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SUMMARY: Profilin,an actin-binding protein, was previously
described as a ubiquitous allergen which is responsible for cross-
reactivities in about 20% of pollen and food allergic patients. A
complete cDNA clone coding for timothy grass (Phleum pratense)
pollen profilin was isolated using allergic patients IgE. The
deduced amino acid sequence of timothy grass profilin shares a
sequence identity of 79% with birch profilin and other plant
profilins and a lower average sequence identity of 35% with other
eukaryotic profilins. The high degree of homology among different
plant profilins at the DNA and protein level explains the extensive
cross-reactivities observed in profilin allergic patients.
Recombinant timothy grass pollen profilin was expressed in
Escherichia coli as a B-galactosidase fusion protein and shown to
bind IgE from profilin allergic patients similar to recombinant
birch profilin. Slight differences regarding the IgE-binding

capacity of birch and timothy grass profilin indicate that not all
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IgE-epitopes of the two profilins are conserved. It is speculated
that profilin allergic patients were initially sensitized against a
certain profilin and then cross-react with the homologous

proteins. © 1994 Academic Press, Inc.

Birch pollen profilin was initially discovered as important pollen
allergen (1, 2). More recently plant profilins were shown to bind
plant and mammalian actin (3, 4, 5) and also to interact with
polyphosphoinositides (Drobak et al., submitted). Profilin allergic
patients showed extensive IgE cross-reactivities which are most
pronounced with plant profilins derived from pollen and other
tissues of monocot and dicot plants (2, 6, 7 ). In addition, plant
profilins could be isolated by poly-(L-proline) affinity
chromatography and their immunological properties were found
to be similar to recombinant birch profilin (2). To attribute the
immunological similarity of plant profilins to the primary
structure, a cDNA coding for timothy grass (Phleum pratense)
pollen profilin was isolated using IgE from a profilin allergic
patient by expression screening. The cDNA and deduced amino
acid sequence revealed a more than 75% identity of plant profilins
(4) compared to a low sequence identity of 35% of plant profilins
with other eukaryotic profilins (3). The high degree of sequence
homology among the plant profilins provided an explaination for
the IgE- cross-reactivities among profilin allergic patients. Using
recombinant birch profilin which we had expressed as a non-
fusion protein in Escherichia coli (8) and timothy grass pollen
profilin expressed as a B-galactosidase fusion protein, the IgE-
binding capacity of both recombinant proteins was compared.
Profilin allergic patients showed IgE-cross-reactivity with birch
and timothy grass profilin. Differences in the IgE-binding capacity

of the proteins indicate that some patients were initially
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sensitized against one of the allergens and then displayed cross-

reactivity with the homologous proteins.

MATERIALS AND METHODS

Materials. Pollen from birch (Betula verrucosa) and timothy grass
(Phleum pratense) that were more than 95% pure as determined
by light and electronmicroscopy were purchased from Allergon,
AB (Vilinge, Sweden). Recombinant birch profilin was expressed
in pKK223-3, E. coli JM105 (8) and was purified as described (9,
10, 2).

Antibodies. Serum IgE specific for plant profilins was
characterized as described (8, 11). Rabbit anti-profilin antibodies
were used to characterize recombinant profilins. A rabbit
antibody designated RP1 was raised against purified celery root
profilin (6), two rabbit antibodies, RP2 and RP4, were raised
against purified recombinant birch profilin that had been
expressed in E. coli JM105/pKK223-3 and RP3 was raised against
the 25 C-terminal amino acid peptide of birch profilin conjugated

to keyhole limpet hemocyanin (3).

Construction and IgE-immuno-screening of the timothy grass
pollen cDNA library. Total RNA was prepared from pollen of
timothy grass and subjected to oligo-dT-cellulose chromatography
(12). cDNA was synthesized using a cDNA-synthesis kit from
Amersham, London, UK. Blunt-ended ¢cDNA was methylated with
EcoRI methylase (Promega, Madison, WI, USA), ligated to EcoRI
linkers (Boehringer Mannheim, Germany) cut with EcoRl
(Boehringer Mannheim, Germany). ¢cDNA was separated from
linkers with Nick columns (Pharmacia, Uppsala, Sweden), was
ligated into the EcoRI-cut, dephosphorylated lambda gtll arms
(Pharmacia, Uppsala, Sweden) and then packaged in vitro

(Amersham, London, UK). 200,000 recombinant phage were
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screened with IgE from profilin-allergic patients (13, 14).
Immunepositive clones were also tested for reactivity with rabbit

anti-profilin antibodies RP1, RP2, RP3, and RP4.

