dilution,
1 h, room temperature), both from Calbiochem (USA),
were used as primary and secondary antibodies, respectively. Enhanced chemiluminescence reagent (Amersham) was used to visualize the protein.
Lack of cross-contamination of basolateral with apical membranes was revealed by Western blotting of the
apical membrane marker protein H+/K+-ATPase [31].
The procedure was identical to that described above,
using mouse monoclonal anti-hog H+/K+-ATPase beta
(1 : 1000 dilution, overnight, 4°C), from Thermo
Scientific (USA), and goat anti-mouse IgG-HRP (1 :
2000 dilution, 1 h, room temperature), from Sigma
(USA), as primary and secondary antibodies, respectively.
Calculations. GraphPad Prism 2 was used to compare binding results with models of one or more binding
sites, to draw graphs, and to calculate the parameters that
define the binding: maximum binding capacity (Bmax),
radio-ligand–receptor dissociation constant in equilibrium (KD) in saturation assays, and IC50 value and inhibition constant (Ki) in competitive binding assays. These
parameters were calculated directly from nonlinear
regression curves.
BIOCHEMISTRY (Moscow) Vol. 79 No. 1 2014
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Binding of radio-ligands to GRP94 in parietal cell
membranes from rabbit gastric mucosa. We first investigated whether the membranes isolated from parietal cells
exhibited binding sites of GRP94 for the adenosine derivative NECA. In parallel experiments, we confirmed that
the originating parietal cells were functional and readily
activated by histamine as they displayed a dose-response
increased secretion of hydrochloric acid that reached
around 15-fold when exposed to 10–5, 10–4, or 10–3 M
histamine (data not shown).
The kinetics of binding of [3H]NECA to membranes of gastric parietal cells is shown in Fig. 1.
Increasing concentrations of the radio-ligand were used
(from 20 to 2560 nM), and the binding turned out to be
saturable. The curve fit best to a unique binding site
model. Binding site density, indicated by Bmax, was
163.4 nmol/mg protein, and the affinity of the receptor
to the radio-ligand, indicated by the dissociation constant in equilibrium, KD, was 466.7 nM. This KD is in the
range described for purified GRP94 and corresponds to
the affinity observed when the assay is performed at 4°C
[22, 24].
Two distinct assays were performed to study the displacement of [3H]NECA from GRP94. NECA was used
as competitor in the first assay. After membrane saturation with [3H]NECA, 10–12 to 10–3 M unlabeled NECA
was added. The competition curve was monophasic, as
shown in Fig. 2a. The binding constant of the competitor
ligand, Ki, was 328 nM, and the concentration at which
the inhibition is 50% of maximum, IC50, was 848 nM.
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Fig. 2. Displacement of the specific binding of [3H]NECA to
parietal cell plasma membranes from rabbit gastric mucosa by
NECA (a) and radicicol (b). Concentrations 10–12 to 10–3 M
NECA (a) or 10–9 to 3⋅10–5 M radicicol (b) were added after saturation with 200 nM [3H]NECA to membranes (0.5 mg protein/ml) and incubated at 4°C for 1 h. NECA showed a Ki value
of 328 nM and an IC50 value of 848 nM, and in the case of radicicol those values were 18.9 and 48.9 nM, respectively. Data represent the mean ± SEM, n = 3 samples from six animals, normalized with the maximal binding of [3H]NECA.
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Fig. 1. Saturation of [3H]NECA binding to parietal cell plasma
membranes from rabbit gastric mucosa. Membranes (0.5 mg protein/ml) were incubated at 4°C for 1 h with 20 to 2560 nM
[3H]NECA. Specific binding was calculated subtracting nonspecific binding (determined in presence of saturating, 100 µM
NECA) from total binding. The Bmax value obtained was
163.4 nmol/mg protein and KD value 466.7 nM. Data represent
the mean ± SEM, n = 3 samples from six animals.
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These values are in the range of nanomolar and correspond to the binding to GRP94.
In the second competition assay, 10–9 to 3⋅10–5 M
radicicol was used to displace [3H]NECA from GRP94.
The competition curve fit to a unique binding site model
(Fig. 2b). Radicicol bound to GRP94 with a Ki of
18.9 nM and displaced [3H]NECA with an IC50 of
48.9 nM. The Ki value coincides with the value described
by Roe et al. for the inhibition of GRP94 by radicicol
[39]. These results indicate that the inhibition by radicicol is more potent than the inhibition by NECA, as
expected considering the binding dynamics of both competitors to GRP94. This chaperone normally exists exclusively as a homodimer composed by two identical
monomers. Radicicol is able to completely occupy the
two nucleotide-binding sites present in the native
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GRP94, while other ligands, such as NECA, occupy one
binding site and induce a conformational change that
hinders the subsequent binding of other ligands [24]. This
set of radio-ligand binding experiments demonstrate that
GRP94 is inserted into the membrane in a potentially
active manner, as it is able to bind both the adenosine
receptor agonist NECA and displacers with affinity characteristics reported by others [24].
Immunodetection of GRP94 by Western blotting and
analysis of its association to membranes. Based on the
findings obtained in the radio-ligand binding experiments, we performed immunodetection assays to confirm
the presence of GRP94 in membranes of gastric parietal
cells and selective solubilization followed by Western
blotting assays to assess its association degree to the membrane. We used microsomes isolated from both parietal
cells isolated from rabbit gastric mucosa and from HepG2
cells as a positive control. Membranes were subjected to
treatment with (i) 0.3% CHAPS, which completely solubilizes membrane proteins, or (ii) 100 mM Na2CO3,
which extracts strongly membrane-associated proteins,
or (iii) 50 mM Na2CO3, which releases peripheral proteins. GRP94 was afterwards immunodetected in the
original membrane preparations (memb.) and the pellets
(pellet) and supernatant (supern.) fractions.

