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Summary

The luminal cell surfaces of rabbit kidney cortical
collecting-duct cells were labelled with peanut lectin
(PNA) and investigated by scanning electron microscopy.
Labelling was performed either on 20-um-thick cryostat
sections from prefixed and cryoprotected rabbit kidney
tissue or on cultured collecting-duct epithelium using
biotinylated PNA and a 6-nm colloidal-gold-coupled anti-
body against biotin. Colloidal-gold labels were detected at
low magnification (2000-4000x) using silver enhance-
ment. Coating with chromium allowed simultaneous
imaging of both cell-surface morphology and labelling
topography in the backscattered electron imaging mode.
Our results show that PNA binding is specific for a subtype
of intercalated cells equipped with microvilli on the luminal
surface. The presented method promises to be useful for the
identification of specific cell types in heterogeneous tissues.

Introduction

The cortical collecting duct of rabbit kidney consists of
morphologically and functionally different cell types:
principal cells and intercalated cells. Principal cells are
known to reabsorb sodium and secrete potassium (Koeppen
et al., 1983). The intercalated cells are involved in the renal
regulation system of the acid-base state (Madsen & Tisher,
1983, 1984; Verlander et al., 1987; Brown et al., 1988a, b;
Ridderstrale et al., 1988; Schwartz et al., 1988; Alper et al.,
1989; Brown, 1989; Satlin & Schwartz, 1989: Schuster,
1990; Wingo et al., 1990; Madsen et al., 1991). They have
been divided into proton-secreting A cells and bicarbonate-
secreting B cells. As shown previously by scanning electron
microscopy (SEM) investigations the intercalated cells
display various cell-surface morphologies (Le Furgey &
Tisher, 1979). Four different surface patterns of the
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intercalated cells were described in rabbit kidney
(1) intercalated cells with numerous short microvilli; (2)
intercalated cells with both short and long microvilli; (3)
intercalated cells with microfolds; (4) inter-calated cells
with a combination of microvilli and micro-folds. In
addition, we found intercalated cells with microvilli cross-
linked by a dense surface coat (Herter et al., 1991).

For light microscopical observations lectin labelling is an
established tool for the detection of distinct elements in
complex tissues or for the identification of specific cell types.
In rabbit kidney, for example, fluorescein-conjugated
Dolichos biflorus—agglutinin (DBA) stains the entire collect-
ing duct (Le Hir & Dubach, 1982), whereas peanut
agglutinin (PNA) is selective for only one cell type, the
HCOj3 -secreting intercalated B cell in the cortical collecting
duct (Le Hir et al., 1982; Schwartz et al., 1985). Double
fluorescence labelling experiments using PNA and mono-
clonal antibodies against principal cells (Gilbert et al., 1990)
allowed further discrimination of the different cell types of
the cortical collecting duct at the light microscopical level.
However, using light microscopy, it is not possible to dif-
ferentiate the cell types by morphological features in com-
bination with labelling properties. Although SEM proved to
be a suitable tool for imaging the different collecting-duct
cell types, the correlation of PNA labelling with surface
morphology has not yet been shown. Thus, we investigated
the morphological features of the PN A-positive intercalated
cells in mature rabbit collecting duct and compared it with
neonatal rabbit collecting-duct cells kept in culture.

Materials and methods

Fixation of tissue samples

Kidneys of male White New Zealand rabbits (3-4kg),
anaesthetized with chloralhydrate/urethan, were fixed by
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retrograde perfusion according to Maunsbach (1966) with
a solution containing 2% paraformaldehyde, 2% polyvinyl-
pyrrolidone and 0-02% glutaraldehyde in phosphate-
buffered saline (PBS). Small sectors of kidney tissue
containing the cortical and outer medullary zone were
isolated, cryoprotected in an ascending series of glycerol
(1h in 10%, 1h in 20% and 1h in 30%), and finally
mounted onto a cork holder and frozen by plunging into
liquid propane.

Collecting duct cells in culture

Thin cortical explants from the kidney of newborn New
Zealand rabbits were mounted on sterile cell holder sets and
placed in 24-well tissue culture plates (Falcon, Becton
Dickinson, Heidelberg, Germany). The explants consisted of
a piece of capsula fibrosa with adherent collecting-duct
ampulla, S-shaped bodies and nephrogenic blastema
(Minuth, 1987). During culture of these explants in
Iscove’s modified Dulbecco’s medium (IMDM/HEPES;
Gibco-BRL Life Technologies, Germany) containing 10%
fetal calf serum, we observed growth of cells from the
collecting-duct ampulla. Within 24 h of culture the entire
surface of the explant was completely covered by a single
layer of collecting-duct epithelium. Preculture was carried
out in a Heraeus tissue incubator (Hanau, Germany) at
37°C, in a humified atmosphere containing 5% C0,/95%
air.