Subcloning, DNA sequencing of profilin from timothy grass pollen
and sequence comparison with other profilins. The recombinant
lambda gtll phage expressing profilin from timothy grass pollen
were isolated with serum IgE from a profilin-allergic patient and
tested for reactivity with rabbit anti-profilin antibodies. Lambda
DNA was prepared, and the Kpnl/Sacl fragment containing the
insert together with two flanking fragments of lambda gtll DNA
was subcloned into pUC18 and transformed into E. coli XL-1 blue
(15). Plasmid DNA was prepared and both strands sequenced (16)
using synthetic oligonucleotide primers. All DNA manipulations
followed current methods (15, 12). DNA and amino acid sequences

of timothy grass profilin are to be submitted to GenBank.

Expression of recombinant timothy grass and birch pollen profilin,
immunoblotting. Recombinant birch profilin was expressed in

E. coli IM105, pKK 223-3 as a non-fusion protein and purified as
described (2). Timothy grass pollen profilin was expressed as a B-
galactosidase fusion protein upon infection of lysogenic E. coli
Y1089 with recombinant lambda gtll phage as described for Phl
p II a major timothy grass pollen allergen (17). Proteins were
separated by denaturing SDS-polyacrylamide gel electrophoresis
(18) and blotted to nitrocellulose (19). IgE-immunodetection was

done as described (2).

RESULTS

Isolation of a ¢cDNA encoding profilin from timothy grass pollen,

A cDNA clone encoding birch profilin had been isolated previously
(1). To compare sequences from a dicot profilin with the profilin
from a monocot, a lambda gtll c¢DNA library comprising 2x107
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clones with >90% recombinants was constructed from pollen
mRNA of timothy grass. One of the clones which was obtained by
screening with serum IgE from a profilin-allergic individual
reacted with serum IgE from several profilin-allergic patients (8,
2) and with rabbit anti-profilin antibodies (3). The ¢cDNA was
subcloned into plasmid pUC18, and both DNA strands were
sequenced (16) using a forward sequencing primer (Pharmacia,
Uppsala, Sweden), a M13/pUC reversed sequencing primer
(Boehringer, Mannheim, Germany) and specific oligonucleotide
primers (Schmidheini, Windisch, Switzerland). One open reading
frame encoded a polypeptide of 131 amino acid residues with end

to end homology with profilins.

Sequence comparison of plant profilins with profilins from other
eukaryotes. Comparison of the ¢cDNA and deduced amino acid
sequences of profilin from timothy grass pollen with birch pollen

