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Summary. In allergenic birch pollen grains, highly water- 
soluble surface substances were precipitated by the cationic 
detergent cetylpyridinium chloride (CPC) during aqueous 
fixation. After processing the pollen for electron microsco- 
py, ultrathin sections of pollen grains were subjected to 
the periodic acid - thiocarbohydrazide - silver proteinate 
(PA-TCH-SP) procedure according to Thiery (1967) for the 
detection of vicinal glycol groups. It was found that the 
material precipitated by CPC on the surface and within 
the exine cavities of the pollen wall strongly reacted with 
the PA-TCH-SP reagent thus indicating the presence of 
polysaccharides on the surface of birch pollen grains. In 
samples which had not been treated with the cationic deter- 
gent, PA-TCH-SP reactivity was reduced to thin linings 
on the surface and within the exine cavities. In both cases 
the exine proper did not stain whereas the intine showed 
moderate staining. Within the aperture region of the intine, 
PA-TCH-SP reactivity is preferably associated with fibrillar 
or reticular structures. The results are discussed with special 
reference to biochemical findings on allergenic birch pollen 
proteins. 

Introduction 

Pollen surface substances play an important role in pollen 
biology (pollen/stigma interactions; see e.g. Heslop-Har- 
rison et al. 1975) and medicine (causative agents for pollino- 
sis; see e.g. Knox 1979; Knox et al. 1980). They can easily 
be isolated and chemically characterized by biochemical 
routine methods but the histo- or cytochemical localization 
of these substances on the surface of pollen grains is rather 
difficult because, due to their high solubility, they are rapid- 
ly lost from the pollen grains if aqueous fixation media 
are used. 

In a previous paper (Grote et al. 1983) the authors 
showed that the addition of cetylpyridinium chloride (CPC) 
to the glutaraldehyde (GA) fixation solution precipitates 
a distinct surface layer on the exine of allergenic hazel pol- 
len, while weakly allergenic pine pollen was completely 
clean. We assumed that the substances visualized by CPC 
might chemically be polysaccharide/protein complexes 
among which those are that cause the allergenic reaction. 
In this view we were supported by literature reports of bio- 
chemical and histochemical studies carried out on wall- 
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bound pollen material which also demonstrated the ex- 
istence of proteins and glycoproteins (e.g. Knox et al. 1975; 
Howlett et al. 1981 ; Vithanage et al. 1980, 1982). 

Considering the fact that a good morphological preser- 
vation can now be obtained together with a sufficient fixa- 
tion of soluble pollen surface components, a detailed cyto- 
chemical analysis of these substances seems possible. So 
in the present paper we want to report the results of a 
study which was carried out in order to characterize the 
carbohydrate component of the material precipitated by 
CPC more closely. 

For the demonstration of polysaccharides various histo- 
and cytochemical procedures are available among which 
the specific periodic acid (PA) oxidation of vicinal glycol 
groups to aldehyde groups and their subsequent visualiza- 
tion in light or electron microscopy constitute a widely used 
method. In classical histology, the aldehyde groups are 
made visible by reaction with the Schiff reagent (PAS-meth- 
od). On the electron microscopic level, the visualization 
of aldehyde groups is achieved by reaction with some elec- 
tron dense substance, e.g. silver, using either a silver meth- 
enamine solution (Rambourgh 1967) or a thiocarbohydra- 
zide silver proteinate (TCH-SP) or thiosemicarbazide silver 
proteinate (TSC-SP) (Thiery 1967). Of the two methods, 
the silver proteinate procedure is reported to show greater 
ease in the handling, better resolution, and less background 
staining than the silver methenamine method (Roland 1978; 
Geyer 1973, 1977). 

In the past, several electron microscopic studies in plant 
polysaccharide material were made based on the silver 
method (Pickett-Heaps 1967, 1968; Rougier 1971; van der 
Woude et al. 1971 ; Brown and Romanovicz 1976; Roland 
1978). As regards the specific case of pollen histochemistry, 
some light microscopic investigations were carried out using 
the PAS-method. Thus Heslop-Harrison et al. (1973), Hes- 
lop-Harrison (1979) and Kress and Stone (1982) studied 
the cytochemical composition of the pollen wall layers of 
several plant species using a variety of histochemical stains 
and reactions including the PAS-method. 

