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Abstract 

A mouse monoclonal antibody has been used to localize Na ÷/K+-ATPase in the bovine corneal endothelium. The specificity 
of the antibody was demonstrated by reaction with a single protein of molecular mass 100 kDa on Western blots and 
immunoprecipitation of a complex consisting of 100 kDa and 50 kDa subunits. Treatment of the immunoprecipitated antigen 
with Peptide N-Glycanase F produced no change in the molecular mass of the 100 kDa protein, but resulted in a progressive 
decrease in the molecular mass of the 50 kDa subunit, to yield a core protein of molecular mass about 33 kDa. The pattern of 
deglycosylation suggested the presence of three N-linked glycans attached to the 33 kDa protein core. These results were 
consistent with the antibody being specific for the a subunit of the Na+/K+-ATPase. Immunocytochemical studies at the light 
and electron microscopic level demonstrated antibody binding to both the basal and lateral membranes of bovine corneal 
endothelial cells. This suggested a baso-lateral distribution of Na÷/K+-ATPase in these cells, rather than the previously 
proposed lateral membrane-only distribution. 
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1. Introduction 

The Na+/K+-ATPase  (EC 3.6.1.3.) is the mem- 
brane-bound enzyme responsible for the production of 
Na ÷ and K ÷ gradients across cell membranes. In the 
corneal endothelium, the activity of the N a + / K  ÷- 
ATPase has been shown to be essential for the mainte- 
nance of corneal stromal hydration [1]. The Na ÷ and 
K + gradients are believed to facilitate the active 
translocation of HCO 3 ions across the endothelial cell 
layer, from the corneal stroma towards the aqueous 
humour. This bicarbonate ion 'pump'  is thought to 
lower the osmotic potential in the stroma, thereby 
countering the innate tendency of the corneal stroma 
to imbibe water and swell [2-4]. Although a number of 
models of endothelial ion transport have been pro- 
posed, non have become generally accepted, and the 
nature of the coupling between the movement of 
HCO 3 and other  ions remains unresolved. 
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The Na+/K+-ATPase  is composed of two distinct 
subunits (a  and /3), thought to exist as a tetramer 
(a2/32) [5], although a number of other stoichiometries 
have been proposed [6]. The a subunit (molecular 
mass about 100 kDa) possesses the ouabain and ATP- 
binding sites, whilst the /3 subunit (molecular mass 
about 50 kDa) is believed to be involved in the correct 
insertion and stability of the a/3 complex in the plasma 
membrane [7,8]. 

Three  isoforms of both the a ( a l ,  a2  and a3)  and/3 
subunit (/31, /32 and /33) have been recognized [9,10], 
although the significance of the different isoforms has 
yet to be elucidated. The /32  isoform has recently been 
shown to be analogous to an adhesion molecule known 
as A M O G  (adhesion molecule on glia) which can be 
found in the absence of an a subunit [11]. Monoclonal 
and polyclonal antibodies have been raised to all three 
Na+/K+-ATPase  a subunits [9] and to two of the /3 
subunits [12,13]. 

In the present study, a monoclonal antibody was 
characterized and used to assess the distribution of 
Na+/K+-ATPase  in the bovine corneal endothelium. 
The localization of (Na + K)-ATPase is considered here 
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as the first step in the formulation of models of en- 
dothelial ion transport. 

This work has appeared in abstract form [14]. 

2. Materials and methods 

2.1. Reagents and chemicals 

Ouabain, diaminobenzidine tetrahydrochloride, 
nickel chloride, Tween 20, polyoxyethylene 10-1auryl 
ether, sodium dodecylsulfate, Triton X-100 and molec- 
ular weight markers were from Sigma (Poole, UK). 
EDTA was from Boehringer-Mannheim, Germany. 
Peptide N-glycanase F was from Calbiochem (Not- 
tingham, UK). All other reagents were from BDH 
Chemicals, (Poole, UK) unless otherwise stated. 

