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Summary

Type I allergy is a major health problem in industrialized countries where up to 15% of the
population suffer from allergic symptoms (rhinitis, conjunctivitis, and asthma). Previously, we
identified a cDNA clone that encoded a birch pollen allergen as profilin. Profilins constitute
a ubiquitous family of proteins that control actin polymerization in eukaryotic cells; in particular,
profilin participates in the acrosomal reaction of animal sperm cells. Although profilins had been
unknown in plants so far, our finding led to the assumption that profilins might have similar
functions in pollens during plant fertilization and therefore represent allergenic components in
almost all pollens. We show that profilins are prominent allergens that can be isolated from tree
pollens (Betula verrucosa, birch), from pollens of grasses (Phleum pratense, timothy grass), and
weeds (Artemisia vulgaris, mugwort). About 20% of all pollen allergic patients tested (n = 65)
displayed immunoglobulin E (IgE) reactivity to recombinant birch profilin that was expressed
in pKK223-3. An IgE inhibition experiment performed with recombinant birch profilin and
purified natural profilins from timothy grass and mugwort indicates common IgE epitopes.
Moreover, all pollen profilins purified from these far distantly related plant species, and likewise
the purified recombinant birch profilin, are able to elicit dose-dependent histamine release via
high affinity Fce receptor of blood basophils from profilin allergic patients. The presence of profilin
and possibly related proteins as crossreacting allergenic components in various plants therefore
provides an explanation as to why certain allergic patients display type I allergic reactions with
pollens and even food from distantly related plants. A functional pan-allergen, like profilin, available
as purified recombinant protein, may be a useful diagnostic and probably therapeutic reagent.

llergies of the immediate type are an important health
problem in industrialized countries. One approach to

get deeper insight into the pathogenesis of allergic diseases
involves the characterization of allergens. The application of
molecular biological techniques during the last few years has
significantly improved our knowledge about the structure
and biological function of atopic allergens (1). So far, the pri-
mary structure of allergens from the house dust mite (2),
and pollens of trees (3), grasses (4), and weeds (5) have been
determined by recombinant techniques. Computer-aided com-
parison of the deduced amino acid sequence revealed homology
of the major birch pollen allergen Bet v I with a group of
pathogenesis-related plant proteins (3). Yet all pollen allergens
identified so far were expressed exclusively in pollens of one
particular species and in those species that are botanically closely
related (6). So far no ubiquitous allergen was identified that

could provide an explanation for the clinical phenomenon
that a high percentage of allergic patients are sensitized to
a broad spectrum of pollens from distantly related plants.

Recently, we cloned and characterized a novel birch pollen
allergen (Bet v II), which we could identify as profilin (7), by
sequence homology and affinity to poly(L-proline)-Sepharose.

Profilins are ubiquitous components of the eukaryotic
cytoskeleton. Proteins of this family function as actin-
sequestering proteins (8) and were found to play an impor-
tant role during the acrosomal reaction of echinoderm sperm
(9). Furthermore, profilins participate in the phosphoinosi-
tide pathway, during signal transduction and reassembly of
the cytoskeleton (10, 11).

So far no plant profilins have been described although the
presence of a protein complexed to actin was reported (12).
It was therefore tempting to speculate that profilins could
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constitute essential components of pollens and fulfill func-
tions in plant fertilization that are similar to those already
described for the acrosomal reaction of animal sperm (9).
The present study demonstrates that profilins are promi-
nent allergens in pollens of trees, grasses, and weeds that are
recognized by ~20% of all pollen-allergic patients. Thus,
profilins are characterized as a novel type of pan-allergens
sharing IgE epitopes. Profilin-allergic patients can be discrimi-
nated as a group of multivalent allergic patients suffering
throughout the pollen season from allergic symptoms. Purified
natural pollen profilins as well as recombinant birch profilin
are able to induce histamine release from basophils of profilin-
allergic patients but not from basophils of patients allergic
to other allergens, in particular to recombinant and pollen-
derived Bet v I (3), the major birch pollen allergen. In addi-
tion, a passive transfer experiment showed that pure chronic
myeloic leukemia (CML)! basophils after short-term culture
released significantly more histamine with recombinant birch
profilin when they were preincubated with serum of an al-
lergic patient containing profilin-specific IgE compared with
a preincubation with serum of a nonallergic donor. These
data identify the plant profilins as a group of pan-allergens
that do not only bind to patients’ IgE antibodies but are also
functional in a cellular model of the allergic reaction.