In the present electron microscopic study we chose the 
PA-TCH-SP procedure for the reasons given above. Our 
main attention was focused upon the question if the materi- 
als precipitated by CPC on and in the wall layers of birch 
pollen grains can still react with the chosen cytochemical 
markers and, if this is the case, upon the distribution pattern 
of vicinal glycol groups within the sectioned pollen wall. 
For control purposes we included in our work pollen grains 
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which had not been treated with CPC as well as those which 
had not been specifically oxidized by PA in order to detect 
endogeneous aldehyde groups. 

M a t e r i a l s  and  m e t h o d s  

Mature pollen was collected from the flowering catkins of Betula 
pendula trees in spring 1983. Until use, the pollen material was 
stored in a household freezer at 250 K. 

The pollen grains were thawed and fixed overnight in 0.071 M 
cacodylate buffered 6.25% GA, pH 7.4, containing 0.5% CPC 
(Serva, Heidelberg). After washing for I h in 0.1 M cacodylate 
buffer, the pollen grains were dehydrated in a graded series of 
acetone (50%, 80%, 96%, 100%) for 5 rain at each stage and 
finally embedded in Epon resin using three acetone/Epon mixtures 
(3 : 1, 1 : 10 1 : 3) as intermediate fluids. 

In control experiments for the influence of CPC, the samples 
were fixed in cacodylate buffered glutaraldehyde (see above) with- 
out the addition of CPC, then further processed and embedded 
as above. 

Ultrathin sections were cut on an LKB ultramicrotome and 
placed on Pioloform coated gold grids. 

For the detection of vicinal glycol groupings with the PA-TCH- 
SP technique the procedure described by Roland (1978) was fol- 
lowed. 

The gold grids with the sections face down were successively 
floated on the following solutions (all reactions were carried out 
at room temperature) : 

1.1% aqueous periodic acid solution for 10 min 
2. three washes with distilled water for 5 rain each 
3.0.2% thiocarbohydrazide in 20% aqueous acetic acid for 3 h 
4. aqueous solutiorl of 10%, 5%, 1% acetic acid for 10 rain at 
each stage 
5. one wash with distilled water for 30 min 
6. 1% aqueous solution of silver proteinate (Albumosesilber, DAB 
6, Merck, Germany) in the dark for 20 rain 
7. two washes with distilled water for 5 min each 

Finally the grids were 'jet-washed' in distilled water by spraying 
with a pipette for additional 2 min. Then the grids were dried 
by blotting them edgewise on filter paper. After staining with ura- 
nyl acetate for 10 rain the sections were examined and photo- 
graphed in a Hitachi H 500 electron microscope operated at 75 kV. 

Controls for the selectivity of the oxidation were performed 
by replacing the periodic acid treatment in the beginning by float- 
ing the sections for 10 min on 5% aqueous HzO z. 

R e s u l t s  

1. CPC reaction 

After fixation of  birch pollen grains with glutaraldehyde- 
cetylpyridinium chloride (GA-CPC) the surface of  the 
grains is covered with irregularly shaped clumps and 
patches of  material showing medium electron density 
(Fig. I a). The aperture region, too, bears a fringe of  elec- 
tron dense material which - at the edge of  the aperture 
- forms a separate layer between the exine and the apertural 
thickening of  the intine (Fig. 1 b, arrows). This layer extends 
around and underneath the exine structures thus getting 
into contact with the bacular region of  the exine which 
at the poral edge directly opens towards the intine material. 
Thus, as in hazel pollen (Grote et al, 1983), the electron 
dense surface material forms a nearly uninterrupted coat 
enveloping the whole pollen grain. As regards deeper layers 
of  the pollen wall, traces of  electron dense material are 
found within the microchannels traversing the rectum of  
the exine. Electron dense material is also deposited in the 

interbacular spaces of  the sexine (Fig. 1 a). The intine, how- 
ever, does not show substances specifically precipitated by 
a fixation with GA-CPC (Fig. I a). 

As the corresponding control experiment shows (Fig. 2 a 
and 2b), fixation in GA alone precipitates no electron dense 
material, neither on the surface of  the pollen grain including 
the aperture region nor within deeper layers of  the exine. 

2. PA-TCH-SP reaction 

2.1. Pollen f ixed in GA-CPC. PA-TCH-SP reactivity is 
found within the electron dense material precipitated by 
CPC on the surface of  the pollen wall including the aperture 
region and within the material filling the interbacular spaces 
(Fig. 1 a). Some reactivity is observed within the interior 
o f  the microchannels of  the sexine but this is also found 
in pollen fixed in glutaraldehyde alone (see below). It is 
remarkable, however, that staining is not quite homoge- 
neous throughout  the electron dense material precipitated 
by CPC since parts of  it show little or no PA-TCH-SP 
reactivity. For  reactivity of  pollen wall structures not specif- 
ically affected by CPC cf. next passage. 