2.2. Source o f  antibody 

A sample of ascites fluid containing an IgGlx mouse 
monoclonal antibody raised against purified Na÷/K +- 
ATPase from canine kidney, was generously donated 
by Dr. M. Caplan, Department of Cellular and Molec- 
ular Physiology, Yale University. This antibody has 
recently been described in the literature [15], where 
antibody specificity was demonstrated using an im- 
munofluorescence staining technique. 

2.3. Western blotting 

Western blotting was performed against whole cell 
homogenates of bovine kidney or corneal endothelial 
cells, or against Na+/K+-ATPase samples purified by 
the method of Jorgensen [16]. Tissue was homogenized 
with ten strokes of a tight-fitting glass-teflon homoge- 
nizer and the supernatants solubilized for SDS-PAGE 
with 2% (w/v) SDS and i% (w/v) dithiothreitol (DTT). 
Samples were heated for 30 min at 50°C (higher solubi- 
lization temperatures were avoided [17]), and run on 
7.5% gels using the buffer system of Laemmli [18]. 
Gels were blotted onto nitrocellulose and blocked 
overnight in 'blocking solution', consisting of 1% (w/v) 
bovine serum albumin (BSA), 1% teleostean gelatin 
and 0.1% Tween 20 in PBS (20 mM phosphate-buffered 
saline, pH 7.4). 

Blots were incubated overnight with 10/xg/ml mon- 
oclonal antibody in blocking solution, followed by a 2-h 
incubation with an anti-mouse IgG peroxidase conju- 
gate (Sigma) and development with diaminobenzidine 
(DAB) plus NiCI 2 [19]. 

Attempts were made to separate the ot and 'or + '  
isoforms of cerebral cortex Na+/K+-ATPase a sub- 
units using low percentage SDS-gels, exactly as de- 
scribed by Sweadner [20]. The 'or + '  form, which mi- 
grates more slowly than the 'a '  form on these low 

percentage gels is thought to represent a mixture of the 
a2 and or3 isoforms, whereas the 'a '  form is thought to 
contain solely the od (kidney) isoform. For this tech- 
nique, microsomal membrane preparations from bovine 
and porcine kidney, and porcine brain were separated 
on 6% gels [20]. Blotting and immunostaining were 
repeated as above. 

2.4. Immunoprecipitation 

It was essential to solubilize Na÷/K+-ATPase to 
allow efficient immunoprecipitation, however it was 
desirable to maintain the integrity of the a/3 complex 
throughout the solubilization and immunoprecipitation 
procedures, aft integrity was assessed using an enzyme 
assay [21] for Na+/K÷-ATPase activity after solubiliza- 
tion with different types and concentrations of deter- 
gent. In the chosen procedure, microsomal samples (1 
mg/ml  final protein concentration, in PBS) were pre- 
incubated for 30 min at room temperature with SDS at 
0.01% (w/v) final concentration. The samples were 
then diluted with an equal volume of polyoxyethylene 
10-1auryl ether (C12E10) solution in PBS [22] and incu- 
bated at room temperature for 1 h. Non-solubilized 
material was pelleted by centrifugation at 100 000 x g 
for 30 min at 4°C. At 0.2% (v/v) final concentration, 
C12E10 solubilized 70% of bovine microsomal mem- 
brane proteins, whilst retaining Na+/K+-ATPase en- 
zyme activity (Figs. 1 and 2). 
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Fig. 1. Effect of polyoxyethylene (C12E10) concentration on the 
solubilization of microsomal membrane proteins. Cortical micro- 
somes from bovine kidney (1 mg/ml) were incubated for 30 min with 
0.01% (w/v) SDS in PBS and then diluted to 0.5 mg/ml with C12Elo 
solution and incubated for 60 min at room temperature. Soluble 
protein was recovered in the supernatant after centrifugation at 
100000× g for 30 min. 
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Fig. 2. Effect of polyoxyethylene (CI2EI0) concentration on the 
Na+/K+-ATPase activity of solubilized microsomal membrane pro- 
teins. Solubilized proteins were prepared as described in the legend 
of Fig. 1 and assayed for ATPase activity as described. Symbols; n, 
ouabain-sensitive ATPase activity; II, total ATPase activity minus 
ouabain-sensitive ATPase activity. 

