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Intro:iuction

A number of allergens have been characterized by
immunochemical and molecular biological techniques.
Based on the sequence information of allergens, a first un-
derstanding of the biological function of these molccules
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Properties of Tree and Grass
Pollen Allergens: Reinvestigation
of the Linkage between Solubility
and Allergenicity
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Abstract

Inthis study we reinvestigated the kineties of allergen release from birch pollen
(Bewla verrucosa) and timothy grass pollen (Phlewn pratense) using different
protein extraction procedures, immunoblotting with specific antibodies and
immune cleetron microscopy. Pollen allergens such as the major birch pollen
allergen. Ber v 1. the major timothy grass pollen allergens, Phl p Tand Phl p V.
group-TI/IIT allergens from timothy grass and profiling were released rapidly
and in large amounts from hydrated pollen. Within a few minutes pollen al-
lergens could be detected in aqueous supernatants prepared from birch and
grass pollen with serum IgE or specific antibodics. In parallel the allergen con-
tent in the pollen pellet fractions decreased. A nonallergenic protein such as
heatshock protein 70 can be extracted in sufficient amounts only with harsh ex-
traction procedures. Immune clectron microscopy of dry and rehydrated birch
pollens showed that after short hydration, the major birch pollen allergen, Ber v
. migrated into the exine and to the surface of intact pollen grains, whereas
profilin. against which a lower percentage of patients is sensitized, was retained
in the pollen grain. Comparing the amino acid composition and hydrophiiiity
of the tested allergens with a nonallergenic protein such as heat shock protein
70. no significant difference was noted. In agreement with earlier observations
we conclude that the allergenic propertics of proteins are rather linked to the
amountand speed of solubility from airborne particles than to intrinsic proper-
ties.

seeessseccecsrrnsensa

is possible. In the case of the major birch pollen allergen
Betyv 1 sequence homology was found with pathogenesis-
rclated proteins {1} which are involved in plant defense
against microorganisms. The family of profiling [2-3] con-
stitutes plant cytoskeletal proteins which bind to actin [6]
and participatc in the phosphoinositol pathway [7]. De-
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spite the increasing knowledge about the structure and
possiblc functions of allergens, a clear relationship be-
tween the properties of allergens and their allergenic po-
teney could not be established. Type-T allergies could be
induced experimentally in animals by low-dose applica-
tion of several different unrelated antigens in combination
with aluminium hydroxide [8. 9], which also argues against
a relationship between the intrinsic property of a protein
and its potency to elicit type-I allergy. The clinical obser-
vation that exposure to mite antigens during carly child-
hood is correlated with the development of house dust
mite allergy [10] indicates that exposure to readily avail-
able proteins via the mucosa of the respiratory tract might
sensitize predisposed individuals during carly childhood
to develop type-I allergy. We have characterized well-de-
fined pollen allergens from trees, such as Bec v 1 [1] and
birch profilin [2]. and relevant timothy grass pollen aller-
gens, such as Phl p I (unpublished data). Phl p V (unpub-
lished data), and timothy grass profilin regarding their
aqueous solubility. Aqueous protein extraction proce-
dures were compared with harsh extraction methods, im-
mune clectron microscopy of pollen grains before and af-
ter hvdration was performed and the kinetics of allergen
release from hydrated pollens was investigated. Important
pollen allergens are readily available in large amounts as
compared to other pollen proteins within minutes after
hydration. but no correlation between the intrinsic prop-
certics (biological functions. distribution in the pollen
grain, amino acid composition and hvdrophilicity) of the
allergens and their allergenicity could be cstablished.

Materials and Methods

Pollen

Polien from timothy grass (Phlewm pratense) and birch (Betuda
verrucosa) that were > 959 pure as determined by light microscopy
were purchased from Allergon, AB. Viilinge. Sweden. The purchased
pollen was not defatted or treated with solvents. The birch pollen
uscd for immunce cleetron microscopy was harvested freshly from
fowering male catkins of birch. air dried and stored at 4 °C until usc.