profilin is displayed in Figures 1 and 2. Although dicots and

1 60
Phleum pratense ATGTCGTGGCAGACGTACGTIGGACGAGCACCTGATGTGCGAGATCGAGGGCCACCALCTC
VERVEVRLERE PP i eer v o v veir 1o [
Betula verrucosa ATGTCGTGGCAAACGTACGTGGATGAACATTTGATGTGCGATATCGACGGGCAAGCCAGC
61 120
Phleum pratense GCCTCG. ..... GCGGCCATCCTCGGCCACGACGGCACCGTCTGGEGCCCAGAGCGCCGAC
1 (BRESRAER RN R RO R RN R RO R R R R RN AR R ] I
Betula verrucosa  ARCTCGCTGGCATCTGCGATCGTCGGTCACGATGGCTICTIGTGIGGGCCCAGAGCTCTTCC
121 180
Phleum pratense TTCCCCCAGTTCAAGCCTGAGGAGATCACCGGCATCATGARAGGATTTCGACGAGCCGGGG
CELEE et vreeer teee oot e bueenbenn o e et
Betula verrucosa TTCCCACAGTTTAAGCCTCAGGAAATCACTGGTATCATGAAGGACTTTGAGGAGCCGGGT
181 240
Phleum pratense CACCTCGCCCCCACCGECATGTTCGTCGCAGGTGCCAAGTACATGGTCATCCAGGGTGAA
A AR AN | i FELEErreierererire
Betula verrucosa CATCTTGCTCCGACGGGCTTACACCTTGGGGGCATAAAATACATGGTCATCCAGGGAGAG
241 300
Phleum pratense CCCGGTCGCGTCATCCGTGGCAAGAAGGGAGCAGGAGGCATCACCATAAAGAAGACCGGG
1111 R RN R R N N N R RN R A B A R R R R AT
Betula verrucosa  GCIGGTGCIGTCATCCGTGGAAAGAAGGGATCTGGAGGTATTACTATARAGAAGACTGGT
301 360
Phleum pratense CAGGCGCTGGTCGTCGGCATCTATGACGAGCCCATGACCCCTGGGCAGTGCARCATGGTG
R N R R R N N A N N R O A R NN RR R RN RN
Betula verrucosa CAAGCTCTCGTTTTTGGCATCTATGAAGAGCCTGTGACACCAGGACAGTGCAACATGGTT
361 399
Phleum pratense GTGGAGAGGCTTGGCGACTACCTCGT TGAACAAGGCATGTAG
Pereeeer vore e reeer e e e et
Betula verrucosa GTTGAGAGGTTGGGGGATTACCTTATTGACCAGGGCCTGTAG

FIGURE 1. Comparison of the nucleotide sequences (open reading
frames) from timothy grass pollen profilin and birch pollen

profilin. Gaps are indicated by periods.
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Acanthamoeba I - . SWQTYVDINL. . . .VGTG.AVITQAATLGLDGN. T . WAT . . SAGFA. VIPAQGQTLASA
IRRRRRRRR]) R R N N N N e e A I

Acanthamoeba II . .SWQTYVDINL....VGTG.AVTOARIIGHDGN.T.WAT. .SAGFA.VSPANGAALANA
PEreee o T O L L T |

Phleum pratense  .MSWQTYVDEHLMCEIEGHHLAS..AAILGHDG. TVWA..QSADFPQFKPEEITGIMKD
Prvrerebrrnne v L N e N A S N RN

Betula verrucosa .MSWQTYVDEHLMCDIDGQASNSLASAIVGHDG..SVWA. .QSSSFPQFKPQEITGIMKD
UL Lot Htt | [

Homo sapiens MAGWNAYID.NLMADGTCQ. . . .DA.AIVGYKDSPSVWAAVPGKTFVNITPAE . VGVLVG

Acanthamoeba I FNNADP IRASGFDLAGVHYVTL. . . . . . RADDRSIY.GKKGSAGV. . . ITVKTSKSILV.
Voo e PUILEL et i 1l

Acanthamoeba II  FKDATAIRSNGFELAGTRYVTI...... RADDRSVY . GKKGSAGV . . . ITVKTSKAILI.
| L AN il |

Phleum pratense FDEPGHLAPTGMEVAGAKYMVI...... QGEPGRVIRGKKGAGG. . . . ITIKKTGQALVV
AEERARNN Vi PEL L i i VULLEEETTL

Betula verrucosa FEEPGHLAPTGLHLGGIKYMVI...... QGEAGAVIRGKKGSGG. . . . ITIKKIGQALVF
A " ty | Vol

Homo sapiens . KDRSSFYVNGLTLGGQKCSVIRDSLLODGEF SMDLRTKSTGGAP TENVIVTKTDKTLVL

Acanthamoeba I
Acanthamoeba II
Phleum pratense

Betula verrucosa

Homo sapiens
FIGURE 2. Comparison of the amino acid sequences of birch and
timothy grass pollen profilin with Acanthamoeba profilin isoforms
I/II, and human profilin. Identical amino acids are indicated by
vertical bars. The arginine residues in the plant sequences which
correspond to lysine 115 in the Acanthamoeba sequences are

boxed and indicated with an asterisk.