2.2. Pollen f ixed in GA alone. Here we find a thin line on 
the surface o f  the tectum which distinctly stains with PA- 
TCH-SP (Fig. 2a). There is also some positive Staining 
along the microchannels and in the bacular layer where 
PA-TCH-SP reactivity is found preferentially along the 
walls of  the interbacular cavities and especially at the bot- 
tom of  the bacula (Fig. 2a). There are no PA-TCH-SP reac- 
tive substances within other parts of  the exine, i.e. the tec- 
turn (except for the microchannels), the bacula and the nex- 
ine. 

The intine (non-apertural region) shows throughout  
staining with PA-TCH-SP though there seems to be a 
slightly denser labelling in the outer part  adjacing the exine. 
In the aperture (Fig. 2b) intense reactivity is found within 
the outer layer of  the apertural thickening of  the intine 
which also by its different morphology clearly contrasts 
with the inner layer of  the apertural plug where we find 
moderate staining. In both regions, however, silver grains 
do not show a random distribution. They are preferentially 
associated with the electron dense reticular (outer part) or 
fibrillar and reticular (inner part) structures which can be 
morphologically distinguished on a cross section through 
the apertural region. Interreticular or interfibrillar spaces 
are generally weakly stained or unstained (Fig. 3). This is 
also true for the electron dense vesicle- or tubule-like struc- 
tures occurring in the inner part of  the apertural intine. 

The corresponding control experiments for the specifity 
of  the PA-TCH-SP reaction, here shown for the case of  
GA-CPC-fixed pollen, did not show any staining (Fig. 4). 

D i s c u s s i o n  

Using immunofluorescence methods, Belin and Rowley 
(1971) localized allergenic and non-allergenic proteins on 
the wall of  birch pollen. The present study shows by use 
of  the PA-TCH-SP method that the material which can 
be observed on and within the exine of  Betula pollen after 
GA-CPC-fixation at least partially consists of  carbohy- 
drates with 1.2 glycol groupings. This confirms the bio- 
chemical findings .published by Belin (1972) who by gel 
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Fig. 1 a, b. Ultrathin section through the 
wall of a pollen grain of Betula pendula 
after fixation in glutaraldehyde- 
cetylpyridinium chloride (GA-CPC) and 
periodic acid-thiocarbohydrazide-silver 
proteinate (PA-TCH-SP) staining. 
a Detail from the non-apertural pollen 
wall showing CPC precipitated material 
(PM) upon the tectum of the exine (E), 
within the microchannels (MC) and the 
bacular cavities (BC). PA-TCH-SP 
reactivity is observed within most of the 
precipitated material except for some 
small areas (arrow) and within the intine 
(/). x 82,000. b Aperture region of the 
pollen wall. CPC precipitated material 
(PM) extends around the exine (E) collar 
of the pore until it gets into contact with 
the bacular cavities (BC) (arrows). PA- 
TCH-SP staining is found within the 
apertural thickening of the intine (/) and 
within the CPC precipitated material 
(PM). • 36,000 

filtration separated birch pollen allergens from non-aller- 
genic proteins and non-proteinic water-soluble components. 
Besides large amounts of  carbohydrates, he found among 
the non-allergenic protein fraction a carbohydrate-contain- 
ing protein. 

The theoretical possibility that lipidic substances (" Pol- 
lenkitt '?) might react with periodic acid is in this case quite 
small since the fixation and dehydration conditions used 
(no osmium-fixation, acetone-dehydration) would not fa- 

your the preservation of  lipids. Moreover, birch pollen 
grains belong to the anemophilous class of  pollen which 
is commonly regarded to be void of  Pollenkitt. Within pro- 
teins, the number of  groups capable of  reacting with period- 
ic acid is generally considered to be to small to give a clearly 
discernible reaction (Geyer 1973, 1977). 