Monoclonal and Polvclonal Antibodies

The mouse monoclonal anti-Bez v Tantibodies Bipl and Bip+{11]
and their epitopes are described [12]. As controta mouse monocional
antibody with no specificity for birch pollen proteins was used. The
rabbit anti-recombinant birch profilin antiserum which cross-reacts
with profilin from timothy grass was obtained by immunizing rabbits
with purificd recombinant birch profilin {61, In addition an antibody
raiscd against tomato heat shock protein 70 [13], a rabbit antibody
raised against Lol p 1 [14] and a rabbit antibody which binds to
group-V and group-/11 grass pollen allergens [15] were used. Nega-
tive controls were performed with a normal rabbit nonimmune scrum

or mouse antibodics with different specificity. The antibodics which
were used for immune clectron microscopy were purificd by protein
G affinity chromatography using monoclonal antibody traps from
Pharmacia, Uppsala, Sweden. All antibodics were tested for reac-
tivity with well-characterized recombinant tree and grass pollen al-
lergens [1L 3,16, 17].

Sera from Allergic Patients

Patients with allergy to grass or birch pollen were characterized
according to case history, skin prick tests, RAST and by testing with
recombinant tree and grass pollen allergens as deseribed [16.17]. Sera
which had been tested for specificity with defined recombinant tree
and grass pollen allergens were used to detect nitrocellulose-blotted
allergens. Sera from nonallergic individuals according to the above
criteria were used as negative controls.

Pollen-Protein Extraction Methods

1 ¢ pollen from timothy grass and birch was shaken either in 30 ml
distilled water.in 30 ml 10 mM potassium phosphate buffer (pH 7)
with protease inhibitors [11] or in 30 ml PHEM-Tx buffer with pro-
tease inhibitors [I8] for 2 h at $°C. The protein extracts were cen-
trifuged for I hat 40.000 ¢ and the supernatants dialyzed against dis-
tiled water at 4°C and lvophilized. In addition. | g pollen from birch
or timothy grass was shaken in 30 ml distilled water for 4+ h at 37°C
and further treated as above or in 30 ml of water or PHEM-Tx buffer
and mechanical treatment with an ultraturrax ([ka. FRG). Pollen
protein extracts were also obtained by boiling [ ¢ pollen in SDS sam-
ple buftfer for 10 min and mechanical treatment with an ultraturrax
(Ika, FRG).

Kinetics and Time Course of Protein and

Allergen Elution from Pollen

50 mg ot birch or timothy grass pollens were placed in Eppendort
tubes, hydrated with 1 ml of distilled water. vortexed briefly and in-
cubated for 05,110 and 30 min, and 1, 2 and 6 h at 4 °C. The protein
extracts were then centrifuged for 1 min in a bench centrifuge at
10,000 g. 900 ul of the supernatants were transfered to a new tube and
the remaining 100 ul were discharged. The supernatants and pellets
were immediately frozen in liquid nitrogen before use. All experi-
ments were done in duplicates. Supernatants were checked for the
absence of pollen grains with a light microscope. The protein content
of the supernatants was determined using the method of Bradford
[19]. The altergen content of the supernatants was estimated by IgE-
inhibition studics. For [gE-inhibition studies sera were chosen with
specificity to most birch and grass pollen allergens. The reduction in
paticnt’s [gE binding to dot-blotted pollen allergens after preabsorp-
tion with supernatants was measured by determination of the de-
crease in bound l-labeled rabbit anti-human lgk (Pharmacia. Upp-
sada. Sweden) in a y-counter (LKB. Uppsala, Sweden). Measure-
ments of proteins and IgE binding were done as duplicates and the
results reflect mean vatues.

