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Wall thickenings - moss protonema apical cell reaction to lead
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Abstract

Two-days-old protonemata of Funaria hygrometrica Hedw. growing in in vitro conditions were treated with 4 uM PbCl,
for 48 h. After this time grey or brown colour thickenings of the cell wall appeared in protonemata cells. They were then
localized in tip parts of apical cells. Electron microscopical (TEM) observations showed that the thickenings were
structurally connected with the wall and sometimes they included lead deposits. Cytochemically it was found that they
contained pectic polysaccharides, callose, lipid substances (probably suberin or sporopollenin) and only few cellulose.
Other compounds of cell wall, e.g. lignin and cutin were not detected.
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Introduction

Mosses are able to accumulate heavy metal ions in high
quantity (Tyler 1990). It was found for example that in
Sphagnum cells the ability to bind heavy metals in cell
wall depends on the level of pectic substances, especially
polygalacturonic acids (Clymo 1963). Among many
heavy metals present in the environment, lead has the
highest affinity to these compounds (Ernst ef al. 1992).
Cell wall in mosses contained a considerable quantity of
polygalacturonic acids (Tyler 1990). It was found that
among many moss species lead was immobilized also in
walls of Funaria hygrometrica cells (Basile et al. 1994,
Krzestowska and Wozny 1996). Numerous disturbances
caused by this element were described, e.g., inhibition of
spores germination (Krupiniska 1976, Basile et al. 1995),
protonemata growth (Krzestowska et al. 1994, Basile et
al. 1995). Moreover apical cells of protonemata treated
with lead were characterized, e.g., by swollen tips (Basile
et al. 1995), lower microtubule number and their

Materials and methods
Two-days-old protonemata of Funaria hygrometrica

Hedw. growing on the Kofler (1959) medium
supplemented with microelements according to Heller
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disturbed array - not parallel to longer axis of the cell
(Basile et al. 1995, Krzestowska 1995), absence of
exclusion zone in the top part of this cell and some
disturbances at the ultrastructural level, especially well
visible in chloroplasts (Krupinska 1976, Basile et al.
1995, Krzestowska and Wozny 1996).

The results of this study showed that in apical cells of
Funaria hygrometrica protonema treated with lead
commonly appeared some structures which were
morphologically similar to cell wall thickenings.
Moreover from our earlier studies it was known that
apical cell is also one of the main place of lead uptake
(Krzestowska and Wozny 1996). Therefore the aim of the
study was to show the morphology, ultrastructure and
composition of the thickenings. The structure and
especially chemical composition of the thickenings also
may indirectly suggest their role in cells treated with toxic
metal.

(1953) were treated with 4 uM PbCl, for 48 h inhibiting
the growth of protonemata in about 50 %.

93



M. KRZESLOWSKA, A. WOZNY

Identification of the compounds building cell wall
thickenings was carried out using specific cytochemical
methods and stainings for light and fluorescence
microscopy: calcofluor white for identification of
cellulose, aniline blue - callose, ruthenium red - pectic
polysaccharides (Fry 1994), auramine - cutin (Wedzony
1996), Sudan IV - lipid substances (cutin, suberin,

Results

In apical cells of Funaria hygrometrica protonemata
treated with lead commonly appeared (in about 60 %)
wall thickenings (Fig. 2) not present in the control
material (Fig. 1). The thickenings were localized mostly
in the tips of apical cells (called tip thickenings) which
were usually swollen. Sometimes they occurred in lateral
walls along the thread (lateral thickenings). They differed
in size, shape and colour (Fig. 2). The thickenings present
in swollen tips often occupied almost whole area of such
a tip (Figs. 4, 5, 6). In some cells they were strongly
developed and formed the structure similar to a helmet
above the protoplast. Lateral thickenings have usually
rounded shape and occupied the area less than half of the
cross section of the cell (Fig. 7). In some cases, however,
they were larger and formed an additional cross wall in
the cell. The colour of thickenings was grey or brown
(Fig. 2). In some cases brown colour did not cover the
whole area of the thickenings and was limited to the
region near the protoplast. Then the top was grey. The
differences of the thickenings colour suggested its various
chemical composition, what was confirmed by
cytochemical investigations (see later).

The study in TEM showed that both tip thickenings
and lateral ones were always structurally connected with
cell wall surrounding protoplast (Fig. 7). Their structure
was not identical with typical cell wall (Fig. 10) but rather
similar to it. In many cases tip thickenings were of
homogenic nature on the whole area (Fig. 7). However,
these ones which were brown, contained a few different
homogenic and granular areas (Fig. 8). Lateral
thickenings were homogenic or homogenic with some
number of granules (Fig. 7). All thickenings contained a
low electron density (similar to microscopical image of
callose) layer next to the plasma membrane. In some
cases this layer was wide and well visible (Fig. 9) but its
width was not the same in all observed thickenings.
Especially interesting is that the thickenings contained
lead deposits - sometimes in large quantity (Fig. 7). The
size of deposits and their number were different.