Materials and Methods

Expression of the cDNA Encoding Birch Profilin and Bet v 1. The
¢DNAs encoding birch profilin (7) and the major birch pollen al-
lergen Bet v I (3) were subcloned into the EcoRI site of plasmid
pKK223-3 (13). These constructs were transformed into Escherichia
coli JM 105 (thi, str A, endA, sbcB15, hsdR4, lac-proAB, (F',
traD36, proAB, 1acl"ZM15]), and colonies producing the recom-
binant allergens were identified by IgE colony screening with serum
IgE of profilin allergic patients as described (14). E. coli JM 105
containing the expression plasmid were grown at 37°C to an OD
(600 nm) of 0.3, and then protein expression was induced with
addition of 1 mM final concentration IPTG (isopropylthio-3-
galactoside) for 3 h. E. coli cells were harvested and washed three
times in 0.9% NaCl

Purification of Natural Profilins from Pollen, and Recombinant Birch
Profilin from E. coli.  Pollen from birch (Betula verrucosa), timothy
grass (Phleum pratense), and mugwort (Artemisia vulgaris) determined
to be 95% pure by light and electron microscopy was obtained
from Allergon AB (Engelholm, Sweden). For preparation of recom-
binant birch profilin, E. coli JM 105 transformed with pKK223-3
containing the cDNA encoding birch profilin was used. Biological
material was lysed in PHEM-TX buffer (15) and the lysate was cen-
trifuged for 1 h at 65,000 g at 4°C. The supernatants were in-
cubated overnight at 4°C with poly(L-proline) coupled to BrCN-
activated Sepharose 4B (Pharmacia, Uppsala, Sweden) (16).

Then, the affinity matrix was washed three times with two
volumes of TBS-ATP (20 mM Tris, 150 mM NaCl, 0.5 mM ATP,
pH 7.6) each time and then eluted for 5 min at room temperature
(RT) with 2 vol of elution buffer I (TBS-ATP with 2 M urea).
This procedure was repeated twice with elution buffer II (TBS-
ATP with 6 M urea). The supernatants were dialyzed against dis-

1 Abbreviation used in this paper: CML, chronic myeloic leukemia.

tilled water at 4°C and lyophilized. Purity and amount of the
profilins were checked by polyacrylamide gel electrophoresis (17)
and IgE immunoblots (Fig. 1) (18).

Purification of Natural and Recombinant Bet v I.  Pollen-derived
Bet v I was purified from birch pollen by afhinity chromatography
to anti-Bet v I mAb BIP 1, as described (19). Recombinant Bet
v 1 was prepared from the E. coli pellet obtained from a 500-ml
culture. The cells were broken in ~20 ml of 50 mM Tris-HC,
220 mM NaCl, pH 7.5, by freezing twice in liquid nitrogen and
thawing at 37°C. After centrifugation at 30,000 g for 25 min, the
supernatant was dialyzed against 25 mM imidazole-HC! buffer,
pH 7.4, and chromatofocussed in a PBE-94 exchanger column (Phar-
macia) at room temperature. The column was washed with 25 mM
imidazole-HCI buffer, pH 7.4, and the protein eluted with 12.5%
(vol/vol) Polybuffer 74 (Pharmacia) that was titrated to pH 4.0
with HCI. The pooled fractions of recombinant Bet v I were sub-
jected to HPLC using a linear gradient of 2-propanol created within
50 min at room temperature (CB8, reversed-phase column; solvent
A, 0.1% TFA in water; solvent B, 90% 2-propanol/0.1% TFA;
gradient of 0-60% solvent B; flow rate 1.0 ml/min). Both pro-
teins were checked on immunoblots for IgE binding property.

Characterization of Mugwort and Grass Pollen Allergic Patients.
Grass pollen and mugwort pollen allergic patients were character-
ized by case history, skin prick tests, and RAST, as described ear-
lier (18). Sera from all patients were tested for IgE reactivity with
total pollen proteins from P. pratense and A. vulgaris on IgE immu-
noblots.