SDS-Polbeacrylamide Gel Electrophoresis and Immunoblotting

Protein cextracts were subjected to 1497 polvacrylamide gel clec-
trophoresis {20] and blotted onto nitrocellulose [21}. 30 ul of the
aqueous supernatants were loaded in each slot. The protein content
of the pollen supernatants after different hydration times is shown in
the results. In the case of different extraction procedures 1 ml dialy-
sate was lvophylized, resuspended in 100 ul water and 50 ul loaded per
slot. In the case of the SDS extract. | g pollen was boiled in 10 ml sam-
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Fig. 1. Coomasie blue-stained gel of birch pollen proteins. Lane M
represents the marker. Birch pollen proteins after 0.5, 1010 and 30 min
and 1, 2 and 6 h of hydration.

ple buffer and 20 ul thercof were loaded per slot. The nitrocelluloses
were cither incubated with 1110 dilutions of sera from pollen allergic
patients or with the monoclonal and polyclonal antibodics, diluted
1:500. For incubation of the nitrocelluloses and dilution of the anti-
bodics buffer B (50 mM Na-phosphate, pH 7.5, 0.53% Tween 20, 0.5%
bovine serum albumin, 0.05% NaN,) was used. Bound serum-1gE was
detected with 1:10 diluted "T-labeled rabbit anti-human IgE (Phar-
macia, Uppsala, Sweden), bound rabbit antibodics with a 1:2.000-
diluted =I-labeled donkey anti-rabbit antibody (Amersham. Buck-
inghamshire, UK) and bound mouse monocional antibodies were de-
tected with l-labeled sheep anti-mouse antibodies (Amersham,
Buckinghamshire, UK) diluted 1:1,000. As a control for [gE blots sc-
rum from a nonallergic patient was used. A normal rabbit scrum, di-
luted in the same way as the specific antisera. and a mouse mono-
clonal antibody, raised against a mugwort pollen allergen (unpub-
lished data) without cross-reactivity to birch pollen or timothy grass
pollen proteins, were used as negative controls. Blots were washed
twice for 5 min and once for 30 min in buffer B. incubated with the
primary antibodics overnight at 4 °C, washed as described above and
then incubated over night with the sccond antibodies at room tem-
perature. Blots were washed again and dried, exposed to Kodak
X-Omat-S films using Kodak intensifying screens (Kodak, Heidcel-
berg, FRG) at =70 °C. Time of exposure was between 24 and 72 h,

Electron Microscopy and Inmmunogold Labeling

Dry pollen grains or pollen grains which had been soaked for |
min in Beem capsules filled with distilled water were anhydrously
fixed on glass slides in p-formaldehyde vapor for 24 h at room tem-
perature and then treated with dimethoxypropane to remove water.,
The grains were then embedded into Lowicryl K4M and sections
were obtained as described [22]. The antibodies used for detection of
the allergens are described above. As second antibodies goat anti-
mouse antibodics coupled to 10-nm gold particles and goat anti-rab-
bit antibodies coupled to 20-nm gold particles from BioCell (Plano,
Marburg, FRG) were used. The following control experiments were
carried out: (1) replacement of monoclonal primary antibodics by a

monocltonal antibody of ditferent specificity and of rabbit polyclonal
antibody by i normal rabbit serum; (2) double labeling in reverse or-
der using secondary antibodies coupled to 10-nm gold particles be-
fore sccondary antibodics coupled to 20-nm gold particles: (3) single
labeling for Bet v Tand profilin, and (4) omission of primary antibod-
ies. Details of the fabeling procedure have been described [23, 24].
More than 5 sections of cach tabeling and control were examined to
obtain the representative pictures shown in figure 7.

Results

Kinetics of Allergen Release upon Hydration of Pollens

The release kinctics of allergens from pollen of timothy
grass (P, pratense) and birch (B. verrucosa) was monitored
by shaking pollens in distilled water for (0.5, 1, 10 and 30 min
and I. 2 and 6 h and detection of the allergens in the super-
natant and pcllet fractions using Coomassic-stainced geis
and immunoblots probed with patients’ serum IgE or spe-
cific antibodies.