To mimic the in vitro situation of the kidney, cell cultures
were maintained with permanent superfusion of fresh
medium (Minuth et al., 1992ab). The perfusion cell
culture was started by mounting the working line,
consisting of two bottles and a specific cell culture
container (Minucells and Minutissue, Bad Albach, Ger-
many). The cell holder sets with the collecting-duct
epithelium were placed in the cell culture container with
sterile forceps. The container is placed on a 37°C heating
plate and connected to a continuous medium supply of
1ml/h by a roller pump. IMDM/HEPES was used as the
basal control medium; aldosterone (1 x 1077 m), arginine
vasopressin (1 x 10~®m) and insulin (1 x 107% M) were
added in various combinations to the different experimental
series. All hormones were obtained from Sigma (Deisenho-
fen, Germany). The superfusion of cultures with medium
and the application of the different hormones was started
24 h after preparing the cultures. Total culture time was 14
days (1 day of preculture, 13 days of perfusion culture).
Finally, the cultured cells were fixed for 30 min with 2%
paraformaldehyde and 0-02% glutaraldehyde in PBS.

Labelling

Labelling was performed on tissue sections and on cultured
collecting-duct epithelia according to the following incu-
bation protocol (modified from Tommassen et al., 1985).

Cryostat sections 20 ym thick were mounted by thawing on
gelatin-coated Thermanox slides. The following incubation
protocol for PNA labelling was used.

1 Treat with PBS—glycine (50mmM glycine in PBS) for
15 min.

2 Wash twice with PBG (0-2% gelatine and 0:5% BSA in
PBS) for 10 min.

3 Treat with biotinylated PNA, diluted 1: 20 in PBG-C

(0-2% gelatine and 0-5% BSA-C in PBS), for 1h.

Wash twice with PBG.

Treat with goat—anti-biotin 6-nm gold conjugate, diluted

1:20 in PBG-C, for 1h.

Wash twice with distilled water.

Postfix for 5min in 2% glutaraldehyde in PBS.

Silver enhancement for 5 min.

Wash twice with distilled water.
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A commercially available silver-enhancing kit (Aurion) was
used which consisted of two components, initiator and
enhancer. Equal proportions of both components were
mixed shortly before application. For light microscopical
investigations a silver-enhancement time of 20min was
employed. Fluorescence labelling was performed using
PBS-glycine and PBG for blocking unspecific binding
sites, followed by a 30-min incubation with PNA/FITC
diluted 1 : 50 in PBG.

Biotinylated PNA and FITC-coupled PNA were obtained
from Sigma, and BSA-C, goat—anti-biotin gold and the
silver-enhancement system were obtained from Aurion.

For control experiments the lectin—biotin incubation step
was omitted.

Dehydration

PNA-labelled samples, either sections on thermanox-slides
or cultured collecting-duct cells on the capsula fibrosa, were
dehydrated in an ascending ethanol series and then critical-
point dried.

Coating

For SEM investigations the dried tissue sections were coated
with 20 nm of carbon by electron-gun evaporation using a
Balzers BAF 300 coating unit.

Cultured cells were sputter-coated with a 3-nm chro-
mium layer using the sputter device of a Balzers SCU 020.

Scanning electron microscopy

Samples were studied with an Hitachi S-800 SEM equipped
with an annular single-crystal backscattered electron
detector (Autrata et al., 1986). The cell-surface mor-
phology of tissue sections was imaged by secondary
electrons (SE). The corresponding distribution of silver-
enhanced colloidal-gold labels was detected by back-















technique which reveals the distinct labelling of epithelial
cell surfaces in kidney tissue.