IgE Immunoblotting with Patients’ Sera. 30 sera from grass
pollen-allergic patients and 35 sera from mugwort pollen-allergic
patients were tested for IgE binding to total pollen proteins from
each species, for binding to natural profilins enriched from the respec-
tive species, and to purified recombinant birch profilin. Proteins
had been separated by PAGE (17) and wete blotted onto nitrocellu-
lose (20). Bound serum IgE was detected as described (18).

IgE Immunoblot Inhibition. A serum pool of five patients with
strong IgE reactivity to birch profilin was diluted 1:5 in buffer A
(50 mM sodium phosphate, pH 7.5, 0.5% Tween 20, 0.5% BSA,
0.05% NaN3) and preincubated either with purified recombinant
birch profilin, profilin from timothy grass, control proteins from
E. coli transformed with pKK223-3 without insert, or buffer A
without addition of proteins, overnight at 4°C. The preincubated
serum dilution was used for IgE binding to purified mugwort
profilin that had been blotted onto nitrocellulose. Bound serum
IgE was detected as described above.

Immunoblots with a Rabbit Anticelery Profilin Antibody.  Strips of
nitrocellulose containing purified profilins from pollens of birch
(Fig. 4 B), timothy grass (S), and mugwort (M) were incubated
with a 1:1,000 dilution of a rabbit anticelery profilin antibody (Val-
lier, P., Ch. Dechamp, R.. Valenta, O. Vial, and P. Deviller, manu-
script submitted for publication). Bound antibody was detected
with a ®I-labeled donkey anti-rabbit antibody (Amersham Corp.,
Amersham, UK) that was diluted at 1:1,000. For dilution of anti-
bodies and incubation of blots, TBSTween (50 mM Tris-HCI, 150
mM NaCl, 0.5% Tween 20, pH 7.4) was used.

Histamine Release Experiments with Natural Pollen Profilins, Recom-
binant Birch Profilin (rBet v 1I), Pollen-derived Bet v I, and Recombinant
Betv] Histamine release from blood basophils of profilin-allergic
patients, patients that are allergic to the major birch pollen allergen
Bet v 1, and a group of nonallergic donors was done after informed
consent was given. Allergic patients had been characterized as de-
scribed previously (18) and, in addition, their sera were tested for
IgE binding to recombinant birch profilin (tBet v II) and recom-
binant Bet v I on immunoblots (14). Peripheral blood cells were
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Figure 1. IgE Immunoblot of the purification of profilins from (4) birch pollen (B. verrucosa), (B) timothy grass pollen (P. pratense), and (C) mugwort
pollen (A. vulgaris). Total IgE-binding pollen proteins from birch, timothy grass, and mugwort are shown in lane T, lane F is the flow through of
the proteins not bound to poly(L-proline)-Sepharose, and subsequent elution steps of profilins are E1-E3 (E4 is birch) (EI elution with 2 M urea,

E2, 3, and 4 elutions steps with 6 M urea).

fractionated by incubation in 1.1% dextran 70 and 0.008 mM EDTA
for 90 min at RT. Cells of the granulocyte-rich upper layer were
then centrifuged (200 g, 4°C, 8 min) and washed twice in Pipes
buffer (25 mM Pipes, 110 mM NaCl, 5 mM KCl, pH 7.35). Gran-
ulocytes were resuspended in Pipes buffer containing 2.0 mM
CaCl,. Cells were adjusted to a final concentration of 2.5 x
10¢/ml and incubated with various concentrations of agonists in
multiwell plates. Basophils were incubated either with various con-
centrations (dose range, 10-* to 1 ug/ml) of purified allergens or
anti-IgE mAb E-124-2-8 as a positive control for 30 min at 37°C.
Thereafter, cells were centrifuged (200 g, 4°C) and the cell-free
supernatants recovered and analyzed for the presence of histamine
by radioimmunoassay (Immunotech, Marseille, France), as described
previously (22). Total histamine in cell suspensions was determined
after cell lysis in distilled water. For passive sensitization experi-
ments, >95% pure CML basophils (22) were used. Basophils were
kept in culture for 4 d (RPMI plus 10% FCS [Gibco Laboratories,
Grand Island, NY], 37°C, 5% CO,) and were exposed to recom-
binant human (th)IL-3 (Genetics Institute, Cambridge, MA) (100
U/ml) before being used in transfer experiments. Cells after this
treatment lacked bound autologous IgE but were found to retain
their ability to respond to release-inducing compounds. After cul-
ture the cells were exposed to 20% serum of a patient with specific
IgE against profilin and a control serum of a nonallergic individual
for 3 h. Thereafter, cells were washed three times in medium and
incubated with various concentrations of recombinant birch profilin
for 30 min. Histamine release into the supernatant was determined
as above.

