
Background: The release of submicronic particles from grass
pollen after rainfall was suggested to be responsible for out-
breaks of grass pollen asthma. Recently, we provided evidence
for the release of respirable allergen-bearing particles from
hydrated ryegrass (Lolium perenne) pollen as a possible expla-
nation for this phenomenon.
Objective: We investigated whether water-induced release of
respirable allergen-bearing particles could be a mechanism
common to several members of the sweet grass family Poaceae
(Gramineae).
Methods: Pollens from 6 different Poaceae species were
hydrated in water and examined by means of scanning elec-
tron microscopy for release of cytoplasmic materials. Rabbit
antisera raised against purified recombinant group 1 and 5
allergens were used for immunogold labeling of expelled mate-
rials by means of field emission scanning electron microscopy.
In addition, group 1 and 5 allergens were immunogold-local-
ized on ultrathin sections.
Results: Fresh Poaceae pollens expelled cytoplasmic materials
containing group 1 and 5 allergens on hydration in water.
Expulsion of submicronic particles strongly decreased after 1
month of storage.
Conclusions: Our results suggest expulsion of cytoplasm after
hydration as a mechanism common to pollens of important
allergenic grasses. The water-induced release of respirable
allergen-bearing particles from grass pollens might explain
asthma attacks observed after rainfall during the grass pollen
season. (J Allergy Clin Immunol 2001;108:109-15.)
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Grasses (Poaceae [Gramineae]1) belong to the most
important allergen sources, both because of their world-
wide distribution and because of their heavy pollen pro-

duction.2-4 The importance of grass pollen as potent
allergen sources was established almost 130 years ago
when Blackley5 performed provocation tests and docu-
mented the relationship between pollen exposure and
allergic symptoms. The biochemical nature of group 1
grass pollen allergens was analyzed approximately 90
years later.6 Meanwhile, most of the important grass
pollen allergens have been produced as recombinant
allergens for diagnostic and therapeutic purposes.4,7

Although allergic reactions in easily accessible organs
(skin, nose, eyes) can be explained by direct contact with
intact pollen grains and subsequent elution of soluble
allergens, it is still not clear how pollen allergens can
intrude into the deeper airways and elicit bronchial asth-
ma. Because of their size, the likelihood that intact grass
pollen grains will reach the deeper airways is low. How-
ever, ryegrass pollen grains rupture in water and release
large amounts of respirable particles (eg, starch gran-
ules).8 Therefore it has been suggested that grass
pollen–induced asthma attacks could be caused by respi-
ration of subcellular allergen-containing grass pollen
particles.8,9 In this context, it was demonstrated that
starch granules from ryegrass pollen contain group 5
allergens,10 and group 6 allergens were found to be asso-
ciated with the polysaccharide particles (P-particles)11 of
timothy grass pollen.12 We have recently obtained evi-
dence that ryegrass pollen can expel such allergen-con-
taining particles on hydration.13

The aim of our study was to investigate whether the
expulsion of allergen-containing cytoplasm might be a
common mechanism of allergen liberation for various
clinically relevant grass species. We collected pollens
from 6 different Poaceae species, and using scanning and
transmission electron microscopy, we studied the release
of allergen-containing subcellular particles. For this pur-
pose, fresh or stored grass pollens were exposed to water
and the presence of group 1 and group 5 major grass
pollen allergens was checked in the released cytoplasmic
materials through use of immunogold labeling tech-
niques. We discuss our finding that the release of aller-
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gen-bearing particles of respirable size from fresh grass
pollen is a common mechanism of allergen liberation of
potential importance in grass pollen–induced asthma.

MATERIALS AND METHODS

Pollen materials

Pollens of Alopecurus pratensis (foxtail grass), Poa pratensis
(Kentucky bluegrass), Secale cereale (cultivated rye), Phleum
pratense (timothy grass), and Lolium perenne (ryegrass) were col-
lected in Münster, Germany, during the spring and summer of 2000.
Sorghum bicolor (durra, broomcorn) pollen was obtained from

Münster Botanical Gardens in late summer 2000. Pollens were used
directly after shedding. From each pollen species, an aliquot was
stored at ambient temperature and moisture.

Preparation and characterization of rabbit

anti–group 1 and anti–group 5 antibodies

Rabbit antisera were raised against purified recombinant group 1
(rPhl p 1) and group 5 (rPhl p 5) allergens from timothy grass pollen
through immunization of New Zealand white rabbits (Charles
River, Kisslegg, Germany). Cross-reactivity of the antisera with
group 1 and group 5 allergens from other grass species and use for
immungold electron microscopy was demonstrated.13,14

FIG 1. Gallery of conventional scanning electron micrographs of fresh Poaceae pollens in the dry (a, c, e)
and hydrated (b, d, f) states. a, b, P pratensis (Kentucky bluegrass). c, d, Secale cereale (cultivated rye). e, f,

A pratensis (foxtail grass). Bar = 2 µm. GP, Germination pore; ST, starch granule.
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Gold-conjugated antibodies

Goat anti-rabbit IgG antibodies coupled to colloidal gold parti-
cles with a diameter of 10 nm were obtained from British BioCell
(Plano, Wetzlar, Germany).

