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Co-distribution of Glycoconjugates and H+, K+-ATPase in the 
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ferrumequinum (Schreber, 1774)
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Histochemical, lectin-histochemical, and immunohistochemical analyses were performed on pari-

etal cells of the greater horseshoe bat, Rhinolophus ferrumequinum, to clarify the composition and 

distribution of oligosaccharide chains in the β-subunit of the protonic pump H+,K+-ATPase. PAS, 

Alcian Blue (pH 2.5) and Alcian Blue (pH 1.0) stainings detected only neutral glycoconjugates. 

Lectin-binding analyses included LTA, UEA-I, ConA, SBA, BSI-B4, AAA, DBA, PNA, and WGA. WGA- 

and PNA-bindings were also tested after β-elimination to detect O-linked glycans. Parietal cells were 

negative for binding to LTA and UEA-I, and to PNA and WGA after β-elimination, indicating the lack 

of (1,2) fucosylated residues and of N-linked glycans, respectively. Immunohistochemical tests with 

anti-α- and anti-β-H+,K+-ATPase were positive. Two alternative patterns of glycoconjugate distribu-

tion were found, i.e. a perinuclear and a diffuse one, indicating localization in the intracellular 

canaliculus and in the tubulovesicular system of the parietal cells, respectively. Both the subunits 

of the H+,K+-ATPase and the galactosyl/galactosaminyl residues were co-distributed in both the 

perinuclear and the diffuse patterns, suggesting that the residues are part of the protonic pump. 

Glycosyl/glycosaminyl and mannosyl groups were concentrated in the tubulovesicular system, and 

fucosylated residues were found almost exclusively in the intracellular canaliculi; thus they are 

probably not included in the oligosaccharide chains of β-H+,K+-ATPase. These findings indicate that 

the oligosaccharide chains linked to the β-H+,K+-ATPase subunit in R. ferrumequinum have distinct 

features compared to the other mammals studied and confirms the taxon specificity of the chains 

in the proton pump.
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INTRODUCTION

The parietal cells in the mammalian gastric mucosa con-

tain a number of glycoconjugates that bind lectins (e.g., 

Okamoto and Forte, 1988; Ogata, 1997). One of these, 

Dolichos biflorus agglutinin (DBA), binds so intensely to 

parietal cells that it is considered to be a specific marker 

(Peschke et al., 1983; Kessimian et al., 1986), even if affinity 

has been demonstrated in other cells of the gastric mucosa 

(e.g., Ito et al., 1985; Jiang et al., 2004; Sommer et al., 

2001). Most of the oligosaccharide residues responsible for 

lectin binding are probably linked to the β-subunit of the pro-

tonic pump H+, K+-ATPase, since it is the most abundant 

glycoprotein in the secretory membranes of parietal cells 

(e.g., Ogata, 1997; Tyagarajan et al., 1996). The β-subunit 

has six or seven N-glycosylation sites (Chow and Forte, 

1995; Shin et al., 2009), and the structure of the carbohy-

drate chains is known in the rabbit (Tyagarajan et al., 1997). 

These chains are involved in a number of functions, such as 

assembly with the α-subunit (Asano et al., 2000), binding 

and transport of K+ (Hermsen et al., 2000), maintenance of 

the ultrastructure of the secretory membranes (Miller et al., 

2002), regulation of intracellular trafficking and sorting 

(Vagin et al., 2004; Vagin et al., 2007), protection against 

trypsinolysis (Crothers et al., 2004), and the normal devel-

opment of parietal cells (Scarff et al., 1999).

The oligosaccharide chain sequences of the β-H+,K+-

ATPase subunit are taxon specific; in particular, terminal α-

galactosyl residues in the polylactosamine chains are 

present in rat and rabbit, but are lacking in pig, dog, and 

mouse (Stewart et al., 1999). Interspecific differences in β-

H+,K+-ATPase structure can influence the functionality of the 

holoenzyme, as has been shown for the affinity for K+, which 

differs between rat and pig (Hermsen et al., 2000). Further-

more, N-acetyl-galactosamine residues, as evidenced by 

DBA-binding, can sometimes be lacking in parietal cells 

(e.g., Suganuma et al., 1984; Danguy et al., 1986), and it is 

not clear whether they are present in the oligosaccharide 

chains of the β-H+,K+-ATPase subunit, since rabbit parietal 

cells are positive to DBA (Okamoto and Forte, 1988), but the 

β-H+,K+-ATPase subunit lacks galactosaminyl residues 

(Tyagarajan et al., 1997). Thus, studies on glyconjugates in 
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parietal cells in several mammals having different dietary 

adaptations could help to clarify the relationship between 

glycosylation and function and the possible evolutionary 

implications. Chiroptera is an interesting group from this 

point of view, since chiropterans have the highest variation 

in feeding habits among mammals (e.g., Neuweiler and 

Covey, 2000). Furthermore, these studies could help clarify 

the relationships among carbohydrate residues, as evi-

denced by lectin binding and the distribution of the H+,K+-

ATPase proton pump. Unfortunately, few data are available 

on the distribution of glyconjugates in the digestive tract of 

bats.