Results

Purification of Pollen Profilins and Recombinant Birch Profilin.
Using the known afhnity of profilins to poly(L-proline)-
Sepharose (16), we could purify pollen profilins from birch
(B. verrucosa), timothy grass (P. pratense), and mugwort (A.
vulgaris), as well as recombinant birch profilin. To monitor
the purification procedure of pollen profilins, blots that docu-
ment the purification steps of profilins from pollens of birch
(B. verrucosa) (Fig. 1 A), timothy grass (P. pratense) (Fig. 1
B), and mugwort (A. vulgaris) (Fig. 1 C) were incubated with
serum IgE of a selected patient reacting in addition to profilin
with most pollen allergens of the respective species. These
blots show that profilins from tree, grass, and weed pollens
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can be purified to apparent homogeneity by affinity to poly(L-
proline)-Sepharose.

IgE Reactivity of Grass Pollen- and Mugwort Pollen—allergic
Patients with Profilins.  Sera of 30 grass pollen allergic patients
were tested for IgE reactivity with crude pollen proteins ex-
tracted from timothy grass (P. pratense) (Fig. 2 A), profilins
enriched from pollen of timothy grass (Fig. 2 B), and purified
recombinant birch profilin (Fig. 2 C) on IgE immunoblots.
All patients who bound with their IgE to the enriched grass
profilin had comparable IgE reactivity to recombinant birch
profilin, suggesting common IgE-binding epitopes. According
to the percentage of patients with IgE reactivity (30%), profilin
could be identified as important grass pollen allergen. On
blots containing crude grass pollen extracts, profilin is difficult
to identify because a series of other allergens (groups II and
ITI) (23) ranges in a similar molecular mass. The reactivity
of patients’ IgE with the grass pollen profilin can therefore
not be distinguished from the binding to group II and III
allergens in crude pollen protein extracts (Fig. 2 A).

The same experiment was done with a group of 35
mugwort-allergic patients. Again the patients were tested for
IgE reactivity with total pollen proteins from mugwort (Fig.
3 A), profilin enriched from mugwort pollen (Fig. 3 B), and
recombinant birch profilin (Fig. 3 C). 33% of the patients
were found to display IgE reactivity against profilin, which
therefore is identified as an important allergen of mugwort
pollen. Corresponding binding of patients’ IgE to profilins
suggests similar IgE-binding capacity of recombinant birch
profilin and profilin from mugwort pollen. Within crude pro-
tein extracts of mugwort pollen, the profilin appears as dis-
tinct IgE binding band at ~14 kD.

Crossreactivity of a Rabbit Anticelery Profilin Antibody with
Profilins from Different Plants. A rabbit anticelery profilin an-
tibody that identifies profilins from celery and apples (Vallier
et al., manuscript submitted for publication) as allergenic com-
ponent in food crossreacted with pollen profilins purified from
birch, grasses, and mugwort (Fig. 4).

Demonstration of Common IgE-binding Epitopes of Recombinant
Birch Pollen Profilin and Pollen Profilins from Grasses and Mug-
wort.  The presence of common IgE-binding epitopes between
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the various plant profilins was further tested in an IgE im-
munoblot inhibition experiment (Fig. 5). Purified mugwort
profilin was subjected to electrophoresis and blotted to nitrocel-
lulose. A serum pool of five patients with IgE reactivity against
birch profilin was diluted as described in Materials and
Methods, preincubated either with recombinant birch profilin
(Fig. 5, lane 2), profilin from P. pratense (Fig. 5, lane 3), pro-
teins from E. coli (Fig. 5, lane 1), or with serum dilution
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Figure 2. IgE immunoblot.
=46  Grass pollen-allergic patients were
tested for IgE binding to total pollen
~30  proteins from P pratense (A), to
profilin enriched from pollen (B),
and to purified recombinant birch
=21 profilin expressed in pKK223-3,
E. coli JM105 (C). 0 is a serum pool
from nonallergic individuals and P
‘ —~14 represents the buffer control with-
kD  out addition of serum.

buffer only (Fig. 5, lane 4), and then used for IgE binding.
Addition of nondenatured profilin from P. pratense ot recom-
binant birch profilin in the fluid phase inhibits binding of
patients’ IgE to blotted mugwort profilin. These data pro-
vide strong evidence for the presence of common IgE-binding
epitopes on the pollen profilins tested.