The Coomassie-stained gel of the birch polien super-
natants (fig. 1) indicates that most proteins are extracted
within 60 min and no remarkable increase in the protein
content is observed in the supernatants after longer ox-
traction periods. Similar results were obtained when the
gelswere silver stained (data not shown). Bet v [ ranging at
17 kD represents the predominant component of the
aqueous supernatants. The major birch pollen allergen
Bet v 1 can be detected in the aqueous supernatants after
0.5 min (fig. 2a) and a parallel decrease in the amount of
Betv 1lisobscrved in the pellet fraction (fig. 2b). Birch pro-
filin appears later (10 min) and in smaller amounts in the
supernatants (fig. 3a). Again the pellet fraction shows G
decrease in the allergen content (fig. 3b). In the aqueous
supernatants from timothy grass pollen, profilin is de-
tected after (15 min at 14 kD (fig. 4¢) in paralicl to Phlp 1
(tig. 4a) and Phl p V + group-IT allergens (fig. 4b), but Phl
p Land Phl p V +group-1I allergens are more promingtic
components as can be seen in Coomassie-stained gels
(fig. 5b). In parallel to SDS-PAGE and immunoblots, the
protcin content in the supernatants was determined ac-
cording to Bradford [19] and allergen content was esti-
mated by IgE-inhibition studies. After 10 min of hydration
170 ug proteins were extracted from 50 pg birch pollen and
400 ug proteins were obtained from 50 mg timothy grass
pollen. After 2 h 336 ug were obtained from birch pollen
compared to 500 ug proteins which were extracted from
timothy grass pollen. Table [ shows the increasc in total
proteins and IgE-binding proteins in the supernatants
within 10 min and after 2 h. Most IgE-binding proteins are
cluted within the first 10 min.
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Fig. 2. a IgE immunoblots. Birch pollen proteins probed with se-
rum lgk of a patient allergic to Ber v 1. The supernatants were ana-
lyzed after hydration for 0.5, 1, 10 and 30 min and 1, 2 and 6 h. b Immu-
noblot containing proteins extracted from the pellet of hydrated
birch pollen which was probed with the monoclonal anti-Ber v Tanti-
body, BIP 1. The pellet fractions, which were separated from the su-
pernatants shown above, were analyzed atter 0.5, 1, 10 and 30 min and
I and 2 h of extraction.

Allergens Are Obtained by Aqueous

Protein Extraction Methods

Different protein extraction methods were applied for
the isolation of allergens trom birch and timothy grass pol-
fen. In particular we used aqueous hydration of pollen
grains, detergents which allow the isolation of membrane
proteins and cytoskeletal proteins such as profilin and
harsh extraction procedures, such as boiling the tissue in
SDS sample butfer combined with grinding of the tissuc.
The Coomassie brilliant blue-stained protein gels of birch
pollen protein extracts (fig. 5a) and timothy grass pollen
protcin extracts (fig. Sb) illustrate the outcome of the dif-

Fig. 3. [gE immunoblots of birch polien proteins probed with a
patient’s serum with reactivity to profilin (a) or a rabbit antibody
raised against recombinant birch profilin (b). a The supernatants af-
ter hydration of birch pollen for 0.5, 1, 10 and 30 min and I, 2and 6 h
probed with profilin-specific serum IgE. b The proteins extracted
from the birch pollen pellet fractions after 0.5, 1, 10 and 30 min and 1
and 2 h of hydration which were probed with a rabbit anti-profilin an-
tibody.