The cytochemical studies of the thickenings
composition showed that they contained compounds
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sporopollenin), floroglucine with  HCl - lignin
(Mlodzianowski and Wozny 1982). Lignin, cutin and
phenolic compounds were also identified by their
autofluorescence (Miodzianowski and Wozny 1982,
Eckey-Kaltenbach et al. 1994). The procedure of
preparing the material to observation in TEM was
described earlier (Krzestowska and Wozny 1996).

typical for plant cell wall. The most common were pectic
polysaccharides (Fig. 5). These substances were present
almost in all thickenings. In many cases they occurred on
the whole area of the structure (Fig. 5). On the other hand
cellulose, one of the most characteristic substance
building plant cell wall, was present only in few tip
thickenings and occupied relatively small area (Fig. 3).
The other compound often present in the structures was
callose (Fig. 4). Some of wall thickenings were covered
by callose layer on the whole area. There were, however,
also such ones which did not contain any callose. Brown
colour of some thickenings suggested a possible presence
of phenolic compounds inside of them. The negative
result of lignin staining and no specific autofluorescence
both for this substance and other phenolic compounds
showed us that these materials were not present in the
thickenings. Apart from phenolic compounds brown
colour may be caused by some lipid substances, e.g.
suberin. Sudan IV staining gave the positive result
(Fig. 6) within brown areas of the thickenings. It might be
caused by the presence of three substances: cutin, suberin
or sporopollenin. The presence of cutin we excluded -
there was no characteristic autofluorescence for this
compound and the result of the reaction with auramine
was also negative. It showed indirectly that the lipid
substance present in the thickening was probably suberin
and/or sporopollenin.

The studies showed that four compounds charac-
teristic for plant cell wall built the thickenings in apical
cells of Funaria hygrometrica protonemata: pectic
polysaccharides, callose, lipid substances (suberin or
sporopollenin) and cellulose. The most common were
pectic polysaccharides present almost in all structures.
Sometimes the composition of two or more thickenings
was the same. They often differed, however, one from
another in areas contained several compounds. Moreover
not all described structures were built from all detected
substances. Lateral thickenings, present sometimes along
the protonema threads, were built from pectic
polysaccharides, callose and lipid substances (suberin or
sporopollenin). However, cellulose was not found there.



LEAD INDUCED CELL WALL THICKENING

Fig. 1. Morphology of cell wall in the apical cell in control Funaria hygrometrica protonema (no staining, x1 440).

Fig. 2. Cell wall thickenings in protonemata treated with lead: tip thickenings (arrowheads) of wall in apica! cells (no staining;
x1 440).

Figs. 3 - 6. Substances building cell wall thickenings which appeared in protonemata treated with lead: cellulose {arrow), (Fig. 3.

x400); cailose (arrow), {Fig.4; x1440), pectic polysaccharides (arrowheads), (Fig. 5; x1 440); lipid substances - suberin or
sporopollenin (arrowheads), (Fig. 6; x1 440).

95



M. KRZESLOWSKA, A. WOZNY

Figs. 7 - 10. Ultrastructure of wall thickenings in apical cell of Funaria hygrometrica treated with lead and cell wall in control:
longitudinal section of apical cell treated with lead - tip thickening (arrow), lateral thickening (arrowhead), lead deposits (open
arrows), (Fig. 7, x15000), tip thickening of cell wall containing granular (arrow) and homogenic areas (open arrow), (Fig. 8;
x30 000), thickenings of the wall on the tip of apical cell - the low electron density layer similar to callose (arrowhead) is well

visible, (Fig. 9; x20 000), typical wall of control apical cell (arrowhead), (Fig. 10; x25 000).
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Discussion

Typical protonemata cell wall of Funaria hygrometrica
contains cellulose, pectic polysaccharides and in cross
walls callose (Bopp ef al. 1991). Lead caused, however, a
considerable increase of pectic polysaccharides, of
callose and sometimes of cellulose. Moreover suberin or
sporopolienin appeared which are not present, as a rule,
in protonemata cell wall. Cell wall thickenings in Funaria
hygrometrica protonemata were observed also as the
result of other stress conditions, e.g., hypertonic solution
of glycine (Schnepf et al. 1986), D,O (Schmiedel and
Schnepf 1980), colchicine (Schnepf er al. 1982). In
general, both the structure and composition of the
thickenings were different from these ones which
appeared in Funaria protonemata as the result of treating
them with lead. However, they have a few features
common: localization - in tips of apical cells, different
from typical cell wall structure and in some cases
(Schmiedel and Schnepf 1980) the presence of callose.

The appearance of cell wall thickenings rich in pectic
polysaccharides induced by lead have not been shown yet.
In available literature, we found only a few examples of
the pectic polysaccharides synthesis caused by other
stress factors, eg., the appearance of cell wall
thickenings, built mainly from calcium pectate, in cells of
tobacco, poplar, birch and alder as the result of ozone
treatment (Glinthardt-Goerg 1996, Gunthardt-Goerg et al.
1997). The thickenings were faced to intercellular spaces
and had character of droplets. Moreover, the synthesis of
pectic polysaccharides was observed on the surface of
mechanical injuried callus in Picea sitchensis (Miller and
Barnet 1993) and in cells of tobacco as the result of high
concentration of NaCl (Iraki et al. 1989).

Lead caused the appearance of cell wall thickenings,
e.g., in Chara (Heumann 1987), but they were completely
different in structure and composition from these in
Funaria. Moreover, in Lilium longiflorum pollen tubes,
characterized like moss protonemata by tip growth, some
aberrations in cell wall structure occurred (Roderer and
Reiss 1988) as the result of lead treatment. The
composition of these aberrations was not studied but the
authors supposed that they could contain pectic
polysaccha-rides. In Lilium longiflorum some thickenings
of cell wall also occurred. That was, however, the result
of treating the plant with other heavy metals, e.g.,
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