Histamine Release from Blood Basophils of Profilin Allergic Pa-
tients.  To assess whether the similar capacity of the different

380  Profilins as Functional Plant Pan-allergens



12 3 4 56 7 B9 10 N 1213 1415 1% 7 1819 2021 22 23 242526 27 28 2930 31 32 33 34 15 0§

92=

69= B .

46=

: . Bs
4 I a,-mul Mk wa
' ’

- > . . . - . -0

1= - ©

-
kD

B 1 2 34567 8 9 10M1213 1415116 17 18192021 222324252627 28 293031 3233 343536 0 p

92
69=

46~ ¥

30=

21=

14— W - - - .

kD

C 1 23456 78 910N 21BKW 15161718 192021 22 232425262728 29303132 333435360 p

92~

69= 92

46= ~69
~46

30=

21~ =30

kD

- . —14

kD

Figure 3. IgE immunoblot. Mugwort allergic patients were tested for IgE reactivity with total pollen proteins from A. vulgaris (A), with profilin
enriched from pollen (B), and with recombinant birch profilin as above (C). Lanes O and P are as in Fig. 2.
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Figure4. IgGimmunoblot. Purified profilins from pollens of birch (B)
(B verrucosa), timothy grass (S) (P pratense), and mugwort (M) (A. vul-
garis) were tested with a rabbit anticelery profilin antibody (lanes 1). Lanes
2 shows the buffer control without the addition of antibody.

plant profilins to bind patients’ IgE can also lead to hista-
mine release, basophils of patients who are allergic against
Bet v 1 and profilin (Fig. 6 A), and patients allergic to Bet
v I only (Fig. 6 B), were incubated with the different plant
profilins and, to ensure specificity of the in vitro system, with
purified birch pollen—derived Bet v I and purified recombinant
Bet v 1. All purified pollen-derived profilins as well as the
recombinant birch profilin induced significant histamine re-
lease in patients allergic to profilin and Bet v I, whereas no
release was seen with basophils from patients allergic to Bet
v I only and a healthy control group. The results of these
experiments are summed up in Table 1. In all cases tested
the natural and recombinant allergens released histamine in
the same way, and perfect correlation was found between IgE
reactivity of the patient’s sera on immunoblots and capacity
of their basophils to release histamine towards the purified
natural as well as recombinant allergens. Furthermore, these
data show that the structural similarity of all plant profilins
derived from different species leads to common IgE-binding
capacity and hence to comparable functional effects on the

12 34

69>
46>
30> Figure 5. IgE-immunoblot inhibi-
tion. Purified profilin from mugwort
A. vulgaris had been blotted to
nitrocellulose. A serum pool from five
patients with IgE reactivity to recom-
binant birch profilin was used for IgE
21> binding to profilin. After dilution (1:5

in buffer A), the serum pool was
preincubated either with 10 ug of
recombinant birch profilin (lane 2),
with profilin purified from P. pratense
(lane 3), or with control proteins from
E. coli JM 105 transformed with
pKK223-3 containing no inserted
cDNA (lane ). In lane 4, no protein
was added (buffer control).

14>~ & é
kD

cellular level. Passive transfer experiments (Fig. 6 ¢) further-
more indicate that it is possible to reconstitute in vitro an
allergic effector mechanism leading to histamine release using
purified CML basophils, specific serum IgE from a profilin
allergic patient, and recombinant birch profilin. Although
the release obtained in the passive transfer was less pronounced
than in the direct assay with basophils from allergic donors,
it was significant when compared with the control performed
with serum from a nonallergic donor.

Discussion

In a previous paper we described profilin as novel birch
pollen allergen sharing IgE epitopes even with human profilin
(7). This particular birch pollen allergen, designated Bet v
I1, was isolated from a cDNA library constructed from birch
pollen mRNA. Sequence homology with profilins from yeast
(24), slime mold (25), Ancanthamoeba (26), mouse (27), calf
(28), and human (29) was found by computer-aided compar-
ison of the deduced amino acid sequence of the birch profilin
with known proteins. The natural as well as the recombinant
birch profilin bound to poly(L-proline)-Sepharose (16) and
IgE autoreactivity was found to the human counterpart.