ferent methods. Among the aqucous extraction proce-
dures and the method using Triton X-100 (fig. 5, lanes 2--7)
little differences arc observed regarding the protein pat-
tern. Boiling of pollen in SDS-sample buffer and grinding
with an ultraturrax (fig. 5, lane 8) shows that in addition to
allergens a number of nonallergenic proteins can be ob-
taincd. All aqucous extraction procedures yicld high
amounts of the major allergens, Ber v 1 from birch pollen
and group-1, group-V and group-1I/III allergens from
timothy grass pollen. Profilins arc cxtracted in smaller
amounts by aqueous extraction. In contrast to the pollen
allergens, nonallergenic proteins such as heat shock pro-
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Fig. 4. Immunoblots of timothy grass pollen proteins probed with
arabbitanti-Lol p L antibody (a), or a rabbit anti-group-V/I1 antibody
(b) and a rabbit anti-recombinant birch profilin antibody (). Super-
natants after (0.3, 1, 10 and 30 min, and I and 2 h of hydration of tim-
othy grass pollen.
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Fig. 5. Coomassic blue-stained SDS-polyacrylamide gels contain-
ing birch pollen proteins (@) or timothy grass pollen proteins (b)
which were extracted by different procedures. Lane | represents the
marker: lane 2, proteins extracted in distilled water at 37°C: lane 3,
proteins extracted in distilled water at 4°C. Proteins in lane 4 were
extracted in buffer containing Triton X-100: in lane 5 a potassium
phosphate buffer was used: proteins in fane 6 and 7 were extracted as
in lane 3 and 4 using an ultraturrax, and in lane 8 polien was boiled in
SDS-sample buffer.

Table 1. Elution kinctics of total proteins and IgE-binding pro-
teins from birch (B. verrucosa) and timothy grass (1 pratense) pol-
len after hydration

Birch Timothy grass
05t0 10min  05to 10 min
10 min to2h I0min to2h
Increase in IgE-binding
components in the
aqueous supernatants, % 63 23 37 7
Increase in proteins in the
supernatants, % 59 49 25 20

The values displayed were obtained by comparing protein
amounts and percentages of Igks mhibition in the 0.3- and 10-min
and 2-hour fractions.
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tein 70 arc obtained preferentiatly by harsh extraction pro-
cedures, such as boiling the tissue in SDS sample buffer
and mechanical grinding (fig. 6).

Imunune Electron Microscopic Localization of

Allergens in Dy and Hydrated Bircli Pollens

Birch pollen grains were hydrated for 1 min and the dis-
tribution of two well-characterized birch pollen allergens.
Bet v Tand birch profilin (Ber v I1) was compared with dry
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Fig. 6. Immunoblot comparison of protein extraction procedures
Birch pollen proteins (a, b) and timothy grass pollen proteins (¢, d)
were extracted in an aqueous buffer containing Triton X-100 (a, ¢) or
by boiling the pollen in SDS-sample bufter and applving mechanical
grinding (b, d). In the case of birch pollen the nitroccllulose strips
were incubated with the anti-Ber v I monoclonal antibody BIP 1 (Tane
D)z inlane 2 with a rabbit anti-profilin antibody: in lanc 3 with a rabbit
anti-tomato heat shock protein 70 antibody, and lanc 4 reflects the
buffer control without addition of the primary antibody. The nitro-
cellulose strips containing timothy grass pollen extracts were incu-
bated with a rabbit anti-group I antibody (lane 1). a rabbit anti-group
V/IT antibody (Iane 2), a rabbit anti-birch profilin antibody (lane 3),
the rabbit anti-tomato heat shock protein 70 (lane 4). and in lanc 3
without primary antibody (buffer control).

pollen grains. Figure 7a shows an ultrathin section of a dry
birch pollen grain. Using double immunogold labeling of
Bet v 1 and birch profilin both allergens are found to be
uniformly distributed in the cytoplasm. whercas after |
min of hydration in distilled water. Ber v [ can be stained in
the exine and on the surface of the pollen grain (fig. 7¢).
Profilin, against which only around 10-20% of the paticnts
arc scnsitized, stains less dense and, after 1 min of hydra-
tion, no profilin was found on the surface of the pollen
grain. The distribution of gold particles in a number of sec-
tions obtained from dry and hydrated pollen grains was
evaluated. The sections shown were chosen as representa-
tive pictures and reflect the trend observed in different la-
belings. Control sections of dry and hydrated birch pollens
staincd with nonimmune rabbit or mouse sera. which had
been protein G affinity purified and contained the same
protein concentration as the specific antibodies (fig. 7b.
d), gave almost no background staining. indicating the
specificity of the labeling procedure.