Figure 3a shows that GRP94 was completely solubilized from plasma membrane by CHAPS, while the protein remaining in membranes was nearly negligible. The
proportion of protein solubilized by 50 mM Na2CO3 was
small, and most of it remained associated with the plasma
membrane. Figure 3b shows that 100 mM Na2CO3
extracted much more protein than 50 mM Na2CO3 but,
even so, in both microsomes and plasma membrane
GRP94 is detectable in pellets and also in supernatants.
We conclude that GRP94 is not an integral protein, since
a part of it is extracted by 50 mM Na2CO3, but its association with the lipid bilayer and neighbor proteins is strong
since a substantial proportion of GRP94 remains associated with the membranes after extraction with 100 mM
Na2CO3.
The main anti-GRP94 reactivity corresponded to a
band of 94 kDa. There were also bands of lower but nonnegligible intensity of a molecular weight around 60 kDa
(data not shown). Those might be the dissociated
monomers of this chaperone or also the consequence of
certain heterogeneity in the endogenous GRP94 reservoir
as a result of different glycosylation degrees. Whereas
other authors have observed the presence of GRP94
oligomers [40], no immunoreactive bands of molecular
weight above 94 kDa were detected in our samples,

a
PC Memb. + 0.3% CHAPS
Supern.

Pellet

PC Memb. + 50 mM Na2CO3
Unt. PC Memb.

Supern.

Pellet

HepG2 Micros.

GRP94

b
PC Memb. + 100 mM Na2CO3
Unt. PC Memb.

Supern.

Pellet

PC Micros. + 100 mM Na2CO3
Unt. PC Micros.

Supern.