monocots are distantly related in evolution, birch and timothy
grass profilin cDNA sequences are closely related. The identities in
the first, second and third bases of codons are 83%, 95% and 52%
(average 77%). The amino acid sequence identity of timothy grass
and birch profilin is 79% compared to a low degree of sequence
identity in the range of 40% with Acanthamoeba I/I1 (20) and
30% with human profilin (21) (Fig. 2). The lysine residue at
position 115 (Fig. 2, asterisk) in the Acanthamoeba sequences
which was suggested to participate in actin-binding (22) is

replaced by an arginine in the plant profilins. Figure 2 illustrates
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the amino acid sequence identity of birch and timothy grass
profilin with other eukaryotic profilins. Both plant profilins share
a sequence identity of 79%, whereas the sequence identities
observed with other profilins do not exceed 49%. Profilins from
Dictyostelium profilin (23) and Physarum profilin (24) are most

closely related to the plant profilins.

Comparison of the calculated hydrophilicity and antigenicity of
birch and timothy grass pollen profilin. Analysis of the deduced
amino acid sequences was done on a Micro VAX computer (Digital
Equipment corp.) with the PEPTIDESTRUCTURE program of the
University of Wisconsin Genetics Computer Group program
package version 4. Comparing the hydrophilicity and surface
probability of birch and timothy grass profilin no significant
differences were observed (Figure 3). The prediction of antigenic
sites according to Jameson-Wolf (25) showed however some
differences between amino acid 65-80 which might acount for the
slightly different IgE-antibody binding pattern observed in
profilin allergic patients. Both proteins showed no glycosilation

sites.

Comparison of the IgE-binding capacity of recombinant birch and
timothy grass pollen profilin. Recombinant birch profilin was
compared regarding the IgE-binding capacity with recombinant
timothy grass profilin by immunoblotting with sera from profilin
allergic patients (Figure 4, lanes 1-8). Sera from patients
sensitized against other allergens and serum from a non-allergic
patient were included as negative controls ( Figure 4, lanes 9-11).
All profilin allergic patients showed IgE-reactivity to
nitrocellulose blotted recombinant birch and timothy grass
profilin whereas the control individuals did not react. No
reactivity was observed with B-galactosidase. A different intensity

of binding to recombinant birch and timothy grass profilin was
112



Vol. 199, No. 1, 1994 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

timothy grass pollen profilin
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FIGURE 3. Comparison of predictions for hydrophilicity,
antigenicity and surface probability of birch and timothy grass

pollen profilin.

however noted in patients #3 and #6 although both allergens
were present in excess to IgE on the nitrocellulose membrane. The
result suggests that most of the IgE-epitopes are conserved
between birch and timothy grass profilin whereas some epitopes

are present exclusively on one of the two profilins.

DISCUSSION

Profilins were originally described as actin binding proteins in
eukaryotes (26, 27). Recently birch profilin was identified as

important pollen allergen (1) and it was demonstrated that
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recombinant
timothy grass profilin

1 234586

lambda gt11
12 3456 7 891011

recombinant birch profilin

123456789101

14—
kD

FIGURE 4. Comparison of the IgE-binding capacity of birch and
timothy grass pollen profilin,

Purified recombinant birch profilin, recombinant timothy grass
profilin and B-galactosidase (negative control) were tested with
serum IgE from profilin allergic patients (lanes 1-8), with serum
IgE from two patients sensitized against other grass pollen
allergens (lanes 9-10) and without addition of serum (buffer

control) (lane 11).

profilin functions as actin-binding protein in higher plants (3, 4).
Using proteinchemical and immunological techniques, plant
profilins were characterized as cross-reactive allergens in pollen,
vegetables and fruits (2, 11, 6, 7, 28). Using allergic patients
serum IgE a ¢cDNA coding for timothy grass (Phleum pratense)
profilin was isolated and expressed in E. coli as a B-galactosidase
fusion protein. The cDNA and deduced amino acid sequences of
birch profilin were compared with the timothy grass profilin

sequences. 79% sequence identity was found between monocot
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and dicot profilins whereas the sequence identity between plant
and other eukaryotic profilins was rather low (<40%).