So far nothing was known about a function or even pres-
ence of profilins in plants. The important role of profilins
in animal fertilization made it tempting to speculate about
a similar role in plants. We show that profilins can be iso-
lated from pollens of far distantly related plant species (trees,
grasses, and weeds) by affinity to poly(L-proline)-Sepharose.
All pollen profilins bind to a rabbit anticelery profilin anti-
body (Vallier et al., manuscript submitted for publication),
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Table 1. Comparison of Histamine Release and IgE Reactivity
of Different Allergic Patients to Pollen-derived and Recombinant
Allergens

Maximum IgE
Patient no. Allergen release reactivity
1 nprof nt -
rprof 3.4 -
tBet v 1 38.8 +
nBet v I 38.7 +
2 nprof nt -
rprof 4.5 -
tBet v 1 291 +
nBet v | 3.4 +
3 nprof nt +
rprof 55.3 +
tBet v 1 nt -
nBet v [ nt -
4 nprof nt +
rprof 42.1 +
tBet v 1 47 +
nBet v | 43.2 +
5 nprof nt -
rprof 0.7 -
tBet v 1 36.8 +
nBet v [ 37.3 +
6 nprof nt -
rprof 2.4 -
rBet v 1 4.1 -
nBet v 1 6.4 -

nprof, pollen-derived birch profilin; rprof, recombinant birch profilin;
nBet v 1, pollen-derived Bet v I; tBet v I, recombinant Bet v I; nt, not tested.

indicating common antigenicity of all these proteins. Moreover,
purified profilins from timothy grass (P. pratense) and from
mugwort (A. vulgaris) share IgE-binding epitopes with the
recombinant birch profilin, as was demonstrated by testing
these proteins on immunoblots with serum IgE from 30 grass
pollen allergic patients and with serum IgE from 35 mug-

wort allergic patients. All patients who displayed IgE reac-
tivity to the enriched profilin from grass and mugwort pollen
bound also to purified recombinant birch profilin.

Since antigen-antibody interactions can be modified when
proteins are blotted to nitrocellulose (30), competitive inhi-
bition studies were performed. IgE antibodies to mugwort
profilin that had been blotted to nitrocellulose can be blocked
by preincubation of patient’s IgE with nondenatured recom-
binant birch profilin or grass pollen profilin (P. pratense) in
the fluid phase. To further test the functional properties of
these plant profilins in an in vitro cellular system, histamine
release tests with blood basophils from allergic patients were
carried out. As a result, we show that in addition to common
IgE-binding capacity, all these purified profilins are able to
induce significant histamine release in profilin-allergic patients
and characterize these proteins as functional pan-allergens.
A series of control experiments performed with an allergen
different from profilin, natural and recombinant Bet v I, and
patients with different patterns of IgE reactivity towards these
allergens, ensure specificity of the bioassays. Less pronounced,
a passive transfer experiment showed that it was possible to
reconstitute in vitro the cascade leading to an allergic response
by using a recombinant allergen (recombinant birch profilin),
profilin specific serum IgE, and highly purified CML basophils.

Our data demonstrate that profilin-allergic patients con-
stitute ~v20% of all pollen-allergic individuals. All these pa-
tients display similar IgE reactivity to pollen profilins from
different species, as well as to profilins in plant food (21) and
various fruits (31, Hirschwehr, R., R. Valenta, C. Ebner, F.
Ferreira, O. Scheiner, and D. Kraft, manuscript submitted
for publication). This may be of importance for diagnosis
and possibly therapy of Type I allergy because it modifies the
current view that patients are allergic towards a certain spe-
cies to a view in which a certain allergenic protein is the cross-
sensitizing agent. The identification of such pan-allergens that
despite of their different origin are likely to cross-sensitize
patients may help to see the puzzling variety of allergens more
clearly and can explain the clinical observation that some pa-
tients suffer from allergic symptoms (rhinitis, conjunctivitis,
and asthma) throughout the pollen season and even show
intolerance towards food of plant origin. The availability of
such a purified pan-allergen as a recombinant protein for di-
agnostic purposes (14) therefore allows discrimination of a
novel group of multivalent allergic patients and probably im-
proves our knowledge of mechanisms leading to type I al-
lergy. In addition, the purified recombinant birch profilin
might be a useful tool for hyposensitization treatment of al-
lergic patients.