In previous papers (Scillitani et al., 2005, 2007), we ana-

lyzed the organization and the glycopatterns of exocrine 

secretion of the digestive tract of the greater horseshoe bat, 

Rhinolophus ferrumequinum. The stomach of this ento-

mophagous species has a short cardias, a wide fundus, and 

a small pylorus and lacks the caeca or particular specializa-

tions found in other bats; it is thus regarded as primitive for 

the order (Scillitani et al., 2007). In the fundic mucosa there 

are several pluricellular glands, comprising many cell types, 

including parietal, chief, mucous (three different types), and 

endocrine. Chief cells disappear in the aboral fundus, 

whereas the number of parietal cells increases. Scillitani et 

al. (2005) hypothesized that this asymmetric distribution 

determines a gradient of pepsinogen and hydrochloric acid 

secretion, probably linked to requirements of fast absorption 

and food passage.

In this paper we present data on the histochemistry, 

lectin histochemistry, and immunohistochemistry of parietal 

cells in the gastric mucosa of R. ferrumequinum. We com-

pare the results from different staining methods and the 

patterns of staining in the parietal cells to assess the distri-

bution and composition of saccharide residues and their 

possible linking to the β-H+,K+-ATPase subunit, and discuss 

functional implications.

MATERIAL AND METHODS

Animals

Two male and one female adult greater horseshoe bats, 

Rhinolophus ferrumequinum (Schreber, 1774), were caught in 

September near Bari (Apu-

lia) in a temporary roost dur-

ing the diurnal resting 

period. Collection was 

authorized by the Italian Min-

istero dell’Ambiente, and the 

handling of the animals fol-

lowed the current Italian 

laws. Each animal was sac-

rificed by using ethyl ether, 

and the stomach was quickly 

removed. The presence of 

insect remains in the stom-

ach and/or the duodenum of 

the specimens suggested 

the fed condition, since food 

passes through the gastroin-

testinal tract rather rapidly in 

bats (e.g., Neuweiler and 

Covey, 2000). Samples of 

the oral and aboral portions 

of the fundus were fixed in 

10% formalin, dehydrated through a graded alcohol series, and 

embedded in paraffin; details are given in Ferri et al. (1999). Serial 

sections 4 μm thick were cut.

Histochemistry

Histochemical methods and protocols followed Bonucci (1981), 

with minor modifications. Rehydrated sections were stained by 

using the periodic acid– Schiff (PAS)–haemallume method, and with 

Alcian blue (AB) at pH 2.5 or pH 1.0, to differentiate neutral and 

acidic glycoconjugates. Zymogen granules were identified with 

Bowie staining.

Lectin histochemistry

Binding of nine lectins (all from Sigma, St. Louis, USA, except 

for AAA from Vector Laboratories, Burlingame, California, USA) was 

assessed to determine the nature and distribution of glycosidic res-

idues in the parietal cells. Lectins were labelled with horseradish 

peroxidase (HRP), fluoresceine isothiocyanate (FITC), or phos-

phatase. The lectins employed, their concentrations, and their sugar 

specificities are summarized in Table 1. Sections were deparaf-

finized and rehydrated by a routine protocol.

For binding with HRP-conjugated lectins (Con A, WGA, SBA, 

PNA, LTA, DBA), sections were exposed to 3% hydrogen peroxide 

for 10 min to inhibit endogenous peroxidase activity, and then incu-

bated for 60 min at room temperature with HRP-lectin in 0.1 M Tris-

buffered saline (TBS) pH 7.4. HRP activity was then visualized with 

0.005% 3-3’-diaminobenzidine (DAB; Sigma, St. Louis, USA) and 

0.01% hydrogen peroxide in 0.05 M TBS (Graham and Karnowsky, 

1966) for 10 min in the dark at room temperature. Finally, the sec-

tions were dehydrated through a graded ethanol series, cleared in 

Histolemon (Carlo Erba, Rodano, Milan, Italy), and mounted in DPX 

(Fluka BioChemika, Steinheim, Germany).

For binding with FITC-conjugated lectins (UEA I, BSI-B4), sec-

tions were incubated for 30 min in blocking buffer (1% normal goat 

serum in TBS) and then incubated for 1 h at room temperature with 

the FITC-lectin solution in TBS. Sections were subsequently rinsed 

in the same buffer and mounted in 70% glycerin in TBS.

For binding with the AAA phosphate-conjugated lectin, sections 

were incubated for 1 h at room temperature with the lectin solution 

in TBS. Sections were subsequently rinsed in the same buffer and 

incubated in the substrate working solution (BCIP/NBT Alkaline 

Phosphatase Substrate Kit IV; Vector Laboratories, Burlingame, 

California, USA) for 15 minutes at room temperature. Endogenous 

alkaline phosphatase activity was inhibited by adding levamisole to 

the working solution. After washing in 0.1M TBS pH 9.5 for 5 min-

Table 1. Characteristics of the plant lectins utilized. Abbreviations: Fuc, fucose; Gal, galactose; GalNAc, N-

acetylgalactosamine; GlcNAc, N-acetylglucosamine; MαM, methyl-α~mannopyranoside; TACT, N,N’,N”-

triacetylchitotriose. References: 1Finne and Krusius, 1982; 2Gallagher et al., 1985; 3Bhattacharyya et al., 

1988; 4Lotan and Sharon, 1978; 5Debray et al., 1981; 6Baker et al., 1983; 7Debray and Montreuil, 1989; 
8Sughii et al., 1982; 9Wood et al., 1979.