Birch profilin and timothy grass profilin were expressed in
E. coli and tested for IgE-binding with sera from profilin allergic
patients. Although both recombinant proteins bound serum IgE
from all profilin allergic individuals tested, some patients bound
more intensively to birch or timothy grass profilin indicating that
most patients react with epitopes which are well conserved
between birch and timothy grass profilin whereas some patients
are sensitized against epitopes which are present on only one of
the proteins. This finding suggests that profilin allergic patients
might be sensitized initially against a certain profilin which then
leads to a cross-reactivity with related epitopes on other profilins.
The present data fit to the observation that more profilin allergic
patients can be found in a population of grass pollen allergic
patients (2, 11) than in a population of birch pollen allergic
individuals (8) which would correlate with the faster elution of
profilin from grass pollen (29). The slightly different pronounced
reactivity of profilin allergic patients with birch and timothy grass
profilin would indicate that profilin allergic individuals are
sensitized initially against a certain profilin and due to structural
similarities with other profilins show cross-reactivities. Since
there were observed only small differences regarding the IgE-
binding capacity of birch and timothy grass profilin, both
molecules seem to be equally suited for diagnostic or therapeutic
approaches. The structural similarities among different profilins
and other important allergens such as the major tree (30, 31, 32,
33) and grass pollen allergens (13, 17, Laffer et al., submitted)
provide the molecular basis for clinical relevant cross-reactivities
observed in allergic patients which may finally lead to the concept

of using a rather small number of structurally and
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immunologically related allergens for the diagnosis and therapy of

allergic diseases (34).

ACKNOWLEDGMENTS

This study was supported by grant 3/9677 of the "Fonds zur
Forderung der gewerblichen Wirtschaft" and by grants S6002-Bio
S06703-Med of the "Fonds zur Forderung der wissenschaftlichen

Forschung".

REFERENCES

1. Valenta, R., Duchéne, M., Pettenburger, K., Sillaber, C., Valent,
P., Bettelheim, P., Breitenbach, M., Rumpold, H., Kraft, D., and
Scheiner, O. (1991) Science 253, 557-560.

2. Valenta, R., Duchéne, M., Ebner, C., Valent, P., Sillaber, C.,
Deviller, P., Ferreira, F., Tejkl, M., Edelmann, H., Kraft, D., and
Scheiner, 0. (1992) J. Exp. Med. 175, 377-385.

3. Valenta, R., Ferreira, F., Grote, M., Swoboda, 1., Vrtala, S.,
Duchéne, M., Deviller, P.,, Meagher, R. B., McKinney, E., Heberle-
Bors, E., Kraft, D., and Scheiner O. (1993) J Biol Chem 268, 22777-
22781.

4. Staiger, C. 1., Goodbody, K. C., Hussey, P. J., Valenta, R., Drobak,
B. K., and Lloyd, C. W. (1993) Plant J. 4, 631-641.

5. Rothkegel, M., Valenta, R, and Jockusch, B. M. (1993) Abstract
in: Eur. J. Cell Biol. suppl. 37, 42.

6. Vallier, P., Dechamp, C., Valenta, R., Vial, O., and Deviller, P.
(1992) Clin. Exp. Allergy 22, 774-782.

7. vanRee, R., Voitenko, V., vanLeeuwen, W. A., and Aalberse, R.
C. (1992) Int Arch Allergy Immunol 98, 97-104,

8. Valenta, R., Duchéne, M., Vrtala, S., Birkner, T., Ebner, C.,
Hirschwehr, R., Breitenbach, M., Rumpold, H., Scheiner, O., and
Kraft, D. (1991) J. Allergy Clin. Immunol. 88, 889-894.

116



Vol. 199, No. 1, 1994 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

9. Lind, S. E., Janmey, P. A., Chaponnier, C., Herbert, T.-J., and
Stossel, T. P. (1987) J. Cell Biol. 105, 833-842.

10. Lindberg U., Schutt, C. E., Hellsten, E., Tjider A.-C., and Hult, T.
(1988) Biochim. Biophys. Acta. 967, 391-400.

11. Valenta, R., S. Vrtala, C. Ebner, D. Kraft, and O. Scheiner.
(1992) Int Arch Allergy Immunol 736, 287-294.

12.  Ausubel, F. M,, Brent, R., Kingston, R. E., Moore, D. D., Seidman,
J. G., Smith, J. A., and Struhl, K. (1987) in Current protocols in
molecular biology. Greene Publishing Associates and Wiley-
Interscience. New York.