The solubilized membrane proteins were biotinyl- 
ated prior to imrnunoprecipitation to allow recognition 
during later analysis. A 10% solution of BSA was 
added to the solubilized microsomes (0.33-0.37 rag/ml 
protein) to a final concentration of 1 mg/ml,  such that 
it became the most abundant protein present in the 
sample. The solution was then cooled on ice and 
protein amino groups were biotinylated with 0.5 rag/ml 
sulfo-NHS-biotin (Pierce) as described by Sargiacomo 
[23]. In preliminary experiments it was demonstrated 
that biotinylation occurred to apparently all proteins 
present in the sample and that biotinylation continued 
for at least 3 h under the conditions described above 
(data not shown). 

Biotinylation was generally conducted for 60 min, 
and then stopped by the addition of 1 M Tris, 1 M 
glycine-HCl buffer (pH 7.5), to a final concentration of 
20 mM Tris and glycine. The sample was then dialysed 
against three 1 h changes of 20 mM Tris, 20 mM 
glycine-HCl, pH 7.5 at room temperature. Polyclonal 
anti-mouse (IgG and IgM specific) antibodies (Sigma) 
were coupled to CNBr-activated Sepharose 4B (Fluka) 
by the method of Porath [24]. These antibody-beads 
were blocked for 1 h, in 'blocking solution' (see above) 
and then with a solution of solubilized microsomal 
membrane proteins (plus 1 mg/ml  BSA) prior to the 
biotinylation step. After 3 h of this blocking incubation, 

the beads were gently pelleted and the supernatant 
containing the microsomes was removed (ready for 
biotinylation). 

The biotinylated microsome/BSA sample was incu- 
bated (for 3 h)with an aliquot of anti-Na+/K+-ATPase 
monoclonal antibody at a final antibody concentration 
of 200 nM. Inappropriate (IgG and IgM) monoclonal 
antibodies were used at the same molar concentration 
in control incubations with biotinylated microsomes. 

After the incubation, the antibody-antigen mixture 
was incubated with a sample of the anti-mouse beads 
for 3 h (0.75 ml packed bead volume plus 4 ml of 
antibody-antigen solution). The beads were washed 
with six 50 ml rinses of PBS and then eluted with 1 ml 
of 200 mM glycine-buffered saline (pH 2.5). The eluent 
was either analyzed by SDS-PAGE or used for degly- 
cosylation experiments. 

For SDS-PAGE analysis, samples were solubilized 
with a solution of 20% (w/v) SDS, 10% (w/v) dithio- 
threitol and 0.1 mg/ml  Bromophenol blue in 500 mM 
Tris-HCl (pH 6.8), to give final concentrations of 2% 
SDS, 1% DTT and 50 mM Tris. The samples were 
heated at 50°C for 30 min and run on a 7.5% gel as 
described above. After Western blotting, the blot was 
blocked overnight in 'blocking solution' and then incu- 
bated for 2 h at room temperature with 2 /~g/ml 
Extravidin peroxidase conjugate (Sigma). The blot was 
rinsed three times 30 min in Tris-buffered saline (pH 
7.6) (TBS) and then developed with DAB/NiC12. 

2.5. Deglycosylation 

Peptide N-Glycanase F (PNGase F) was chosen for 
deglycosylation studies since it has been shown to fully 
deglycosylate the Na+/K+-ATPase /3 subunit [12,13]. 
The immunoprecipitated 'prospective a/3' protein 
complex was incubated with a serial dilution of the 
glycosidase in a medium having the final composition: 
Tris, 100 mM; EDTA, 37.5 raM; glycine, 100 mM; 
NaCI, 75 mM; SDS, 0.2% (w/v); Triton X-100, 0.2% 
(v/v); DTI ~, 0.2% (w/v) (pH 8.0). 

The incubation was carried out for 16 h at 37°C, 
after which samples were solubilized and analyzed by 
Western blotting as described above. The blot was 
stained with Extravidin peroxidase (as above) to 
demonstrate the molecular weight of biotinylated pro- 
teins. 