The collecting-duct epithelium is composed of morpho-
logically and functionally different cell types. Thus far it has
not been possible to correlate the PNA binding of collecting-
duct cells to the morphological classification. Qur approach
was to identify unambiguously the PNA-positive cell type
within the luminal surface of the cortical collecting duct. In
our experience, PNA labelling of large (1-5-mm) tissue
specimens turned out to be inefficient, probably because of
the low accessibility of binding sites and impaired diffusion
of labelling molecules in thick tissue specimens. To
overcome these problems, we modified the well-known
preparation protocol of fluorescence labelling of cryostat
sections for SEM investigations. Labelling was performed on
cryostat sections (20 pm thick) exhibiting sufficient areas of
luminal surfaces for SEM investigations. Good preservation
of structures required the infiltration of the tissue with a
cryoprotectant (30% glycerol for 1h). As demonstrated by
the carbon-coated samples in Fig. 2(a, b), distinct gold labels
were found on all cells exhibiting microvilli on their luminal
surface. Since PNA-positive cells are considered to be B cells
(Schwartz et al., 1985, 1988; Schuster et al., 1986), our
results suggest that intercalated cells covered with any form
of microvilli are B cells, whereas intercalated cells with
microfolds are probably A cells. Directly adjacent unlabelled
and labelled cells (Fig. 2a, b) show the quality of the
labelling specifity.

The numerical proportion and the distribution of A and B
cells are influenced by alterations of the acid—base state.
Recently, Satlin & Schwartz (1989) found a loss of
functional B cells as a result of internalization and
degradation of PNA binding in response to an acidic
environment. These cellular changes could result in a
decrease in the labelling density on the luminal surface of B
cells. Regarding this question, lectin gold labelling for SEM
may be a suitable technique for the quantitative evaluation
of PNA binding sites under the influence of defined
physiological conditions.

Investigation of carbon-coated samples means that SE
and BE images must be compared. De Harven et al. (1984)
demonstrated that, on carbon-coated samples, mixing the
SE and BE signals provided efficient superposed images of
the cell-surface topography and of the coiloidal-gold
markers. Another approach to avoid dual imaging is to
employ a coating layer which yields good contrast in the
material-dependent BE signal, without interfering with the
signal from the silver-enhanced colloidal-gold labels. This is
achieved by coating the samples with a 2—3 nm chromium
layer (Fig. 3).

Chromium provides much better BE contrast than carbon
(Peters, 1985), i.e. surface structures can be imaged more
clearly. Unlike the carbon-coated samples, chromium-
coated specimens enable surface structures and colloidal
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gold labels to be visualized simultaneously in the BE mode
because there is a sufficient difference in their atomic
numbers (chromium: 24; gold: 79), i.e. gold labels can be
easily discerned from structural information. BE imaging of
chromium-coated samples reveals finer surface details than
SE imaging (Fig. 4). SE imaging reveals only surface
structures, and localization of gold labels becomes nearly
impossible. BE imaging of chromium-coated samples allows
the correlation of colloidal-gold labels to morphological
details on the cell surface. Furthermore, cell-surface
structures appear finer and thinner in the BE mode. In
particular, the difference in the thickness of the microvilli is
striking, presumably because SE are generated at the surface
of the chromium layer, whereas BE come from the bulk of
the chromium layer and the microvilli. The imaging of
small colloidal-gold particles (5 nm) requires high primary
magnification, above approximately 30 000x. However, at
this high magnification the scanned area becomes too small
for the identification of specific cell types within the
epithelial surface. Brief silver enhancement of the gold
labels facilitates the correlation of labelling features of
different cell types within a heterogeneous epithelium at low
magnification. The use of the silver enhancement system for
SEM proposed by Birrell et al. (1986), and first applied to
single cells (Scopsi et al., 1986) and cytoskeletons (Goode &
Maugel, 1987), brings about important advantages. Fast
screening of the samples to control the labelling result can
be accomplished with light microscopy using epipolariza-
tion (Fig. 1b). In SEM the enhanced particle size allows the
signal to be detected at low and high magnifications
without disturbing the identification of cell types. It is well
known that the labelling density decreases with the
increasing size of the gold conjugates. Silver enhancement
combines high labelling density of small gold particles with
an easily detectable BE signal (Namork & Heier, 1988;
Hodges & Carr, 1990; Namork 1991).

Our studies of embryonic rabbit collecting-duct cells
(Fig. 3) revealed different labelling densities on differen-
tiating cells under defined hormonal influence. Cells were
mostly differentiated when aldosterone, insulin and AVP
were applied at the same time. The use of specific cell-
surface markers in combination with our technique
provides a suitable method for the investigation of
developmental or functional differentiation processes. The
method enables the comparison of in vivo and in vitro
maturation of embryonic to adult tissue.
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