Conventional scanning electron microscopy

Fresh pollen grains from each species were dusted on 3 glass
cover slips. The first coverslip was covered with double-distilled
water and the second with rainwater; the third coverslip remained
dry. After evaporation of the fluids at room temperature, all cover
slips were sputtercoated with gold. Images were recorded with a

conventional scanning electron microscope (S-450, Hitachi Ltd,
Japan). Photographs were taken with Agfapan 100 films.

After 1 month of storage, samples were again taken from each
pollen species and treated as described above (for the fresh pollen).

Field emission scanning electron microscopy,

transmission electron microscopy, and

immunogold labeling protocols

Details regarding our field emission scanning electron
microscopy (FESEM), transmission electron microscopy (TEM),
and immunogold labeling protocols have been provided previous-

FIG 2. Gallery of conventional scanning electron micrographs of fresh Poaceae pollen in the dry (a, c, e) and
hydrated (b, d, f) states. a, b, Sorghum bicolor (durra, broomcorn). c, d, P pratense (timothy grass). e, f, L
perenne (ryegrass). Bar = 2 µm. GP, Germination pore; ST, starch granule.
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ly.13 In brief: For FESEM, fresh pollen grains were glued to an alu-
minum support, hydrated in distilled water, air-dried, and fixed in
acrolein vapor. Specimens were incubated with rabbit anti–group 1
and anti–group 5 antibodies or preimmune antibodies and then by
gold-conjugated secondary antibodies. Next, specimens were again
air-dried, coated with platinum/carbon and examined by means of
FESEM. For TEM, pollen grains were hydrated in distilled water,
fixed in glutaraldehyde, dehydrated in ethanol, and embedded in
resin. Sections were immunogold-labeled, as described above, and
examined by means of TEM. As a negative control, sections of

unhydrated birch pollen grains were immunogold-labeled and
examined by means of TEM.

RESULTS

Water exposure induces expulsion of

cytoplasm from 6 different Poaceae pollens

Fig 1, a, c, and e and Fig 2, a, c, and e show a gallery
of dry grass pollen grains representing 6 different

FIG 3. Field emission scanning electron micrographs show immunogold detection of allergens in 3 differ-
ent hydrated Poaceae pollen species: Secale cereale (cultivated rye; a and b), P pratensis (Kentucky blue-
grass; c and d), and A pratensis (foxtail grass; e and f). a, c, e, Surveys of the expelled pollen materials. The
rectangle indicates the area chosen for allergen detection by immunogold labeling at higher magnification
(b, d, f). b, Group 1 allergens. d, Group 5 allergens. f, Group 1 allergens. Gold particles (arrows) are ran-
domly distributed over the expelled materials. Bar = 2 µm (a, c, e), 1 µm (b, d, f). ST, Starch granule.
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Poaceae species. Each pollen grain is spheroidal, has 1
germination pore, and shows a smooth surface with tiny
spikes protruding from the exine.

After hydration in distilled water (Fig 1, b, d, and f and
Fig 2, b, d, and f), all tested pollen species expel particles
through the germination pore (best visible in Fig 1, d). In
the released materials, starch granules are most conspic-
uous. Smaller particles and amorphous materials are also

released. In the picture gallery, this is best recognized in
P pratensis and P pratense pollen (Fig 1, b and Fig 2, d,
respectively). There was no difference in the number of
burst pollen grains between hydration in distilled water
and hydration in rainwater.

After 1 month of storage, pollen grains of all 6 species
had almost completely lost their ability to expel cyto-
plasm on hydration (micrographs not shown).