Prediction of the Hydrophilicity of Pollen Allergens and

Amino Acid Analysis

To compare the primary structure of allergens with a
nonallergenic protein, we calculated the hydrophilicity
[25] of the birch pollen allergens, Berv T{1] and birch profi-
lin [2], and the timothy grass pollen allergens, Plil p 1 (un-
published data), Pl p V (unpublished data). and timothy
grass profilin, and compared the computer prediction with
a nonallergenic cytoplasmic protein. the heat shock pro-
tein 70. In the case of the grass pollen allergens Pl p 1 and
Phi p V, the hydrophobic leader peptides were included in
the analyses. No remarkable difference is observed in the
patterns derived from the allergens in comparison to to-
mato heat shock protein 70. All calculated proteins show

Fig. 7. Transmission clectron micrographs of ultrathin sections of
birch pollen-immunogoldstaining with Bet v - and profilin (Bet v 1H)-
specific antibodics. a, b Scctions of dry pollen grains fixed anhy-
drously showing wall and cytoplasm. ¢, d Pollen grains which were hy-
drated for | min in water. a, ¢ The sections were incubated with anti-
Bet v 1 {small arrows, small gold particles) and anti-profilin antibod-
ics (big arrows. large gold particles). b, d Sections which were in-
cubated with normal rabbit sera and mouse antibodies without
specificity for pollen proteins which had been passed over a protein G
affinity column. The bars represent 0.25 wm. E = Exine: ER = ¢n-
doplasmatic reticulum: I = intine: L = lipid: M = mitochondrion: §T
= starch; V = vesicle. Allergens are stained in the evtoplasm and after
I min of hydration Ber v Lis also observed in the pollen wall, exine and
on the outer membrane. The sections. which were incubated with the
control antibodies, showed almost no background staining.
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long hydrophilic and hydrophobic stretches. No marked
diffcrences regarding the hydrophilicity patterns and
amino acid composition of allergens and the nonaller-
genic heat shock protein 70 were observed.

Discussion

Itis well established that proteins of high aqucous solu-
bility and low molecular weight, which arce derived from
airborne particles such as pollen. mite feces, mould spores
and cat or dog dander, are likely to behave as allergens
[26-306]. In case of pollen, hydration may be considered as
the critical event when allergens are liberated upon con-
tact with the respiratory mucosa of allergic patients.

Previous immunochemical studies could not provide
sufficient information about the structure and biological
functions of allergens and whether the allergenic potency
of a protecin could be linked to its intrinsic propertics. The
characterization of allergens by molecular cloning tech-
niques cnabled us to obtain scquence data and thus in-
formation regarding the possible biological functions of
allergens [37]. The proteolvtic activity of allereens, as was
suggested for mite allergens [38], and the presentation of
Lol p IX (Lol p Ib, Lol p V) [39] via starch granules arc dis-
cussed as examples of a linkage between allergenicity and
properties of allergens. However, the possibility of clic-
iting an IgE response in animals by injection of low doscs
of the antigen in combination with aluminium hydroxide
as adjuvant [9] contradicts the idea that the allergenicity of
a protein may be linked directly to its intrinsic propertics.
An important role of presentation of proteins via the re-
spiratory mucosa in the course of sensitization is sug-
gested by a number of data showing that important {ood
allergens represent homologs of pollen proteins. Indeed a
considerable number of food-allergic patients cross-react
with the homologous pollen proteins [40. 411, whercas [gE
reactivity against a pollen protein docs not necessarily
imply reactivity to the homologous food allergen. By in-
cluding data on the genetic restriction of the IgE response
towards certain allergens [42], one would favor the con-
cept that, in genctically predisposed individuals, type-1 al-
lergy is likely to occur upon sensitization with accessible
proteins via the respiratory tract.

