
Summary. Rapid diffusion of allergenic proteins in isotonic media has
been demonstrated for different pollen grains. Upon contact with stig-
matic secretion or with the mucosa of sensitive individuals, pollen grains
absorb water and release soluble low-molecular-weight proteins, these
proteins enter in the secretory pathway in order to arrive at the cell sur-
face. In this study we located allergenic proteins in mature and hydrated-
activated pollen grains of Parietaria judaica L. (Urticaceae) and studied
the diffusion of these proteins during the first 20 min of the hydration
and activation processes. A combination of transmission electron micros-
copy and immunocytochemical methods was used to locate these pro-
teins in mature pollen and in pollen grains after different periods of
hydration and activation processes. Activated proteins reacting with anti-
bodies in human serum from allergic patients were found in the cyto-
plasm, wall, and exudates from the pollen grains. The allergenic component
of these pollen grains changes according to the pollen state; the presence
of these proteins in the exine, the cytoplasm, and especially in the intine
and in the material exuded from the pollen grains, is significant in the
hydrated-activated studied times, whereas this presence is not significant
in mature pollen grains. The rapid activation and release of allergenic
proteins of P. judaica pollen appears to be the main cause of the aller-
genic activity of these pollen grains.
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Introduction

Localisation of pollen proteins by immunoelectron micro-
scopic methods has been the aim of several research
groups. Knox and Heslop-Harrison (1970) assumed that
the pollen proteins were stored in the pollen wall layers
(exine and intine). Belin and Rowley (1971) concluded
that the allergens are probably stored inside the pollen pro-

toplasm and diffuse through the aperture during germina-
tion. Ultrastructural studies performed with pollen grains
of different species, i.e., members of the family Poaceae
(Staff et al. 1990; Márquez et al. 1997a, b; Grote et al.
2000), Cryptomeria japonica (Miki-Hirosige et al. 1994),
Olea europaea (Rodríguez-García et al. 1995a, b), Betula
verrucosa (El-Ghazaly et al. 1999, Grote et al. 1999),
Ricinus communis (Pauri et al. 1999), Zygophyllum
fabago (Castells et al. 2002), and Cupressus species
(Suárez-Cervera et al. 2003), have shown that during hy-
dration in isotonic media, pollen grains remain intact, but
soluble and low-molecular-weight proteins are eluted in a
diffuse manner through the intine and exine. In natural
conditions, the proteins are released in the stigma and
pollen–stigma recognition takes place (Heslop-Harrison
1987). If this process occurs in the mucosa of sensitive in-
dividuals, the released proteins are responsible for aller-
genic sensitisation because these proteins react with human
antibodies (Seoane-Camba and Suárez-Cervera 1986).

Parietaria (Urticaceae) is the genus that includes the most
widespread allergenic plants in the Mediterranean region,
for example, in southern Italy and around the Mediterranean
coast of Spain (D’Amato et al. 1991), and P. judaica L. is
one of the most common species of this genus. Thus, it ap-
pears in many pollen calendars (D’Amato et al. 1991).

Parietaria judaica pollen grains carry a major allergen,
Par j 1, that is a glycoprotein of the family known as non-
specific lipid transfer proteins (Duro et al. 1997). But
Boluda et al. (1998) report that the Par j 1 content of
these pollen grains does not correlate with the antigenic
potency of the extract; proteins other than Par j 1 con-
tribute to the overall antigenic potency. So, in this study
we located allergenic proteins in P. judaica pollen grains
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during the hydration and activation processes, using serum
of a patient.

Material and methods

Plant material

Mature anthers of Parietaria judaica were collected from the area
around Barcelona (Spain). A combination of transmission electron mi-
croscope and immunocytochemical methods were used to locate aller-
genic proteins in fresh pollen grains from dehiscent anthers and in vitro
hydrated and activated pollen grains.

In vitro hydration and activation

Hydration and activation of mature pollen grains were induced in vitro
by sprinkling onto a 0.7% agar germination medium (Walden 1993) for
10, 15, and 20 min at room temperature, to supply similar humidity and
temperature conditions to the receptive stigma. After each specific time,
the process was interrupted and pieces of agar with pollen grains were
removed from the germination medium and fixed.