Lectin Source and References Binding specificity

Lectin 
concentration 
(mg/ml)

Inhibitory 
sugar

Con A Canavalia ensiformis1 D-mannose, D-Glucose 0:05 0.1 M MαM

WGA Triticum vulgaris2 (GlcNAcβ1,4)n 0:02 0.01 M TACT

SBA Glycine max3 GalNAc 0:02 0.2 M GalNAc

PNA Arachis hypogaea4 Galβ1,3GalNAc 0:06 0.2 M Gal

LTA Tetragonolobus purpureus5 L-Fucα1,6GlcNAc and L-Fucα1,2Galβ1, 
4[L-Fuc1,3] GlcNAcβ1,6R

0:10 0.2 M L-fuc

DBA Dolichos biflorus6 α-GalNAc 0:02 0.2 M GalNAc

AAA Aleuria aurantia7 Fucα·(1,6)GlcNAc-βNAsn Fucα·(1,3), 
Fucα·(1,4)

0:10 0.2 M L-fuc

UEA I Ulex europaeus8 Fucα·(1,2) 0:10 0.2 M L-fuc

BSI-B4 Bandeiraea simplicifolia 9 α-Gal 0:02 0.2 M Gal
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utes, the sections were counterstained with methyl green (Sigma, 

St. Louis, USA), dehydrated, cleared, and mounted following the 

HRP-lectin protocol.

PNA- and WGA-lectin binding was also tested after β-elimination, 

a method that removes only O-linked glycans from glycoproteins 

(Ono et al., 1983). Since the oligosaccharide chains of the β-H+,K+-

ATPase glycoprotein are N-linked to the core protein (Tyagarajan et 

al., 1997), the suppression of lectin-binding after β-elimination 

would indicate that the residues were in O-linked chains, and there-

fore not part of the β-H+,K+-ATPase subunit. Sections were incu-

bated with 0.2 M KOH in dimethylsulphoxyde-H2O-ethanol 

(50:40:10) overnight at 45°C, followed by neutralization with 10 mM 

HCl and then labelling with the various lectins, as previously.

Two different controls for lectin labelling were used: 1) substi-

tution of the respective lectin with TBS alone, and 2) incubation in 

the lectin solution with the addition of the appropriate inhibitory 

sugar (concentrations are in Table 1). Positive controls were 

included from different regions of the digestive system from two 

amphibians, Pseudepidalea lineata (formerly known as Bufo viridis) 

and Triturus carnifex, whose mucins were shown in previous stud-

ies to bind to the lectins tested (Liquori et al., 2002; Liquori et al., 

2007).  

Immunohistochemistry

Rehydrated sections were microwave pre-treated in pH 6.0 cit-

rate buffer for three five-minute cycles for antigen retrieval (Gown 

et al., 1993). For the α-subunit of H+/K+-ATPase, the primary anti-

body was a rabbit antiserum against the C-terminus of the pig H+/

K+-ATPase α-subunit (Chemicon International, Temekula, Califor-

nia, USA). The secondary antibody was anti-Alexa 488-labelled 

goat anti-rabbit IgG (Molecular Probes, Eugene, Oregon, USA). For 

the β-subunit of H+/K+-ATPase, the primary antibody was a mouse 

antiserum against a deglycosylated core peptide of pig H+/K+-

ATPase β-subunit (Novus Biologicals, Littleton, Connecticut, USA). 

The secondary antibody was anti-Alexa 568-labelled goat anti-

mouse IgG (Molecular Probes, Eugene, Oregon, USA). Rehydrated 

sections were incubated in blocking buffer (1% normal goat serum 

in TBS) for 30 min at room temperature, and then incubated over-

night at 4°C with the primary antibody diluted 1:500. After washing 

in TBS, the sections were incubated with the secondary antibody 

(1:500) in the dark for 5 hours at room temperature, washed in PBS, 

and mounted in 70% glycerin in TBS. Controls were performed by 

omitting the primary antibody.

Each experiment was repeated twice on tissues taken from the 

three different animals giving, a total of six replicates. Staining/label-

ling in each experiment was assessed by at least two independent 

Fig 1. Gastric glands of Rhinolophus ferrumequinum stained by 

different histochemical and lectin-binding methods. (A) PAS-

hemallume. (B) UEA-FITC. (C) ConA-FITC. (D) SBA-peroxidase. 

(E) BSI-B4-FITC. (F) AAA-phosphatase. Small arrows, parietal cells 

with the diffuse pattern of staining/binding; large arrows, parietal 

cells with the perinuclear-ring pattern of staining; large, double 

arrows, muciparous gland cells; small, double arrow, muciparous 

neck cell. Scale bars: 20 μm.

Fig 2. Gastric glands of Rhinolophus ferrumequinum stained by 

different lectin-binding methods. (A) DBA-peroxydase-Bowie. (B)

Negative control for DBA. (C) PNA-peroxydase. (D) β-elimination 

PNA-peroxydase. (E) WGA-peroxydase. (F) β-elimination WGA-

peroxydase. Small arrows, parietal cells with the diffuse pattern of 

staining/binding; large arrows, parietal cells with the perinuclear-ring 

pattern of staining; large, double arrows, muciparous gland cells; 

small, double arrow, chief cell. Scale bars: 20 μm.
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observers and scored as positive (+), moderately positive (–/+), or 

negative (–), according to the staining intensity. Images were cap-

tured with a Nikon Eclipse E600 photomicroscope equipped with a 

DMX 1200 digital camera (Nikon, Kawasaki, Japan).