2.6. E n z y m e  assays 

Na÷/K+-ATPase enzyme activity was estimated us- 
ing an NADH-coupled reaction based on that de- 
scribed by Barnett [21]. Assays were carried out at 25°C 
in the presence and absence of 0.1 mM ouabain. For 
C12E10-solubilized proteins, the enzyme activity was 
found to gradually decrease with time a t  25°C. This 
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inactivation was found to be more rapid the higher the 
temperature [22,25]. 

2. 7. Protein assays 

Protein was estimated by the method of Bradford 
[26], although this method proved non-quantitative for 
insoluble membrane protein suspensions. 

2.8. Immunocytochemical staining 

Bovine eyes were obtained from a local abattoir and 
transported to the laboratory in a 'cool box'. The 
cornea and a 1-2 mm rim of sclera were dissected 
from an eye and rinsed gently in Hepes-buffered Ringer 
solution [27]. A sheet of endothelial cells was then 
removed by carefully scraping the posterior corneal 
surface with a plastic spatula. The intact cell sheet was 
shaken off the spatula into a 10 ml capacity glass 
beaker containing 2 ml of Ringer solution. A further 
nine eyes were treated similarly to obtain sufficient cell 
sheets for each immunolabelling experiment. 

The cell sheets were fixed for 15 min at room 
temperature with the periodate-lysine-paraformal- 
dehyde (PLP) fixative of McLean and Nakane [28] and 
then 'blocked' for 60 min with a solution of 1% (w/v) 
BSA in Ringer solution. After this blocking period, an 
aliquot of monoclonal antibody (20 ~g protein) was 
added to the incubation solution and left to incubate 
for a further 60 min period, with gentle agitation. 
Control incubations were performed with inappropri- 
ate primary antibodies or following the omission of the 
primary antibody. 

The cell sheets were rinsed six times with 10 ml of 
Ringer-l% BSA solution, by exchanging incubation 
solutions with a Pasteur pipette. Care was taken not to 
fragment the cell sheets during rinsing. The cells (in 4 
ml Ringer solution) were then incubated for 1 h with a 
1:200 dilution of anti-mouse IgG peroxidase antibodies 
(Sigma). After six further rinsing steps, bound peroxi- 
dase molecules were 'developed' using 0.5 mg/ml  DAB 
and 0.003% (v/v) H20 z in Ringer solution, for 5 min. 
The DAB solution was removed using five times 5 min 
rinses with 100 mM sodium phosphate buffer (pH 7.4). 
At this stage of processing, some cells were taken for 
examination under the light microscope, whilst the 
remaining cell sheets were post-fixed with 1% (w/v) 
osmium tetroxide (OSO4) for 30 rain (to increase the 
electron density of the DAB deposits). The cell sheets 
were rinsed again and then dehydrated with ethanol 
and embedded in 'LR White Resin' (London Resin, 
Basingstoke, UK) following established methods [29]. 
Sections of the embedded cells (100 nm thick) were 
examined without post-staining in a Jeol transmission 
electron microscope. 

3. Results 

3.1. Western blotting 

The prospective anti-Na+/K+-ATPase monoclonal 
antibody detected a single immunoreactive band on 
Western blots of whole cell homogenates and samples 
of purified Na+/K+-ATPase. The antibody cross-re- 
acted with proteins from dog, pig, ox, rabbit and rat 
kidney. In aU cases the immunoreactive protein had an 
apparent molecular mass of about 100 kDa. Gels in 
which the a and a + isoforms from porcine cerebral 
cortex would have been expected to be separated pro- 
duced only a single immunoreactive band and not a 
doublet. This immunoreactive band co-migrated with 
the a l  (kidney) protein, suggesting that the antibody 
detected only the e l  Na+/K+-ATPase a subunit iso- 
form (Fig. 3). No antibody which could detect both a 
and a + isoforms was available and so a positive 
control could not be run to confirm that the a / a  + 
isoforms had indeed been separated. 