Fixation and embedding

Dehiscent anthers and in vitro hydrated and activated pollen grains were
fixed in a solution of 2% paraformaldehyde and 2.5% glutaraldehyde
buffered by 0.1 M cacodylate, pH 7.3, for 2 h at room temperature. Later,
the samples were washed in 0.1 M cacodylate buffer, pH 7.3, for 40 min
and postfixed with 1% osmium tetroxide in 0.8% phosphate-buffered
K3Fe(CN)6 at pH 7.3, for 3 h at 4 °C. This was followed by dehydration
in an acetone series and embedding in Spurr resin. Sections of the blocks
containing the samples were obtained with a Reichert-Jung Ultracut E
microtome. These sections were mounted on gold grids.

Human sera

Serum from an allergic patient with specific immunglobulin E (IgE), and
serum from a nonallergic subject with negative specific IgE were supplied
by the El Bierzo Hospital in Ponferrada (León, Spain). The radioaller-
gosorbent test revealed that the specific IgE against P. judaica extract be-
longed to class two (0.7–3.5 PRU/ml). Serum from a nonallergic subject
was used as control. These sera were stored in Eppendorf tubes at –40 °C.

Immunogold labelling

For detection of allergenic proteins, ultrathin sections were incubated at
room temperature on drops of 5% bovine serum albumin in 0.1 M Tris-
buffered saline (TBS) for 15 min, followed by sensitised-patient serum
for 2 h. After three 10 min washes with drops of 0.1 M TBS, sections
were incubated for 1 h with a second antibody bridge, in this case, anti-
human IgE developed in a goat (Sigma), diluted 1: 40 in TBS. After
three 10 min washes with drops of 0.1 M TBS, sections were incubated
for 1 h with the antibody conjugated to 10 nm diameter colloidal gold
particles, using anti-IgG (goat) passaged in a rabbit (BioCell) using a
1: 60 dilution in TBS. This was followed by two washes with drops of
0.1 M TBS for 5 min, two washes with distilled water and air-drying. In
the control for specific patient antibody, the patient serum was replaced
by nonallergic-subject serum. In the control for nonspecific binding of
the antibody conjugated to colloidal gold, the patient serum and the anti-
human IgE were omitted. In the control for nonspecific binding of the
bridge antibody, the patient serum was omitted.

We sectioned two blocks and incubated two replicate grids for each
sample. Each grid had 8–9 sections and each section had 15–20 sec-
tioned grains. Labelling was considered significant when all grains

presented the same distribution pattern. Finally, sections were stained
with uranyl acetate for 15 min and lead citrate for 5 min and observed
in a Philips EM 301 transmission electron microscope.

Results

Mature pollen grain

Parietaria judaica pollen grains are three-pored and bicel-
lular, they contain a little generative cell and a big vegeta-
tive cell (Fig. 1A). The wall is formed by a thin outer layer
(exine) and an inner layer (intine) which is thin in the non-
apertural region but thickens below the apertures to form a
convex structure (oncus) (Fig. 1A–C). In the cytoplasm,
vacuoles, lipid bodies, mitochondria, rough endoplasmic
reticulum, Golgi apparatus, and ribosomes were observed
(Fig. 1A, B).

In the immunogold-labelled sections, gold particles were
not detected in the wall and cytoplasm. We only observed
slight labelling in the intine of the apertural region (Fig. 1C).

Hydration and activation

After 10 min in culture medium, labelling was extensive in
nonapertural and apertural exine and intine and was abun-
dant in the material exuded by the pollen grain through the
microchannels of the tectum showing the traffic of proteins
(Fig. 2A, B). Moreover, grouped gold particles were ob-
served in the intine and exine (Fig. 2B). In the vegetative
cytoplasm, abundant labelling was observed in the ribo-
somes, vacuoles, lipid bodies, rough endoplasmic reticulum,
and in the Golgi stacks and associated vesicles predomi-
nantly located near the plasma membrane (Fig. 2A). Clusters
of colloidal gold particles were observed in this cytoplasm
(Fig. 2A). After 15 min in the agar germination medium, an
increase in labelling was observed in the material exuded
from the pollen grain (Fig. 3A). In the rest of the pollen
grain, labelling was similar to that found at 10 min. After
20 min, the only difference was the noticeable decrease in
the labelling detected in exudates (Fig. 3B). No significant
labelling was observed in any of the controls (Fig. 1B).