RESULTS

Histology

The gastric glands of R. ferrumequinum were tubular, 

simple, or branched and opened at the bottom of gastric 

pits. They comprised six cell types: 1) surface mucous cells; 

2) foveolar mucous cells; 3) mucous neck cells; 4) chief 

cells; 5) parietal cells, and 6) endocrine cells. Parietal cells 

were present in both the oral and aboral portions of the fun-

dus, whereas chief cells were lacking in the aboral fundus.

Histochemistry

The parietal cells were moderately positive to PAS and 

negative to AB pH 2.5, AB pH 1.0, and Bowie’s staining. In 

several parietal cells, PAS-positive glycoconjugates were 

concentrated in a ring surrounding the nucleus, whereas in 

others a rather uniform intracellular distribution was 

observed (Fig. 1A). No differences were observed in the 

parietal cells between the oral and the aboral fundus.

Lectin histochemistry

Parietal cells were negative to LTA- and UEA-I-binding 

(Fig. 1B); moderately positive to ConA (Fig. 1C), SBA (Fig. 

1D), and BSI-B4 (Fig. 1E); and strongly positive to AAA (Fig. 

1F), DBA (Fig. 2A), PNA (Fig. 2C), and WGA (Fig. 2E). The 

β-elimination pre-treatment suppressed affinity for both PNA 

(Fig. 2D) and WGA (Fig. 2F). Similarly to the PAS staining, 

the lectins bound to the parietal cells in two alternative pat-

terns, either a rather uniform or a perinuclear pattern. A 

mainly uniform, diffuse staining pattern was observed for 

ConA and WGA, whereas SBA and AAA labelled cells 

mostly in the perinuclear-ring pattern. In the binding of DBA, 

PNA, and BSI-B4, about half the parietal cells exhibited the 

diffuse pattern, and the other half the perinuclear pattern. No 

labelling differences were observed between parietal cells of 

the oral and the aboral fundus.

Immunohistochemistry

Only the parietal cells were positive to both α- and β-

subunit H+/K+-ATPase immunostaining (Fig. 3A, B). Similarly 

to the PAS and lectin binding, two main alternative patterns 

were observed, uniform and perinuclear. No differences 

were observed between the oral and the aboral fundus.

Controls

Substitution of the respective lectin with TBS alone and 

incubation in the lectin with the addition of the appropriate 

inhibitory sugar resulted in no staining or non-specific stain-

ing. No binding with either anti-α or anti-β H+,K+-ATPase 

resulted when the primary antibody was omitted.

DISCUSSION

The organization of the gastric glands of R. ferrumequinum 

and the composition of the secretion of the muciparous and 

chief cells have been reported elsewhere (Scillitani et al, 

2005, 2007), so they will be not discussed here.

In the parietal cells of R. ferrumequinum, PAS-staining, 

lectin binding, and immunostaining of both the α- and β-

H+,K+ATPase subunits were distributed in two alternative 

patterns, perinuclear and diffuse. Similar patterns have been 

observed in several mammals (e.g., Kessimian et al., 1986; 

Fischer, 1987; Okamoto and Forte, 1988; Baintner et al., 

2000) and can be explained by the compartmentalization of 

the membranes. The apical membrane invaginates into 

secreting canaliculi that run around the nucleus, lined by 

long microvilli, whereas the smooth endoplasmic reticulum 

forms a tubulovesicular system extending into the cytoplasm 

(Ito and Winchester, 1963). Thus, perinuclear staining indi-

cates that the glycosidic residues and the protonic pump are 

located near the apical membrane of the canaliculi, whereas 

the diffuse pattern of staining suggests a cytoplasmic distri-

Fig. 3. Gastric glands of Rhinolophus ferrumequinum immunos-

tained with anti-H+,K+-ATPase. (A) Anti-α-H+,K+-ATPase. (B) Anti-β-

H+,K+-ATPase. (C) Negative control for anti-α- H+,K+-ATPase. (D) 

Negative control for anti-β- H+,K+-ATPase. Small arrow, parietal cell 

with the diffuse pattern of staining/binding; large arrow, parietal cell 

with the perinuclear-ring pattern of staining. Scale bars: 20 μm.

Table 2. Intensity and patterns of binding of the tested 

lectins to parietal cells. Intensity: – –, negative; –+, moder-

ate; ++, strong. Pattern: *, observed.

Lectin Intensity
Pattern

Perinuclear Diffused

Con A –+ *

WGA ++ *

β elimination-WGA – – – –

SBA –+ *

PNA ++ * *

β elimination-PNA – – – –

LTA – – – –

DBA ++ * *

AAA ++ *

UEA I – – – –

BSI-B4 –+ * *
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bution associated with the tubulovesicular system (Okamoto 

and Forte, 1988; Ogata, 1997). The presence of both pat-

terns for a given staining indicates that the molecules 

stained can move between the tubulovesicular system and 

the intracellular canaliculi according to the functional status 

of the cell.