13.  Vrtala, S., Sperr, W. R, Reimitzer, 1., VanRee, R., Laffer, S.,
Miiller, W. D., Valent, P., Lechner, K., Rumpold, H., Kraft, D.,
Scheiner, O., and Valenta, R. (1993) ] Immunol 151, 4773-4781.
14. Breiteneder, H., Pettenburger, K., Bito, A., Valenta, R., Kraft, D.,
Rumpold, H., Scheiner, O., and Breitenbach, M. (1989) EMBO 1J. 8§,
1935-1938.

15. Sambrook J., Fritsch E. F., and Maniatis T. (1989) in Molecular
Cloning, Cold Spring Harbor Laboratory Press, New York.

16. Sanger, F., Nicklen, S., and Coulson A. R. (1977) Proc. Natl.
Acad. Sci. USA 74, 5463-5467.

17. Dolecek, C., Vrtala, S., Laffer, S., Steinberger, P., Kraft, D.,
Scheiner, O., and Valenta, R. (1993) FEBS Lett.,in press.

18. Laemmli, U. K. (1970) Nature 227, 680-685.

19. Towbin, H., Staehelin, T., and Gordon, J. (1979) Proc. Natl.
Acad. Sci. USA 76, 4350-4354.

20. Ampe, C., Sato, M., Pollard, T. D., and Vandekerkhove J.
(1988) Eur. J. Biochem. 170, 597-601.

21. Kwiatkowski D. J., and Bruns, G. A. P. (1988) J. Biol. Chem.
263, 5910-5915.

22. Vandekerckhove, J. S., Kaiser, D. A., and Pollard, T. D. (1989)
J. Cell Biol. 109, 619-626.

117



Vol. 199, No. 1, 1994 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

23. Haugwitz, M., Noegel, A. A., Rieger, D., Lottspeich, F., and
Schleicher, M. (1991) J. Cell Sci. 100, 481-489.

24. Takagi T., Mabuchi, I., Hosoya, K., Furuhashi, S., and Hatano, S.
(1990) Eur. J. Biochem. 192, 777-781.

25. Jameson, B. A., and Wolf, H. (1988) CABIOS 4, 181-186.

26. Reichstein, E., and Korn E. D. (1979) J. Biol. Chem. 254, 6174-
6179.

27. Isenberg, G., Aebi, U., and Pollard, T. D. (1980) Nature 288,
455-459.

28. Hirschwehr, R., Valenta, R., Ebner, C., Ferreira, F., Sperr, W. R,,
Valent, P., Rohac, M., Rumpold, H., Scheiner, O., and Kraft, D. (1992)
J Allergy Clin Immunol 90, 927-936.

29. Vrtala, S., Grote, M., Duchéne, M., van Ree, R., Kraft, D.,
Scheiner, O., and Valenta, R. (1993) Int Arch Allergy Immunol
102, 160-169.

30. Valenta, R., Breiteneder, H., Pettenburger, K, Breitenbach, M.,
Rumpold, H., Kraft, D., and Scheiner, O. (1991) J Allergy Clin
Immunol 87, 677-682.

31. Breiteneder, H., Ferreira, F., Reikerstorfer, A., Duchéne, M.,
Valenta, R., Hoffmann-Sommergruber, K., Ebner, C., Breitenbach,
M., Rumpold, H.,, Kraft, D., and Scheiner, O. (1992) J Allergy Clin
Immunol 90, 909-917.

32. Larsen, J. N., Stroman, P., Ipsen, H. (1992) Mol Immunol 29,
703-711.

33.  Breiteneder, H., Ferreira, F., Hoffmann-Sommergruber, K.,
Ebner, C., Breitenbach, M., Kraft, D., and Scheiner, O. (1993) Eur J
Biochem 212, 355-362.

34. Valenta, R., Duchéne, M., Vrtala, S., Ball, T., Ferreira, F., Laffer,
S., Hirschwehr, R., Ebner, C., Sperr, W., Valent, P., Kraft, D.,
Scheiner, O. (1993b) In: Vaccines 93 Eds: Chanock R. M., Ginsberg
H. S., Brown F., Lerner R. Cold Spring Harbor Laboratory Press,

New York, 37-42.
118