Discussion

We located allergenic proteins in the material exuded
from the pollen grains because the two exine layers
(ectexine and endexine) show considerable elasticity and
permeability to allow the diffusion of allergenic proteins
through the microchannels of the exine (Rowley 1975,
Seoane-Camba and Suárez-Cervera 1986, Knox et al.
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1998). The abundant trafficking through the intine con-
firms the functions attributed to this layer in the process of
pollination and fertilisation (Heslop-Harrison and Heslop-
Harrison 1991, Suárez-Cervera et al. 2000).

The allergenic proteins localised in the cytoplasm of
P. judaica pollen grains were found in those areas in the
pollen grain that are known to represent sites of protein me-
tabolism and energy supply. Most of the gold markers were
located in the cytosol, which was closely packed with ribo-
somes. Moreover, these soluble proteins enter in the secre-

tory pathway via the endoplasmic reticulum and the Golgi
complex and are rapidly exuded from the pollen grain dur-
ing the hydration and activation processes (Pfeffer and
Rothman 1987, Denecke et al. 1990), although the storage
of many proteins in angiosperms seems to be in the rough
endoplasmic reticulum (Galili et al. 1998; Alché et al. 1999,
2002; Castells et al. 2002). In Olea species (Rodríguez-
García et al. 1995a, b; Alché et al. 1999, 2002) and in
Betula verrucosa (Grote et al. 1993, 1999; El-Ghazaly
et al. 1999) significant labelling has also been detected in
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Fig. 1 A–C. Immunocytochemical localisation of allergenic proteins in P. judaica mature pollen grain. Conventional protocol. A General view of a
transverse section showing three apertures. The wall is formed by the exine and the intine that is thin in the nonapertural region but thickens below
the apertures forming the onci. Cytoplasm with a little generative cell and a big vegetative cell. B Control for specific patient antibody. No significant
labelling was observed in the controls. C Slight labelling was observed in the oncus of the mature pollen grains. d Dictyosome, er rough endoplasmic
reticulum, ex exine, gc generative cell, lb lipid bodies, m mitochondrion, o oncus, v vacuole, vn vegetative nucleus. Double arrow, intine. Bars: A,
1 �m; B and C, 0.25 �m



the cisterns of the rough endoplasmic reticulum. In Cryp-
tomeria japonica (Miki-Hirosige et al. 1994) and Cupres-
sus arizonica and C. sempervirens (Suárez-Cervera et al.

2003), colloidal gold particles were found in the Golgi ap-
paratus and in the Golgi vesicles. In Zygophyllum fabago,
Castells et al. (2002) observed colloidal gold particles in
the rough endoplasmic reticulum, in the dictyosomes, and
in the Golgi vesicles of the pollen grains.

Labelling in the vacuoles and in the lipid bodies re-
vealed the presence of the major allergen of P. judaica
pollen grains (Par j 1) in both organelles, suggesting traf-
fic of lipid transfer proteins between them (Vega-Maray
et al. 2004).

The extracellular sites of pollen allergens recognised by
the patient serum, especially in the exine, intine, and in the
exudates, may implicate their role as proteins that are pre-
sent in the first steps of male–female gametophyte recogni-
tion. Similar results have been obtained for allergenic
proteins of pollen grains from other species like Cryptome-
ria japonica (Miki-Hirosige et al. 1994), members of the
family Poaceae (Taylor et al. 1994; Márquez et al. 1997a, b),
Betula verrucosa (Grote et al. 1999), Zygophyllum fabago
(Castells et al. 2002), Cupressus arizonica and C. semper-
virens (Suárez-Cervera et al. 2003).