3.2. Immunoprecipitation 

Immunoprecipitation experiments provided the 
strongest evidence that the antibody was specific for 
the Na+/K+-ATPase. In this work a novel approach 
was taken, in that proteins were tagged with a biotin 
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Fig. 3. Western blotting with the prospective anti-Na+/K+-ATPase 
monoclonal antibody. Microsomal preparations from porcine kidney 
(lane 1), porcine cerebral cortex (lanes 2and4) and bovine kidney 
(lane 3) were separated on a 6% gel under conditions designed to 
separate the a and a + isoforms, as described by Sweadner (20). 
Western blotted proteins were detected with the monoclonal anti- 
body and labelled with a peroxidase-based detection system. 
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label, rather than a radiolabel prior to immunoprecip- 
itation. Solubilization with the non-ionic detergent 
C12E10 (after opening sealed membrane vesicles with a 
low concentration SDS incubation) produced enzymati- 
cally active preparations in which 70% of the starting 
material had been solubilized (Figs. 1 and 2). Microso- 
mal samples for these experiments were prepared from 
renal tissue of predominantly cortical origin: if solely 
medullary tissue was used then the Na+/K+-ATPase a 
subunit was found to be one of the most highly concen- 
trated proteins present, thus potentially biasing future 
immunoprecipitation results. 

The prospective anti-Na+/K+-ATPase antibody im- 
munoprecipitated a dimeric protein complex consisting 
of subunits with apparent molecular masses 99.6 -t- 1.7 
kDa and 51.2 + 0.5 kDa (n = 8, mean + S.E.) (Fig. 4). 
Antibodies to proteins not present in the sample were 
themselves immunoprecipitated (as seen when Western 
blots were stained with general protein stains), but they 
did not co-precipitate any detectable (biotinylated) 
antigen. Similarly, omission of the primary antibody 
prevented the immunoprecipitation of any biotinylated 
proteins. 

3.3. Deglycosylation 

Deglycosylation of the anti-Na+/K+-ATPase anti- 
body antigen with PNGase F produced a pattern char- 
acteristic of /3 subunit deglycosylation (not shown) 
whilst the molecular mass of the prospective t~ subunit 
remained constant. The PNGase F treatment reduced 
the molecular mass of the prospective /3 subunit from 
-- 50 kDa to 33 + 1 kDa (mean ___ S.E., n = 3) through 
the loss of three N-linked glycans (each oligosaccha- 
ride having a molecular mass of ---7 kDa). These 
molecular masses and the degree of glycosylation are 
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Fig. 4. ]mmunoprecipitation of biotinylated microsomal membrane 
proteins. Cortical microsomes from bovine kidney were solubilized 
and biotinylated as described under Materials and methods. Samples 
were then incubated for 3 h with primary antibodies as follows: lanes 
1, no antibody; lanes 2, an anti-cytokeratin IgG, AE1/AE3 (Boeh- 
ringer-Mannheim, Germany); lanes 3, the prospective anti- 
Na+/K+-ATPase IgG, and lanes 4, a partially characterized IgM, 
'NAKA 61B3'. The samples were then immunoprecipitated using an 
anti-mouse affinity support. For each antibody tested, three samples 
(M, W and E) were analyzed (by SDS-PAGE, Western blotting and 
staining for biotin). Lanes M contained samples of the biotinylated 
microsomes, lanes W contained samples from the 'final rinse' solu- 
tion (used just prior to low pH elution) and lanes E contained the 
immunoprecipitated protein (eluents). Note the immunoprecipitation 
of 100 kDa and 50 kDa proteins by the anti-Na÷/K+-ATPase 
antibody. 

those that would be expected for the Na+/K+-ATPase 
/3 subunit [12,13,17]. 