FIG 4. a, Field emission scanning electron micrograph of cytoplasm expelled from Secale cereale pollen
after incubation with group 1 preimmune antibodies. No gold particles are visible. b through e, TEMs of
hydrated P pratense (timothy grass) pollen after immunogold labeling for allergens: b, Survey of a pollen
grain shows the cytoplasm bulging out of the grain. c, Group 1 allergens. d, Group 5 allergens. Gold par-
ticles (arrows) indicate that allergens are associated with dark cytoplasmic materials. e, Control experiment
with group 5 preimmune antibodies shows low background staining. f, Negative control. Unhydrated birch
pollen cytoplasm shows very few nonspecifically bound gold particles after incubation with group 5 grass
pollen allergens. Bar = 0.5 µm (a), 5 µm (b), 0.2 µm (c-f). ER, Endoplasmic reticulum; P, P-particle debris
(degraded polysaccharide material); ST, starch granule; V, vacuole.
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FESEM and TEM demonstrate the existence

of group 1 and group 5 allergens in materials

expelled from 4 species of Poaceae pollen

(other than L perenne)

Fig 3 shows that group 1 and group 5 allergens can be
localized in the materials released from pollen of Secale
cereale (group 1 allergens; Fig 3, a and b), P pratensis
(group 5 allergens; Fig 3, c and d) and A pratensis (group
1 allergens; Figs 3, e and f). Gold labels indicating the
sites of allergens seem randomly distributed. The controls
(shown in Fig 4, a for Secale cereale group 1 preimmune
antibodies) exhibit little or no background staining.

TEM examination of the expelled materials (shown in
Fig 4, b through e for P pratense) demonstrates that
group 1 (Fig 4, c) and group 5 (Fig 4, d) allergens are
found in the amorphous, electron-dense (dark) structures
representing the remnants of the cytoplasmic pollen
architecture. Starch granules are unlabeled by gold parti-
cles. The control preparations (shown in Fig 4, e for
group 5 preimmune antibodies) show little nonspecific
staining. Unhydrated birch pollen, used as a negative
control, did not cross-react with grass pollen anti–group
1 antibodies (Fig 4, f) or anti–group 5 antibodies.

DISCUSSION

The results of the present investigation strongly sug-
gest that expulsion of allergen-containing respirable
materials is a general mechanism of allergen release in
the sweet grasses (Poaceae). Thus in grass pollens, at
least 2 separate mechanisms of allergen release are oper-
ative:

1. Rapid diffusion of allergens in isotonic media (eg,
nasal secretions), which has been demonstrated for
many different pollens and many different aller-
gens.15 Allergen diffusion from pollen grains might
thus be responsible for the induction of immediate
allergic symptoms on accessible mucosal surfaces
(eg, allergic rhinitis, conjunctivitis) and in the skin.

2. Rapid expulsion of respirable allergen-containing
submicronic materials after hydration in hypotonic
media (eg, during rainfall). Because of the small size
of the subcellular pollen particles, they might prefer-
entially reach the deeper airways and induce symp-
toms of bronchial asthma.16

In contrast to previous investigators,10 we could not
localize group 5 allergens inside the starch granules. We
hypothesize that the allergens might have diffused out of
the starch during hydration. In any case, attachment of
allergen-containing cytoplasm to the surface of starch
granules might explain the observation that starch gran-
ules can elicit bronchial asthma in sensitized patients.

In contrast to the sweet grasses, sour grasses (rushes
and sedges) did not expel cytoplasm after exposure to
water (unpublished observation). Likewise, birch pollen
grains did not burst on hydration.

The question is why certain pollen species expel their
cytoplasm whereas others do not. A possible explanation

is that grass pollen grains (reportedly) have thinner walls
than birch pollen, which might favor “bursting.”17 How-
ever, grass pollen grains do not rupture along the wall;
rather, they expel particles via the germination pore. We
therefore assume that differences in the chemical compo-
sition between grass and birch pollen cytoplasm might
play a decisive role. Amyloplasts (found in birch and
grass pollen) are osmotically largely inactive. However,
the large amounts of polysaccharide particles (P-parti-
cles)11 typically found in grass pollen cytoplasm could
form a pool of osmotically active molecules, possibly
developing osmotic pressures sufficient for the expulsion
of cytoplasm.

Interestingly, we found that grass pollens stored for 4
weeks at ambient temperature and moisture lose their
ability to expel cytoplasm. In this context, it is remark-
able that episodes of grass pollen-induced asthma were
reported to occur during the flowering season of grasses,
when high loads of pollen grains could be detected in the
environment.8,18 Because morphologic examination of
air samples does not allow unambiguous identification of
pollen from different grass species and because pollen
allergens can be found in micronic atmospheric aerosol
fractions19-21 and attached to other environmental parti-
cles (eg, diesel exhaust),22 antibody-based measurements
of grass pollen allergen exposure can be considered.23 In
this context, it is worthy of note that antibody-based
detection assays for the identification of species-specific
grass pollen allergens are becoming available.24

In conclusion, our study suggests the liberation of
allergen-bearing subcellular particles from hydrated grass
pollens as a general mechanism that might be responsible
for grass pollen-induced asthma attacks after rainfall. 

We thank Ms U. Malkus for excellent assistance in the preparation
of specimens and Ms G. Kiefermann for expert photographic work.
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