The allergenic component of pollen grains changes ac-
cording to the pollen state; pollen from immature flowers
contain fewer allergenic proteins than pollen from mature
flowers and hydrated and activated pollen grains have
more allergenic proteins than mature pollen (Grote et al.
1993). So, in P. judaica, the presence of these proteins in
the exine, the cytoplasm, and especially in the intine and
in the material exuded from the pollen grains is significant
in the hydrated and activated studied times, whereas this
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Fig. 2 A, B. Sections of P. judaica pollen grains after 10 min in germination medium. Abundant labelling was observed in nonapertural (A) and aper-
tural (B) exine and intine and in the material exuded by the pollen grain. In the cytoplasm gold particles were observed in rough endoplasmic reticu-
lum, dictyosomes, and vacuoles. Clusters of colloidal gold particles were observed in the exine, intine, and cytoplasm (arrowheads). Note the
labelling in the microchannels of the exine (arrows). d Dictyosome, er rough endoplasmic reticulum, ex exine, o oncus, v vacuole. Bars: 0.25 �m

Fig. 3. A After 15 min in germination medium an increase of labelling
was observed in the material exuded by the pollen grain (arrowheads).
B After 20 min in germination medium labelling decreases on the exu-
dates (arrowheads). d Dictyosome, ex exine, lb lipid body. Bars: 0.25 �m



presence is not significant in mature pollen grains. These
allergenic proteins are suddenly activated, released, and
detected during the first minutes of the hydration and acti-
vation processes. This rapid diffusion of the allergenic
proteins in P. judaica should be related to the significant
cytoplasm changes observed at the beginning of the hy-
dration and activation processes (Vega-Maray et al. 2003).

Besides allergenic proteins, for P. judaica pollen grain
antigenic proteins (Casas et al. 1996) and the major aller-
gen, Par j 1 (Vega-Maray et al. 2004), have been studied by
immunocytochemical methods at different activation times.
Activation of antigenic proteins recognised by rabbit sera
IgG (Casas et al. 1996) was faster than activation of those
recognised by IgE. This may be due to a longer activation
period of the proteins recognised by IgE. Moreover, la-
belling shown by the antigenic proteins (IgG) was very
abundant but less specific than that of the allergenic pro-
teins, and labelling observed with allergenic proteins was
more abundant and less specific than that observed with
Par j 1 (Vega-Maray et al. 2004). Possible causes of the
nonspecificity of IgG compared with IgE may be that rab-
bits were immunized with a heterogeneous mixture of 
different macromolecules obtained from an extract of 
P. judaica pollen grains (Casas et al. 1996). Pollen grains
contain free amino acids, proteins, and enzymes in their cy-
toplasm and in their wall (Knox and Heslop-Harrison 1970).
This provided sera with heterogeneous specificity, and
therefore labelling was much wider and less specific than la-
belling obtained with sera from allergic patients. The sera of
allergic patients appear to be sensitised to fewer proteins and
hence their response could be more specific. But the most
specific labelling and the lowest labelling were observed
when the major allergen was detected (Vega-Maray et al.
2004), because in this case, only one protein was involved.

The behaviour of these proteins in the hydration and acti-
vation processes was also different. The antigenic proteins
detected by Casas et al. (1996) had abundant labelling in
the 10 min hydrated-activated pollen grains, and this inten-
sity decreased at 30 min. With the allergenic proteins, our
results showed similar labelling intensity during the 20 min
studies. And the studies with the major allergen Par j 1 
revealed a noticeable decrease of the labelling from the
10 min to the 20 min hydrated-activated pollen grains
(Vega-Maray et al. 2004).

Another difference are the aggregates of colloidal gold
particles that appeared when we detected allergenic 
proteins. According to Grote et al. (1993) the aggregates are
caused by real aggregation of protein molecules, so aller-
genic proteins of P. judaica appear in aggregates, whereas
Par j 1 does not present this characteristic. However, in

members of the family Poaceae (Márquez et al. 1997a, b)
and Zygophyllum fabago (Castells et al. 2002), aggregates
of allergenic proteins were observed, whereas in Betula ver-
rucosa, Grote et al. (1993) detected aggregates of the major
allergen Bet v 1.
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