In parietal cells of the rat, Jiang et al (2001) found two 

alternative patterns of distribution of H+,K+-ATPase and 

defined them “reticulated” and “diffused”, corresponding to 

our perinuclear and diffuse patterns, respectively. Jiang et 

al. (2001) associated the reticulated pattern with the condi-

tion of active secretion, in which H+,K+-ATPase is localized 

mainly in the intracellular canaliculi, while the diffuse pattern 

indicates the resting condition, in which H+,K+-ATPase con-

centrates mostly in the tubulovesicular system. Studies on 

the functional status of gastric secreting cells usually com-

pare laboratory animals in the resting condition induced by 

starving with the active condition induced by food and/or 

secretagogues (e.g., Jiang et al., 2001; Mastrodonato et al., 

2009). This is difficult to achieve in R. ferrumequinum due 

to problems in keeping captive animals and in being sure of 

appropriate food consumption (which can be affected by 

handling stress, acclimation, season of collecting, sudden 

death of apparently healthy individuals due to metabolic 

disorders, etc.) (e.g., Barnard, 1995; Gozalo et al., 2005). 

However, in a previous study (Scillitani et al., 2005), we 

observed that in the fed condition, as indicated by the 

presence of food remains in the stomach and duodenum, 

anti-H+-K+ ATPase immunostaining detected parietal cells 

with both the perinuclear (supposed to indicate an active 

condition) and the diffuse condition (assumed to indicate the 

resting condition). We compared the results from lectin his-

tochemistry and immunohistochemistry to learn whether the 

carbohydrate residues evidenced by lectin binding are part 

of the β-H+,K+-ATPase subunit.

The parietal cells of R. ferrumequinum were moderately 

PAS-positive and not alcianophilic. This can be explained by 

the presence of neutral carbohydrate residues in the glyco-

proteins, as observed in other mammals (e.g., Spicer et al., 

1978; Goldkorn et al., 1989). Similarly, Kessimian et al. 

(1986) found in human parietal cells a faint PAS staining in 

a perinuclear pattern and attributed it to an unidentified gly-

coprotein related to the secretion of HCl, probably the β-

H+,K+-ATPase subunit.

Galactosyl/galactosaminyl residues, as demonstrated by 

the BSI-B4, PNA, and DBA lectins, were distributed in both 

the diffuse and the perinuclear patterns, similarly to the β-

H+,K+-ATPase subunit. The BSI-B4 lectin binds α-galactose 

residues (Wood et al., 1979). These residues are present in 

the oligosaccharide chains of the β-H+,K+-ATPase subunit in 

rabbit and in rat (Tyagarajan et al., 1997; Stewart et al., 

1999), and we hypothesize that the same condition holds for 

R. ferrumequinum. The PNA-lectin binds to galactose β1,3-

N-acetylgalactosamine (Lotan and Sharon, 1978). Even if in 

R. ferrumequinum the PNA-bound residues are co-distributed 

with the β-H+,K+-ATPase subunit, they are probably not 

included in the oligosaccharide chains of the proton pump, 

because suppression of PNA positivity after β-elimination 

indicated that most residues are in O-linked glycans, and not 

in N-linked glycans, which characterize the β-H+,K+-ATPase 

subunit in other mammals (Asano et al., 2000). The lectin 

DBA binds to N-acetylgalactosamine (GalNAc) residues 

(e.g., Baker et al., 1983). DBA binding to the parietal cells in 

the diffuse and the perinuclear patterns in R. ferrumequinum 

indicates that these residues are in the oligosaccharide 

chains of the β-H+,K+-ATPase subunit. Similar DBA-binding 

residues have also been observed in rat (Fischer, 1987) and 

in rabbit (Okamoto and Forte, 1988). However, in the latter, 

Tyagarajan et al. (1997) demonstrated that the β-H+,K+-

ATPase subunit lacks GalNAc residues, so that it is proba-

bly linked to other glycoproteins. Ito et al. (1997) did not 

observe changes in DBA staining patterns in the canaliculi 

of human parietal cells between the resting and stimulated 

conditions, which suggests that there is no relationship 

between the GalNAc residues and the proton pump. Differ-

ing from those bound by the lectin DBA, GalNAc residues 

bound by the lectin SBA in R. ferrumequinum were distrib-

uted only in the perinuclear pattern, indicating that they are 

not linked to H+,K+-ATPase. ConA and WGA binding indi-

cated the presence of mannosylic and/or glicosylic and gli-

cosamminylic residues, respectively, distributed only in the 

diffuse pattern, which suggests that these residues are only 

in the tubulovesicular system, but not in the proton pump. 

Similarly to the binding of PNA lectin, WGA positivity disap-

peared after β-elimination, indicating that the residues are in 

O-linked rather than N-linked chains. It should be noted that 

the lectin WGA also binds to Neu5Ac sialic acid residues 

(Monsigny et al., 1980), but the presence of the latter in the 

parietal cells of R. ferrumequinum can be excluded because 

of the lack of alcianophily. ConA and WGA positivity only in 

the diffuse pattern is seen also in human (Kessimian et al., 

1986), cow (Sommer et al., 2001), and rabbit (Okamoto and 

Forte, 1988) parietal cells. In the last, the oligosaccharide 

chains of the β-H+,K+-ATPase subunit contain several man-

nosylic and glycosamminylic residues (Tyagarajan et al., 

1997), so it is unusual that the perinuclear binding pattern 

was not observed. A possible explanation was given by 

Ogata (1997), who hypothesized that β-H+/K+-ATPase 

undergoes a masking and/or activating process, moving 

from one compartment to another, and that this could affect 

lectin binding to some residues.