Basically, PA-TCH-SP reactivity is found in the materi- 
al precipitated by CPC in all sites of  the pollen exine: sur- 
face of  rectum and aperture, microchannels, and in the ba- 
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Fig. 2a, b. Ultrathin section through the 
wall of a pollen grain of Betula pendula 
after fixation in glutaraldehyde alone 
and PA-TCH-SP staining, a Detail from 
the non-apertural pollen wall. PA-TCH- 
SP reactivity is reduced to a thin layer 
lining the tectum of the exine (E), the 
microchannels (MC), the bacular cavities 
(BC) and the intine (/). x 70,000. 
b Aperture region of the pollen wall. PA- 
TCH-SP staining is most prominent 
within the apertural thickening of the 
intine (/). E=  exine, BC= bacular 
cavities, x 30,000 

cular cavities where also Heslop-Harrison et al. (1973) ob- 
served PAS positive staining (besides protein reactivity) in 
their light microscopic study of  Malvaceae pollen. 

However, regarding the distribution of  silver grains 
within the CPC precipitated material it is remarkable that 
there are areas with no apparent PA-TCH-SP reactivity. 
This points to a heterogeneous chemical composition of  
these substances at least with regard to their content of  
vicinal glycol groupings. 

As the results outlined above show, there is PA-TCH-SP 
reactivity in Betula pollen wall which is independent from 
the action of  CPC. Tectum, microchannels and bacular cav- 
ities are lined by a thin layer of  silver grains thus indicating 
the presence of  polysaccharides which - differently from 
the highly soluble compounds retained by CPC - are firmly 
attached to the exine so that they are not leached away 
during moistening. Due to their low solubility, these carbo- 
hydrates would probably not play a role at least in the 
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first steps of compatibility reactions or in the allergenic 
events. The exine proper, which is composed of sporopol- 
lenin material, does not react with PA-TCH-SP. 

Labelling of the intine which is observed in all experi- 
ments regardless of the presence or absence of CPC can 
be ascribed to its content in cellulose-hemicellulose-pectin 
compounds which are commonly thought to constitute 
most of this wall layer. The slight (non-apertural region) 
or marked (aperture region) increase in PA-TCH-SP reac- 
tivity in the outer layer of the intine might point to differ- 

Fig. 3. Detail from Fig. 2b showing silver 
grains predominantly associated with 
reticular (RS) and fibrillar (FS) 
structures. (P=proteiu?). • 180,000 

Fig. 4. Control for the PA-TCH-SP 
procedure. Detail from an ultrathin 
section through the non-apertural wall of 
a Betula pollen grain after fixation in 
glutaraldehyde-CPC and incubation in 
HzOz-TCH-SP. No silver grains are 
observed throughout the exine (E), intine 
(/) or within the precipitated material 
(PM). BC = bacular cavities, M C =  
microchannels, x 70,000 

ences in the chemical composition. Heslop-Harrison (1979) 
also reports (moderate) PAS-reactivity of the intine in rye 
pollen grains whereas Kress and Stone (1982) describe a 
distinct two-layer composition of the intine in several 
monocotyledon pollen species. They found that the intine 
layer adjacing the exine did not stain with PAS whereas 
the inner layer adjacing the protoplast distinctly did. In 
the case of Betu la  pollen, our observations on the electron 
microscopic level show rather the reverse result. 

Attention must also be drawn to the pattern of PA- 
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TCH-SP reactivity of  the aper tural  region of  Betula pollen 
grains. Here an outer  layer clearly contrasts  with the inner 
bulky mater ia l  as regards the intensity of  staining. More-  
over, in both  areas of  the aperture  compounds  with 1.2 
glycol groupings seem to be preferably arranged along small 
fibres or reticular structures (cellulose fibrilles?) indicating 
differences in polysaccharide content  between these struc- 
tures and a less reactive matr ix  mater ia l  (pectin?) which 
largely consists of  electron lucent areas. In the inner bulky 
region of  the aperture  electron dense vesicle- and tubule-like 
structures are conspicuous which have been observed by 
many  authors  and which are commonly  considered as sites 
of  protein  inclusions (e.g. Skvarla and Rowley 1970; Chris- 
tensen et al. 1972; Hes lop-Harr i son  et al. 1973). The fact 
that  there is little or no PA-TCH-SP  reactivity inside these 
structures might  suppor t  this opinion. 

The results of  the present investigation demonst ra te  that  
highly soluble glycoproteins can be retained by fixation with 
G A - C P C  and that  they can be subjected to further cyto- 
chemical examinat ion procedures which - without  the ac- 
t ion of  CPC - could not  have been carried out. So we 
believe that  other cytochemical  reactions or lectin probe 
electron microscopy might  be successfully used to contrib-  
ute further to a better knowledge of  the chemical nature 
of  allergenic pollen surface material .  
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