This work was supported by grant 3/7556 of the “Forschungsférderungsfonds fiir die Gewerbliche Wirt-
schaft,” Vienna, and by grants P7891 and $6002-BIO of the “Fonds zur Férderung der Wissenschaftlichen

Forschung,” Vienna.

Address correspondence to Rudolf Valenta, Institute of General and Experimental Pathology, University
of Vienna, AKH, Wihringergiirtel 18-20, A-1090 Vienna, Austria.

Received for publication 9 September 1991.

384 Profilins as Functional Plant Pan-allergens



References

1.

2.

10.

11,

12.

13.

14.

15.

Sehon, A.H., D. Kraft, and G. Kunkel. 1990. Epitopes of Atopic
Allergens. The UCB Institute of Allergy, Brussels, Belgium.
Chua, KY,, G.A. Stewart, W.R. Thomas, R.J. Simpson, R.J.
Dilworth, T.M. Plozza, and K.J. Turner. 1988. Sequence anal-
ysis of cDNA coding for a major house dust mite allergen.
Der p 1. J. Exp. Med. 167:175.

. Breiteneder, H., K. Pettenburger, A. Bito, R. Valenta, D. Kraft,

H. Rumpold, O. Scheiner, and M. Breitenbach. 1989. The
gene coding for the major birch pollen allergen Bet v 1, is highly

homologous to a pea disease resistance response gene. EMBO
(Eur. Mol. Biol. Organ.) J. 8:1935.

. Singh, M.B,, T. Hough, P. Theerakulipsut, A. Avjoglu, S. Da-

vies, PM. Smith, P. Taylor, R.J. Simpson, L.D. Ward, J.
McCluskey, R. Puy, and B. Knox. 1991. Isolation of cDNA
encoding a newly identified major allergenic protein of rye-
grass pollen: intracellular targeting to the amyloplast. Proc. Natl.
Acad. Sci. USA. 88:1384.

. Rafnar, T., L]. Griffith, M. Kuo, J.F. Bond, B.L. Rogers, and

DG. Klapper. 1991. Cloning of Amb a I (Antigen E), the major
allergen of short ragweed pollen. J. Biol. Chem. 266:1229.

. Valenta, R., H. Breiteneder, K. Pettenberger, M. Breitenbach,

H. Rumpold, D. Kraft, and O. Scheiner. 1991. Homology of
the major birch pollen allergen, Bet v I, with the major pollen
allergens of alder, hazel, and hornbeam at the nucleic acid level
as determined by cross-hybridization. J. Allergy Clin. Immunol.
87:677.

. Valenta, R., M. Duchéne, K. Pettenburger, Ch. Sillaber, P.

Valent, P. Bettelheim, M. Breitenbach, H. Rumpold, D. Kraft,
and O. Scheiner. 1991. Identification of profilin as a novel pollen
allergen: IgE autoreactivity in sensitized individuals. Science

(Wash. DC). 253:557.

. Isenberg, G., U. Aebi, and T.D. Pollard. 1980. An actin-binding

protein from Acanthamoeba regulates actin filament polymer-
ization and interactions. Nature (Lond.). 288:455.

. Tilney, L.G., E.M. Bonder, L.M. Coluccio, and M.S. Mooseker.

1983. Actin from Thyone sperm assembles on only one end
of an actin filament: a behavior regulated by profilin. J. Cell
Biol. 97:112.

Goldschmidt-Clermont, P.J., L.M. Machesky, J.J. Baldassare,
and T.D. Pollard. 1990. The actin-binding protein profilin binds
to PIP; and inhibits its hydrolysis by phospholipase C. Science
(Wash. DC). 247:1575.

Vojtek, A., B. Haarer, J. Field, J. Gerst, T.D. Pollard, S. Brown,
and M. Wigler. 1991. Evidence for a functional link between
profilin and CAP in the yeast. S. cerevisiae. Cell. 66:497.
Heslop-Harrison, J., Y. Heslop-Harrison, M. Cresti, A. Tezzi,
and F. Ciampolini. 1986. Actin during pollen germination.
J. Cell Sci. 86:1.