The intense AAA staining indicated the presence of 

fucosylated residues, even though no binding was observed 

with lectins UEA-I or LTA. All three of these lectins recog-

nize fucosylated residues, but their binding varies in relation 

to the links between fucose (Fuc) and its neighbors (e.g., 

Spicer e Schulte, 1992). The major binding affinity of AAA is 

to Fuc (1,6)-linked to the proximal GlcNAc of the N-linked 

glycans, as well as to the terminal Fuc with a (1,3) or (1,4) 

linkage, whereas LTA and UEA I have higher affinity for Fuc 

with a (1,2) linkage (e.g., Alonso et al., 2003). Thus, we 

assume that the fucosylated residues in the parietal cells of 

R. ferrumequinum are linked to the adjacent residues mainly 

in the (1,6), (1,3) and (1,4) patterns, and not in the (1,2). In 

contrast to the glicosyl/glicosamminyl and mannosyl resi-

dues, the fucosylated residues are localized only in the intra-

cellular canaliculi, as indicated by the perinuclear binding 

pattern of AAA. Differing from parietal cells in R. 

ferrumequinum, those in other mammals are usually positive 

for UEA-binding (e.g., Kessimian et al., 1986; Ito et al., 

1985; Baintner et al., 2000; Sommer et al., 2001), except for 

the Guinea pig (Lueth et al., 2005).
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In conclusion, our results indicate that in the parietal 

cells of R. ferrumequinum, galactosyl/galactosaminyl groups 

are present in both the intracellular canaliculi and the tubu-

lovesicular system, and thus they are probably part of the β-

H+,K+-ATPase subunit. Glycosyl/glycosaminyl and mannosyl 

groups concentrate in the tubulovesicular system, and fuco-

sylated residues are found in the intracellular canaliculi and 

are probably not present in the β-H+,K+-ATPase subunit but 

in other glycoproteins.

The oligosaccharide chains of the β-H+,K+-ATPase sub-

unit of R. ferrumequinum show some features unusual in 

mammals, such as the presence of GalNAc residues and 

the lack of (1,2) fucosylated residues, and this confirms the 

taxon specificity of their sequences. At the state of present 

(scarce) knowledge, it is rather difficult to hypothesize func-

tional implications for the H+,K+-ATPase interspecific hetero-

geneity, and to relate them to dietary adaptations, rates of 

food passage, metabolic rates, etc. Hermsen et al. (2000) 

found that the sensitivity of rat gastric H+,K+-ATPase for K+

is higher than that of pig, and this is primarily due to differ-

ences in the β-subunit. Rat β-H+,K+-ATPase has terminal α-

galactosyl residues in polylactosamine chains; these residues 

are lacking in pig (Stewart et al., 1999), but it is not clear 

whether this affects the affinity for K+. Our data suggest that 

R. ferrumequinum β-H+,K+-ATPase has terminal α-galactosyl 

residues like those in rat, but at present no inferences can 

be made due to the paucity of comparative data from other 

bats and details about the endocrine regulation of secretion, 

which is known to vary among animals (e.g., Machado-

Santos et al., 2009). This also obscures whether differences 

in the gastric proton pump are responsible for variation in 

food absorption and metabolic rates, which are generally 

higher in bats than in other mammals (e.g., Altringham, 

1996). Further studies on the molecular sequences of the 

oligosaccharide chains will support our histochemical find-

ings and clarify their functional implications, possibly 

confirming that sequences vary among animals, and with 

adaptation in feeding habits and/or metabolic rates.

REFERENCES

Alonso E, Sáez FJ, Madrid JF, Hernández F (2003) Lectin his-

tochemistry shows fucosylated glycoconjugates in the primor-

dial germ cells of Xenopus embryos. J Histochem Cytochem 

51: 239–243

Altringham JD (1996) Bats: Biology and Behaviour. Oxford Univer-

sity Press, Oxford

Asano S, Kawada K, Kimura T, Grishin AV, Caplan MJ, Takeguchi 

N (2000) The roles of carbohydrate chains of the beta-subunit 

on the functional expression of gastric H(+),K(+)-ATPase. J Biol 

Chem 275: 8324–8330

Baintner K, Jakab G, Gyôri Z, Kiss P (2000) Binding of FITC-

labelled lectins to the gastrointestinal epithelium of the rat. 

Pathol Oncol Res 6: 179–183

Baker DA, Sugii S, Kabat EA, Ratcliffe RM, Hermentin P, Lemieux 

RU (1983) Immunochemical studies on the combining sites of 

Forssman hapten reactive hemagglutinins from Dolichos 

biflorus, Helix pomatia and Wistaria floribunda. Biochemistry 

22: 2741–2750

Barnard S (1995) Bats in Captivity. Wild Ones Animal Books, 

Springville

Bhattacharyya L, Haraldsson M, Brewer CF (1988) Precipitation of 

galactose-specific lectins by complex-type oligosaccharides 

and glycopeptides: studies with lectins from Ricinus communis 

(Agglutinin I), Erythrina indica, Erythrina arborescens, Abrus 

precatorius (Agglutinin), and Glycine max (Soybean). 