3.4. Immunocytochemistry 

Preliminary experiments on sections of (unfixed) 
renal tissue demonstrated a strong labelling of cortical 
and medullary tubules (not shown). The antibody failed 

A B C 
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Fig. 5. Light microscopic immunocytochemical localization of anti-Na+/K+-ATPase antibody binding to bovine corneal endothelial cells. (A) 
Phase contrast image of non-immunostained bovine corneal endothelial cells, immediately after removal from Descemet's membrane. The 
'hexagonal mosaic' appearance is evident when focusing on the apical surface of the cells. (B) Control for immunostaining. Bright field 
appearance of endothelial cells after omission of the anti-Na+/K+-ATPase antibody. Only diffuse background staining is apparent. (C) Bright 
field image of endothelial cells immunostained with the anti-Na+/K÷-ATPase antibody, as described in Materials and methods. A high level of 
staining is evident along lateral membranes. (Magnification bar = 50/~m.) 



to react with tissue which had been fixed with glu- 
taraldehyde, a feature of most ant i -Na+/K÷-ATPase a 
subunit-specific monoclonal antibodies [30]. Further- 
more, even the PLP fixative, which is usually tolerated 
[31-33] without destroying 'antigenicity', could only be 

A 

used for up to about 1 h (at room temperature) without 
abolishing immunostaining. This prevented high-reso- 
lution antibody labelling of renal tissue (as a further 
indicator of antibody specificity) since antigenicity could 
only be maintained at the expense of tissue ultrastruc- 

C 
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B 

Fig. 6. Electron microscopic immunocytochemical localization of anti-Na+/K÷-ATPase antibody binding to corneal endothelial cells. Cells 
labelled as described under Materials and methods. Cell sheets viewed in transverse-section (A, B and C) demonstrated electron dense reaction 
product deposition most strongly along basal membranes (arrowheads) and to a lesser degree along lateral membranes. (Magnification bars = 1 
~m.) 
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ture. Attempts at post-embedding immunocytochem- 
istry on plastic-embedded tissue also proved unsuccess- 
ful, even when tissue was prepared without fixation (by 
freeze-drying or freeze-substitution). 

Fortunately, the antibody was shown to recognize an 
extracellular epitope, as demonstrated by the approach 
of Ovchinnikov [34] and hence this strategy was used in 
the labelling of corneal endothelial cell preparations. 

Endothelial cells could be removed from their base- 
ment (Descemet's) membrane, allowing access for the 
antibodies to the basal as well as lateral and apical 
membranes. Cells immuno-labelled with the antibody 
in this manner demonstrated strong labelling of the 
lateral cell membranes, when the cells were viewed 
with the light microscope (Fig. 5). Ceils viewed in 
transverse-section with the electron microscope showed 
that immuno-labelling of the basal membrane was also 
present (Fig. 6). 

4. Discussion 

4.1. Characterization of the monoclonal antibody 

The antibody used in this study reacted with a single 
protein of molecular mass approx. 100 kDa on Western 
blots of whole cell homogenates. In blots of Na+/K ÷- 
ATPase purified by the method of Jorgensen [16], a 
protein co-migrating with the a subunit was immunos- 
tained. This suggested that the antibody was specific 
for the Na+/K+-ATPase a subunit. 

The antigen complex bound by the antibody was 
then analyzed to provide further evidence of speci- 
ficity. The antigen was found to exist as a dimeric 
protein complex, the 100 kDa protein and a 50 kDa 
subsidiary. Deglycosylation with PNGase F suggested 
that the 100 kDa protein was not N-glycosylated, but 
that the 50 kDa protein contained three N-linked 
oligosaccharides attached to a 33 kDa protein core. 
Although active Na+/K+-ATPase was not recovered 
by the immunoprecipitation procedure (due to the 
C12E10 solubilization and the incubations at room tem- 
perature), these data are consistent with the antibody 
being specific for the Na+/K+-ATPase. 

A previous study in which COS-1 cells were trans- 
fected with either a l ,  a2 or a3 Na+/K+-ATPase a 
subunit cDNA [15] also found this antibody to be 
specific for cells expressing the a l  isoform. 