Amann, E., J. Brosius, and M. Ptashne. 1983. Vectors bearing
a hybrid trp-lac promoter useful for regulated expression of
cloned genes in Escherichia coli. Gene (Amst.). 25:167.
Valenta, R., M. Duchéne, S. Vrtala, T. Birkner, C. Ebner, R.
Hirshwehr, M. Breitenbach, H. Rumpold, O. Scheiner, and
D. Kraft. 1991. Recombinant allergens for immunoblot diag-
nosis of tree pollen allergy. J. Allergy Clin. Immunol. In press.
Lind, S.E., P.A. Janmey, C. Chaponnier, T.J. Herbert, and T.P.
Stossel. 1987. Reversible binding of actin to gelsolin and profilin

385

Valenta et al.

16.

17.

18.

19.

20.

21.
22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

in human platelet extracts. J. Cell Biol. 105:833.

Lindberg, U., C.E. Schutt, E. Hellsten, A.C. Tjider, and T.
Hult. 1988. The use of poly(L-proline)-Sepharose in the isola-
tion of profilin and profilactin complexes. Biochim. Biophys. Acta.
967:391.

Laemmli, UK. 1970. Cleavage of structural proteins during
the assembly of the head of bacteriophage T4. Nature (Lond.).
227:680.

Jarolim, E., H. Rumpold, AT. Endler, H. Ebner, O. Scheiner,
and D. Kraft. 1989. IgE and IgG antibodies of patients with
allergy to birch pollen as tools to define the allergen profile
of Betula verrucosa. Allergy (CPH). 44:385.

Jarolim, E., M. Tejkl, M. Rohac, G. Schlerka, O. Scheiner,
D. Kraft, M. Breitenbach, and H. Rumpold. 1989. Monoclonal
antibodies against birch pollen antigens: characterization by
immunoblotting and use for single-step affinity purification
of the major allergen Bet v I. Int. Arch. Allergy Appl. Immunol.
90:54.

Towbin, HT.,, T. Stachelin, and J. Gordon. 1979. Elec-
trophoretic transfers of proteins from polyacrylamide gels to
nitrocellulose sheets: procedure and some applications. Proc.
Natl. Acad. Sci. USA. 76:4350.

Deleted in proof.

Valent, P., J. Besemer, M. Muhm, O. Majdic, K. Lechner, and
P. Bettelheim. 1989. Interleukin 3 activates human blood
basophils via high-affinity binding sites. Proc. Natl. Acad. Sci.
USA. 86:5542.

Ford, S.A., and B.A. Baldo. 1986. A re-examination of ryegrass
(Lolium perenne) pollen allergens. Int. Arch. Allergy Appl. Immun.
81:193.

Magdolen, V., U. Oechsner, G. Miiller, and W. Bandlow. 1988.
The intron-containing gene for yeast profilin (PFY) encodes
a vital function. Mol. Cell. Biol. 8:5108.

Takagi, T., H. Mabuchi, H. Hosoya, K. Furuhashi, and S.
Hatano. 1990. Primary structure of profilins from two species
of echinoidea and Physarum polycephalum. Eur. J. Biochem.
192:777.

Ampe, C., S.L. Vandekerckhove, L. Brenner, E.D. Tobacman,
and J. Korn. 1985. The amino acid sequence of Acanthamoeba
profilin. J. Biol. Chem. 260:834.

Widada, J.S., C. Ferraz, and J.-P. Liautard. 1989. Total coding
sequence of profilin cDNA from Mus musculus macrophage.
Nucleic Acids Res. 17:2855.

Ampe, J., F. Markey, U. Lindberg, and ]. Vandekerckhove. 1988.
The primary structure of human platelet profilin: reinvestiga-
tion of the calf spleen profilin sequence. FEBS (Fed. Eur. Bio-
chem. Sci.) Lett. 228:17.

Kwiatkowski, DJ., and G.A.P. Bruns. 1988. Human profilin
Molecular cloning, sequence comparison, and chromosomal
analysis. J. Biol. Chem. 263:5910.

Laver, W.G., G.M. Air, R.G. Webster, and S.J. Smith-Gill. 1990.
Epitopes on protein antigens: misconceptions and realities. Cell.
61:553.

Ebner, C., T. Birkner, R. Valenta, H. Rumpold, M. Breiten-
bach, O. Scheiner, and D. Kraft. 1991. Common epitopes of
birch pollen and apples: studies by Western and Northern blot.
J. Allergy Clin. Immunol. 88:588.