Pellet

GRP94

Fig. 3. Extraction of GRP94 from plasma membranes and microsomes from rabbit gastric parietal cells. Parietal cell (PC) plasma membranes
(memb.), and microsomes (micros.) were treated with 0.3% CHAPS, or 50 mM (a) or 100 mM Na2CO3 (b), or remained untreated (Unt.) (a,
b). After ultracentrifugation (230,000g, 1 h) proteins attached to membranes remained in pellets (pellet), while supernatants (supern.) contained the released proteins. In (a), HepG2 microsomes were included as positive controls for GRP94 immunodetection. Twenty micrograms
of total protein were fractionated on 8% SDS-PAGE and Western blotted for GRP94. Blots shown are representative of three independent
experiments.

BIOCHEMISTRY (Moscow) Vol. 79 No. 1 2014

GASTRIC PARIETAL CELLS EXPRESS GRP94
Apical

Basolateral

Apical

13

Basolateral

GRP94

H+/K+-ATPase

Fig. 4. Immunodetection of GRP94 in plasma membrane basolateral and apical subfractions from parietal cells isolated from rabbit gastric
mucosa. Membrane subfractions were isolated and characterized as described in “Materials and Methods”. Fifty micrograms of total protein
were fractionated on 8% SDS-PAGE and Western blotted for GRP94 and H+/K+-ATPase. Blots shown are representative of three independent experiments.

excluding the existence of interactions, in vivo or in vitro,
leading to oligomerization.
GRP94 is expressed in the basolateral membrane of
gastric parietal cells. As mentioned in the introduction,
the plasma membrane domains of parietal cells participate in a formidably specific way in gastric secretion and
other cells functions. Having proved that GRP94 is
anchored to the plasma membrane of gastric parietal
cells, we aimed to determine if GRP94 associates to the
same extent with the apical and to the basolateral membrane or if, on the contrary, its distribution is asymmetric.
After exhaustive evaluation of purity of the cell
membrane subfractions, we detected by Western blotting
an intense expression of GRP94 in basolateral membranes, while its presence in apical membranes is dramatically low (Fig. 4). Absolute lack of cross-contamination
of basolateral with apical membranes is shown in Fig. 4,
as the apical membrane marker H+/K+-ATPase protein
[31] band signal was absent in the corresponding lanes.

DISCUSSION
Parietal cells secrete concentrated hydrochloric acid
into the gastric lumen. To fulfill this task, they are
equipped with a broad variety of functionally coupled
apical and basolateral ion transporters as well as of receptors to ensure tightly regulated acid secretion. Parietal
cells are thus endowed with basolateral transporters for
K+ and Cl– uptake, Cl–/HCO3– exchangers, and Na+/K+ATPase [1], to name some, and with an array of receptors
[41]. In this study, we show that GRP94 is mainly
expressed in the basolateral domain of gastric mucosa
parietal cells, and that it binds radicicol and the adenosine receptor agonist NECA eliciting affinity characteristics that fit with those of a proper receptor.
BIOCHEMISTRY (Moscow) Vol. 79 No. 1 2014