Biochemistry 27: 1034–1041

Bonucci E (1981) Manuale di Istochimica. Lombardo, Rome

Chow DC, Forte JG (1995) Functional significance of the β-subunit 

for heterodimeric P-type ATPases. J Exp Biol 198: 1–17

Crothers JM Jr, Asano S, Kimura T, Yoshida A, Wong A, Kang JW, 

Forte JG (2004) Contribution of oligosaccharides to protection of 

the H,K-ATPase β-subunit against trypsinolysis. Electrophoresis 

25: 2586–2592

Danguy A, Lenglet G, Kiss R Jr, De Launoit Y, Na Kongo ML, Kiss R 

Sr (1987) Distribution of fluorochrome-coupled lectins in the 

gastrointestinal tract of African bats. Arch Biol 98: 53–66

Debray H, Montreuil J (1989) Aleuria aurantia agglutinin. A new iso-

lation procedure and further study of its specificity towards vari-

ous glycopeptides and oligosaccharides. Carbohydr Res 185: 

15–26

Debray H, Decout D, Strecker G, Spik G, Montreuil J (1981) Speci-

ficity of twelve lectins towards oligosaccharides and glycopep-

tides related to N-glycosylproteins. Eur J Biochem 17: 41–55

Ferri D, Liquori GE, Scillitani G (1999) Morphological and his-

tochemical variations of mucous and oxynticopeptic cells in the 

stomach of the seps, Chalcides chalcides (Linnaeus, 1758). J 

Anat 194: 71–77

Finne J, Krusius T (1982) Preparation and fractionation of glycopep-

tides. Methods Enzymol 83: 269–277

Fischer J (1987) Alternative ultrastructural localization of Dolichos 

biflorus lectin binding sites in proton secreting parietal cells of 

mice. Histochemistry 87: 479–482

Gallagher JT, Morris A, Dexter TM (1985) Identification of two bind-

ing sites for wheat-germ agglutinin on polylactosamine-type oli-

gosaccharides. Biochem J 231: 115–122

Goldkorn I, Gleeson PA, Toh BH (1989) Gastric parietal cell anti-

gens of 60–90, 92, and 100–120 kDa associated with autoim-

mune gastritis and pernicious anemia. Role of N-glycans in the 

structure and antigenicity of the 60–90-kDa component. J Biol 

Chem 264: 18768–18774

Gown AM, de Wever N, Battifora H (1993) Microwave-based anti-

genic unmasking. A revolutionary new technique for routine 

immunohistochemistry. Appl Immunohistochem 1: 256–266

Gozalo AS, Schwiebert RS, Metzner W, Lawson GW (2005) Spon-

taneous, generalized lipidosis in captive greater horseshoe bats 

(Rhinolophus ferrumequinum). Contemp Top Lab Anim Sci 44: 

49–52

Graham RC, Karnowsky MJ (1966) The early stages of absorption 

of injected horseradish peroxidase in the proximal tubules of 

mouse kidney: ultrastructural cytochemistry by a new tech-

nique. Adv Carbohydr Chem Biochem 14: 291–302

Hermsen HP, Swarts HG, Wassink L, Dijk FJ, Raijmakers MT, 

Klaassen CH, Koenderink JB, Maeda M, De Pont JJ (2000) The 

K(+) affinity of gastric H+K+-ATPase is affected by both lipid 

composition and the β-subunit. Biochim Biophys Acta 1480: 

182–190

Ito M, Takata K, Saito S, Aoyagi T, Hirano H (1985) Lectin-binding 

pattern in normal human gastric mucosa. A light and electron 

microscopic study. Histochemistry 83: 189–193

Ito M, Kawakami H, Saito S, Aoyagi T, Hirano H (1989) A morpho-

metric study of changes in Dolichos biflorus agglutinin (DBA)-

binding pattern of the human gastric parietal cell in association 

with acid secretion. Okajimas Folia Anat Jpn 66: 277–282

Ito S, Winchester RJ (1963) The fine structure of the gastric mucosa 

in the bat. J Cell Biol 16: 541–577

Jiang C, McClure SF, Stoddart RW, McClure J (2004) Lectin his-

tochemistry of normal human gastric mucosa. Glycoconjugate J 

20: 367–374

Jiang X, Suzaki E, Kataoka K (2001) Immunofluorescence detection 

of gastric H+/K+-ATPase and its alterations as related to acid 



Histochemistry of Bat Parietal Cells 439

secretion. Histochem Cell Biol 117: 21–27

Kessimian N, Langner BJ, McMillan PN, Jauregui HO (1986) Lectin 

binding to parietal cells of human gastric mucosa. J Histochem 

Cytochem 34: 237–243

Liquori GE, Ferri D, Scillitani G (2000) Fine structure of the oxyntico-

peptic cells in the gastric glands of the ruin lizard, Podarcis 

sicula campestris (De Betta, 1857). J Morphol 243: 167–171

Liquori GE, Scillitani G, Mastrodonato M, Ferri D (2002) Histochemi-

cal investigations on the secretory cells in the oesophagogastric 

tract of the Eurasian green toad, Bufo viridis. Histochem J 34: 

517–524

Lotan R, Sharon N (1978) Peanut (Arachis hypogaea) agglutinin. 