4.2. Na +/  K +-ATPase localization in corneal endothelial 
cells 

When corneal endothelial cells were immunolabeled 
with the anti-Na+/K+-ATPase antibody and then 
viewed under the light microscope, strong levels of 

staining were seen along lateral cell membranes. When 
the cells were viewed in transverse section under the 
electron microscope, this lateral membrane staining 
was often difficult to discern. Conversely, basal mem- 
branes showed strong levels of staining when viewed 
under the electron microscope. The dissimilarity in the 
level of immunolabeling of the basal and lateral mem- 
branes probably reflects an artifact of the experimental 
technique, rather than a difference in the amount of 
Na+/K+-ATPase a subunit protein contained in the 
two membrane domains. Although antibodies would 
have had free access to the apical and basal mem- 
branes of endothelial cells during the primary and 
secondary antibody incubations, the access of antibod- 
ies to the lateral membranes would have been sterically 
hindered. This would have led to (the observed) lower 
levels of staining on lateral membranes compared to 
basal membranes. 

Previous attempts to localize Na+/K+-ATPase in 
the corneal endothelium have used histochemical 
methods [35-37]. In these techniques Na+/K+-ATPase 
is localized by virtue of its p-nitrophenyl phosphatase 
(p-NPPase) activity. In these earlier studies, histo- 
chemical incubations were performed on relatively thick 
sections of fresh or fixed/frozen tissue, without first 
removing the endothelial cell layer from Descemet's 
membrane. Reaction product was confined to the lat- 
eral membrane only, the apical and basal membranes 
appearing to possess no Na+/K+-ATPase enzyme ac- 
tivity. 

In view of the baso-lateral localization of Na+/K +- 
ATPase immunoreactivity established during the pre- 
sent study, it seems possible that the apparent lack of 
basal membrane staining encountered in earlier studies 
was due to reduced access of reagents to enzyme sites 
located on the basal cell membrane, due to the pres- 
ence of Descemet's membrane. It is possible that the 
contact between the endothelial cells and their base- 
ment membrane provided a barrier to the diffusional 
access of these reagents, but that when access is pro- 
vided (to antibodies) by removing the cells from De- 
scemet's membrane, then the pump sites may be la- 
belled. 

The baso-lateral distribution of Na+/K+-ATPase 
found in the present study is unexceptional. Although 
a minority of polarized epithelia appear to possess an 
apical-only Na+/K+-ATPase distribution [30], rather 
than the usual baso-lateral distribution, the corneal 
endothelium was the only tissue in which a 'lateral 
membrane-only' distribution of Na+/K+-ATPase had 
been proposed. 

When taken in conjunction with the evidence that 
no net movement of sodium occurs across the corneal 
endothelium under short-circuit conditions [38], this 
work suggests that all sodium-coupled transport takes 
place across the baso-lateral membrane. 



134 J.A. Guggenheim, S.A. Hod.son/Biochimica et Biophysica Acta 1189 (1994) 127-134 

Acknowledgement 

The authors wish to thank Dr. M. Caplan for his 
generous donation of the antibody sample. This work 
was supported by grants from the Wellcome Trust and 
SERC. 

References 

[1] Trenberth, S.M. and Mishima, S. (1968) Invest. Ophthalmol. 7, 
44-52. 

[2] Hodson, S.A. (1971) Exp. Eye Res. 11, 20-29. 
[3] Hodson, S.A. and Miller, F. (1976) J. Physiol. 263, 563-577. 
[4] Tuft, S.J. and Coster, D.J. (1990) Eye 4, 389-424. 
[5] Lane, L.K., Copenhaver, J.H., Lindenmayer, G.E. and Schwartz, 

A. (1973) J. Biol. Chem. 248, 7197-7200. 
[6] Jorgensen, P.L. (1982) Biochim. Biophys. Acta 694, 27-68. 
[7] Noguchi, S., Higashi, K. and Kawamura, M. (1990) J. Biol. 

Chem. 265, 15991-15995. 
[8] Nelson, W.J., Shore, E.M., Wang, A.Z. and Hammerton, R.W. 

(1990) J. Cell Biol. 110, 349-37. 
[9] Sweadner, K.J. (1989) Biochim. Biophys. Acta 988, 185-220. 