We then investigated parameters such as aqueous solu-
bility, kinctics of release, and distribution of well-defined
tree and grass pollen allergens. For this purpose the solu-
bility of pollen allergens was compared with a nonaller-
genic protein, the heat shock protein 70. In addition we
studicd the kinetics of allergen enrichment in aqueous su-

pernatants obtained by pollen hvdration. and monitored
the distribution of the major birch pollen allergen, Ber v 1
and birch profilin, in dry and hydrated pollen by immune
clectron microscopy. The comparison of different extrac-
tion procedures showed that aqueous extraction methods,
in particular shaking pollens for minutes in water lead to
the release of large amounts of birch pollen allergens (Bet
v I'and birch profilin) and timothy grass pollen allergens
(Phi p 1, Phi p V, and timothy grass profilin). Protein ex-
tracts which werc prepared by short-term hydration of
pollen preferentially contained large amounts of major al-
lergens. Harsh extraction procedures, such as boiling pol-
Ien grains in sample buffer, delivered a mass of additional
nonallergenic proteins such as heat shock protein 70 [13],
indicating that mostly allergenic proteins are available
rapidly upon hydration. Compared to other nonallergenic
proteins less Ber v Tis extracted by boiling pollen in SDS
sample buffer which may explain the weak Ber v [reactivity
in this extract (fig. 6b. d). At 37 °C an additional unidenti-
ficd protein of 69 kD could be extracted from birch pollen
with distilled water (fig. Sa, lane 1). As yet nothing is
known regarding this protein which probably represents a
minor cross-reactive allergen. We noted that a number of
pollen-allergic patients display IgE reactivity to a protein
of a similar molecular weight present in tree. grass and
weed pollen. Profilin, which represents a cytoskeletal pro-
tein, was less cfficiently extracted by aqueous hydration
than major allergens such as Bet v 1, Phl p 1, Phl p 'V, and
group-I1I/IIT allergens. The time course of pollen hydra-
tion shows that thosc allergens which are major allergens
for up to 90% of the patients such as Berv 1. Phlp 1. and Phi
p V can be detected earlier and in larger amounts in the
supernatants of hydrated pollen. Using serum IgE, birch
profitinis detected later in the aqueous supernatants com-
pared to timothy grass profilin. In fact timothy grass profi-
lin accounts for IgE binding in 20-23% of grass pollen-
allergic patients [3. 17]. whercas birch profilin is a target
for IgE antibodies in only 109% of the birch pollen-allergic
patients [16]. The observation that the frequency of sensi-
tization against an allergen may be linked to its release ki-
netics is also supported by the immune electron micro-
scopic studies with hydrated birch pollen, which show in a
double-labeling procedure that Bet v I can be stained after
I min of hydration in the cxinc and on the surface of the
pollen grain, whereas protilin is still Jocalized in the cy-
toplasm.

In accordance with previous findings, it is suggested
that an important prerequisite for a protein to behave as a
major allergen is a high degree of accessability upon hy-
dration. Low molecular weight proteins which can casily
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be dissolved out of airborne particles such as pollens are
likely to sensitize individuals via the mucosa of the respira-
tory tract. However, a direct linkage between the biolog-
ical function of allergens or their distribution in certain
compartments of the pollen, such as the starch granules
(431, and their ability to elicit an IgE response seem to be
less likely because the allergens which we investigated. Ber
1 [ a pathogenesis-related plant protein [1]. profilin a cy-
toskeletal protein [2-5] and the grass pollen allergens with
stilluncharacterized tunctions. Phl p Land Phi p V. are lo-
cated in different compartments of the pollen grain. rep-
resent proteins with different or unknown functions and
arce derived from far distantly related plant species such as
monocots (timothy grass, Phlewm prawense) or dicots
(birch. Betula verrucosa).

nonallergenic cvtoplasmic protein such as tomato heat
shock protein 70 [13], no significant differences were
found. Our study thercfore suggests that the allergenic
properties of allergens are rather correlated with their sol-
ubility in large amounts upon hydration and low molecular
weight than with common intrinsic propertics.
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