GRP94 is one of the most abundant proteins in the
lumen of the mammalian ER and is normally confined to
it, but GRP94 has also been shown to escape the KDELmediated retention system of the ER to be expressed at
the plasma membrane. Several functions have been
assigned to GRP94, some of them general and others cell
type-specific. The most relevant ones are those derived
from its interaction with proteins and peptides in the ER
[42], where GRP94 plays an essential role in structural
maturation and/or in trafficking of proteins and peptides
targeted to cell surface [43], but, to the best of our knowledge, the significance of surface GRP94 expression and
the mechanisms through which it acts are not known and
might well differ from those occurring at the ER level.
Past investigations on the identification and characterization of adenosine receptors performed with NECA
identified GRP94 as a high-affinity NECA-binding protein [22] and radicicol as a potent and specific competitor
of NECA binding to GRP94 (Ki = 19 nM) [24], whereas
GRP94 was not able to bind to N-6 substituted adenosine
derivatives or xanthines [36]. With respect to the radioligand binding assays shown here, the KD obtained in saturation assays for [3H]NECA (Fig. 1) is in the nanomolar
range (466.7 nM) (Fig. 1). When we inhibited the binding
of [3H]NECA, Ki was calculated to be 328 nM for NECA
and 18.9 nM for radicicol (Fig. 2). These values are in
close agreement with those described for purified GRP94
[24] and suggest comparable ligand interactions in the
isolated and the parietal cell membrane-embedded protein, indicating that active receptor regions are exposed at
the membrane surface. This concept is also supported by
our finding that 200 µM R-PIA (an N-6 substituted
adenosine analog) was not able to displace NECA binding to GRP94 (unpublished observation).
Whether the high Bmax obtained in saturation assays
with [3H]NECA could be the consequence of a high concentration of GRP94 in parietal cell membranes is an
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open question. In studies using solubilized GRP94 from
human placenta [44] or human platelets [45], tissues in
which GRP94 is abundant, Bmax values were in the
nanomolar range even though they used longer incubation times than us. Here we show that GRP94 is easily
detectable in gastric mucosa parietal cell membranes of
adult rabbits. A high concentration of GRP94 in the plasma membrane of parietal cells suggests that its function is
likely to be different to that in ER and related to the
adenosine regulatory function. Two points are immediately evident from our data, collectively taken. First, a
role for cell surface GRP94 as an adenosine nucleotide
receptor given that NECA binds to the conserved adenosine nucleotide-binding domain of GRP94 and other
heat shock proteins. Second, and as far as GRP94 is also
able to bind adenosine [36], the endogenous purine
nucleoside that modulates many physiological processes,
that surface GRP94 might serve to mediate endogenous
adenosine binding and regulatory activity.
We have also demonstrated the presence of GRP94
in the plasma membrane of parietal cells isolated from
rabbit gastric mucosa by immunodetection. By combining Western blotting and the selective extraction of proteins from isolated membranes we identified GRP94 as a
non-integral protein that is strongly associated with the
plasma membrane of the gastric mucosa parietal cell (Fig.
3). These data agree with findings by us of physicochemical and structural predictive analyses of the rabbit
GRP94 protein sequence (GI:2581793, accession
AF001631.1) carried out with bioinformatics tools
(ExPASy, unpublished observation). When membranes
were treated with different Na2CO3 concentrations, the
proportion of GRP94 remaining in the membranes was
significant, although most of it had been released.
Given that parietal cells are a paradigm of structurally and functionally polarized cells, we asked whether cellsurface GRP94 expression may be different in apical and
basolateral domains. In comparing the expression of this
chaperone in apical and basolateral membrane subfractions purified by centrifugation in sucrose concentration
gradient by Western blotting, clear differences were
noted. The results revealed intense GRP94 expression in
basolateral membrane, while its presence in apical membrane was relatively negligible (Fig. 4). It is tempting to
speculate that this difference in the location of GRP94 is
related to the function of the protein, possibly in association with one of the receptors or other proteins present in
the basolateral domain of plasma membrane. GRP94 in
basolateral membrane is likely to come from ER, where it
is present as observed in microsomes from parietal cells
(Fig. 3). The function of GRP94 in gastric parietal cells is
unknown, but it should be achieved in the resting state of
parietal cells when hydrochloric acid secretion takes
place at basal rates.
In conclusion, we can formally confirm that GRP94
is tightly associated with the cell surface of parietal cells

from rabbit gastric mucosa, where it exhibits high-affinity binding for the adenosine receptor agonist NECA and
specific inhibitor radicicol with affinity characteristics of
a proper receptor, and identify GRP94 particularly
expressed in the basolateral membrane domain. Whether
GRP94 can be functionally interacting with a protein of
or taking part in some of the mechanisms operating preferentially in this plasma membrane domain is an open
question that needs complementary analysis.
We thank Dr. Chico for her invaluable help in
Western blotting assays and Dr. Fresnedo with in silico
GRP94 sequence analysis.
This study was funded by the University of the
Basque Country to RMA (NUPV 08/10) and the Basque
Government to BO and YR (IT366-10).
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