Methods Enzymol 50: 361–367

Lueth M, Sturegård E, Sjunnesson H, Wadström T, Schumacher U 

(2005) Lectin histochemistry of the gastric mucosa in normal 

and Helicobacter pylori infected guinea-pigs. J Mol Histol 36: 

51–58

Machado-Santos C, Nascimento AA, Peracchi AL, Mikalauskas JS, 

Rocha PA, Sales A (2009) Distributions of the endocrine cells in 

the gastrointestinal tract of nectarivorous and sanguivorous 

bats: a comparative immunocytochemical study. Tissue Cell 41: 

222–229

Madrid JF, Leis O, Díaz-Flores L, Sáez FJ, Hernández F (1998) 

Lectin-gold localization of fucose residues in human gastric 

mucosa. J Histochem Cytochem 46: 1311–1320

Mastrodonato M, Calamita G, Rossi R, Scillitani G, Liquori GE, Ferri 

D (2009) Expression of H+,K+-ATPase and glycopattern analy-

sis in the gastric glands of Rana esculenta. J Histochem 

Cytochem 57: 215–225

Miller ML, Judd LM, Van Driel IR, Andringa A, Flagella M, Bell SM, 

Schultheis PJ, Spicer Z, Shull GE (2002) The unique ultrastruc-

ture of secretory membranes in gastric parietal cells depends 

upon the presence of H+, K+-ATPase. Cell Tissue Res 309: 

369–380

Monsigny M, Roch AC, Serre C, Maget-Dana R, Delmotte F (1980) 

Sugar-lectin interactions: how does wheat-germ agglutinin bind 

sialoglycoconjugates? Eur J Biochem 104: 147–153

Neuweiler G, Covey E (2000) Biology of Bats. Oxford University 

Press, New York

Ogata T (1997) Gastric oxyntic cell structure as related to secretory 

activity. Histol Histopathol 12: 739–754

Okamoto CT, Forte JG (1988) Distribution of lectin-binding sites in 

oxyntic and chief cells of isolated rabbit gastric glands. Gastro-

enterology 95: 334–342

Ono K, Katsuyama T, Hotchi M (1983) Histochemical applications of 

mild alkaline hydrolysis for selective elimination of O-glycosidically 

linked glycoproteins. Stain Technol 58: 309–312

Peschke P, Kuhlmann WD, Wurster K (1983) Histological detection 

of lectin-binding sites in human gastrointestinal mucosa. Expe-

rientia 39: 286–287

Scarff KL, Judd LM, Toh BH, Gleeson PA, Van Driel IR (1999) Gas-

tric H+,K+-adenosine triphosphatase β subunit is required for 

normal function, development, and membrane structure of 

mouse parietal cells. Gastroenterology 117: 605–618

Scillitani G, Zizza S, Liquori GE, Ferri D (2005) Histochemical and 

immunohistochemical evidence for a gradient in gastric juice 

production in the greater horseshoe bat, Rhinolophus 

ferrumequinum (Schreber, 1774). Acta Chiropterol 7: 301–308

Scillitani G, Zizza S, Liquori GE, Ferri D (2007) Lectin histochemistry 

of gastrointestinal glycoconjugates in the greater horseshoe 

bat, Rhinolophus ferrumequinum (Schreber, 1774). Acta 

Histochem 109: 347–357

Shin JM, Munson K, Vagin O, Sachs G (2009) The gastric HK-

ATPase: structure, function, and inhibition. Pflugers Arch 457: 

609–622

Sommer U, Rehn B, Kressin M (2001) Light and electron micro-

scopic investigation of the lectin-binding pattern in the oxyntic 

gland region of bovine abomasum. Ann Anat 183: 135–143

Spicer SS, Schulte BA (1992) Diversity of cell glycoconjugates 

shown histochemically: a perspective. J Histochem Cytochem 

40: 1–38

Spicer SS, Katsuyama T, Sannes PL (1978) Ultrastructural carbohy-

drate cytochemistry of gastric epithelium. Histochem J 10: 309–

331

Stewart LA, van Driel IR, Toh BH, Gleeson PA (1999) Species-

specific distribution of alpha-galactosyl epitopes on the gastric 

H/K ATPase beta-subunit: relevance to the binding of human 

anti-parietal cell autoantibodies. Glycobiology 9: 601–606

Suganuma T, Tsuyama S, Suzuki S, Murata F (1984) Lectin-

peroxidase reactivity in rat gastric mucosa. Arch Histol Jpn 47: 

197–207

Tyagarajan K, Townsend RR, Forte JG (1996) The β-subunit of the 

rabbit H,K-ATPase: a glycoprotein with all terminal lactosamine 

units capped with α-linked galactose residues. Biochemistry 35: 

3238–3246

Tyagarajan K, Lipniunas PH, Townsend RR, Forte JG (1997) The N-

linked oligosaccharides of the β-subunit of rabbit gastric H,K-

ATPase: site localization and identification of novel structures. 

Biochemistry 36: 10200–10212

Vagin O, Turdikulova S, Sachs G (2004) The H,K-ATPase β subunit 

as a model to study the role of N-glycosylation in membrane 

trafficking and apical sorting. J Biol Chem 279: 39026–39034

Vagin O, Turdikulova S, Tokhtaeva E (2007) Polarized membrane 

distribution of potassium-dependent ion pumps in epithelial 

cells: different roles of the N-glycans of their beta subunits. Cell 

Biochem Biophys 47: 376–391

Wood C, Kabat EA, Murphy LA, Goldstein IJ (1979) Immunochemi-

cal studies of the combining sites of the two isolectins, A4 and 

B4, isolated from Bandeiraea simplicifolia. Arch Biochem 

Biophys 198: 1–11

(Received May 22, 2009 / Accepted December 15, 2009)