[10] Jaunin, P., Horisberger, J-D., Richter, K., Good, P.J., Rossier, 
B.C. and Geering, K. (1992) J. Biol. Chem. 267, 577-585. 

[11] Gloor, S., Antonicek, H., Sweadner, K.J., Pagliusi, S., Frank, R., 
Moos, M. and Schachner, M. (1990) J. Cell Biol. 110, 165-174. 

[12] Smith, Z.D.J., Caplan, M.J., Forbush III, B. and Jamieson, J.D. 
(1987) Am. J. Physiol. 253, G99-109. 

[13] Shyjan, A.W., Gottardi, C. and Levenson, R. (1990) J. Biol. 
Chem. 265, 5166-5169. 

[14] Guggenheim, J.A. and Hodson, S.A. (1993) Invest. Ophthalmol. 
Vis. Sci. 34, 3459. 

[15] Pietrini, G., Matteoli, M., Banker, G. and Caplan, M.J. (1992) 
Proc. Natl. Acad. Sci. USA 89, 8414-8418. 

[16] Jorgensen, P.L. (1974) Biochim. Biophys. Acta 356, 36-52. 
[17] Tamkun, M.M. and Fambrough, D.M. (1986) J. Biol. Chem. 261, 

1009-1019. 

[18] Laemmli, U.K. (1970) Nature 227, 680-685. 
[19] Hsu, S.M. and Soban, E.E.. (1982) J. Histochem. Cytochem. 30, 

1079-1082. 
[20] Sweadner, K.J. (1979) J. Biol. Chem. 254, 6060-6067. 
[21] Barnett, R.E. (1970) Biochemistry 9, 4644-4648. 
[22] Esmann, M. and Skou, J.C. (1985) in The Sodium Pump, 4th 

International Conference on Na +/K+-ATPase (Glynn, I.M. and 
Ellory, C., eds.), pp. 17-21, The Company of Biologists, Cam- 
bridge. 

[23] Sargiacomo, M., Lisanti, M., Graeve, L., Le Bivic, A. and 
Rodriguez-Boulan, E. (1989) J. Membr. Biol. 107, 277-286. 

[24] Porath, J. (1974) Methods Enzymol. 104, 3-55. 
[25] Esmann, M. and Skou, J.C. (1984) Biochim. Biophys. Acta 567, 

410-420. 
[26] Bradford, M.M. (1976) Anal. Biochem. 72, 248-254. 
[27] Wigham, C.G. and Hodson, S.A. (1981) Curr. Eye Res. 1, 

37-41. 
[28] McLean, I.W. and Nakane, P.K. (1974) J. Histochem. Cytochem. 

22, 1077-1083. 
[29] Newman, G.R., Jasani, B. and Williams, E.D. (1983) Histochem. 

J. 15, 543-555. 
[30] Stahl, W.L. and Baskin, D.G. (1990) J. Histochem. Cytochem. 

38, 1099-1122. 
[31] Kashgarian, M., Biemesderfer, D., Caplan, M. and Forbush III, 

B. (1985) Kidney Int. 28, 899-913. 
[32] McGrail, K.M. and Sweadner, K.J. (1989) Eur. J. Neurosci. 2, 

170-176. 
[33] Ariyasu, R.G. and Ellisman, M.H. (1987) J. Neurocytol. 16, 

239-248. 
[34] Ovchinnikov, Y.A., Luneva, N.M., Arystarkhova, E.A., 

Gevandyan, N.M., Arzamazova, N.M., Kozhich, A.T., Nes- 
meyanov, V.A. and Modyanov, N.N. (1988) FEBS Lett. 227, 
230-234. 

[35] Leuenberger, P.M. and Novikoff, A.B. (1974) J. Cell Biol. 60, 
721-731. 

[36] Tervo, T. and Palkama, A. (1975) Exp. Eye Res. 21, 269-279. 
[37] Tervo, T., Markku, P. and Palkama, A. (1977) Cell Tiss. Res. 

176, 431-443. 
[38] Wigham, C.G. and Hodson, S.A. (1985) Curr. Eye Res. 4, 

1241-1245. 


