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Homology of Two cDNAs Coding
for Birch Pollen Allergens with
Calmodulin: Protein-Bound Ca®
Affects the IgE-Binding Capacity
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Abstract

Birch pollen is known to contain two well-defined allergens, Ber v [, a protein,
which is a major allergen for 95% of the birch-pollen-allergic individuals, and
birch profilin, which we could identify as a novel tvpe of plant pan allergen.
Here, we report the identification of two novel birch pollen allergens with
significant sequence homology to calmodulin. Although both allergens are
rear targets for patients’ IgE (5-10%). we consider them of particular interest
because both proteins require the native protein conformation and protein-
bound Ca** for IgE binding. Thus we describe for the first time an IgE epitope

which is assembled by a polypeptide and a divalent cation, Ca**.
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Introduction

Antigen-antibody interactions are still poorly under-
stood, and there exists considerable disagreement about
the definition of epitopes [1]. The molecular character-
ization of allergens by recombinant techniques contrib-
uted to our knowledge about IgE-binding structures of
allergens. So far, polypeptides as well as large conforma-
tional structures assembling different portions of one mol-
ecule were described as IgE epitopes. In case of birch
pollen profilin [2]. we could identify a C-terminal [gE-
binding polypeptide of twenty aminoacid residues,
whereas in case of the major birch pollen allergen Ber v 1
the complete protein seems to be required for IgE bind-
ing. because proteolvtic fragments of this molecule lost
their TgE-binding capacity [3]. In general. most of the
allergens described so far were capable of binding pa-
tients’ IgE after denaturing SDS gel electrophoresis and
clectroblotting to nitrocellulose [4]. Yet one example of a

house dust mite allergen was described which could be
isolated as a native recombinant protein from phages, but
could not be detected on immunoblots prepared from
mite extracts [3]. We now describe the cloning of calmo-
dulin-like allergens from birch pollen which require the
presence of protein-bound Ca-" in addition to the native
protein conformation for IgE binding. This novel type of
an IgE epitope illustrates the diverse requirements for
allergen-IgE interactions.

Results and Discussion

We screened a birch pollen cDNA library with serum
[¢E fromallergic patients and isolated two cDNAs encod-
ing birch pollen allergens with significant sequence ho-
mology to calmodulin and calmodulin-like proteins. Both
clones. designated c13 and ¢16. contained the tvpical Ca” -
binding motif [6] in their deduced amino acid sequence
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but represent distinct proteins. Oligonucleotides comple-
mentary to the coding region of these cDNAs hybridized
with birch pollen mRNA at 900 nucleotides but not with
mRNA from leaves and female inflorescences [7]. This
indicates a prominent expression of these proteins with a
presumable molecular weight of about 20 kD in pollen.
Although only 5-10% of pollen-allergic patients bound
with their IgE to both recombinant allergens, we consid-
ered these proteins to be of particular interest because
calmodulins are proteins that can be found in all eukaryot-
iccellsincluding man. They play akey role in Ca?* binding
and in activation of phosphodiesterase, and similar to the
plant pan allergen profilin, calmodulins are linked to the
phosphoinosite pathway [8]. Binding of patients’ IgE re-
quires the native conformation of the protein since SDS
polyacrylamide gel electrophoresis of the pollen-derived
as well as of the recombinant proteins led to complete loss
of IgE binding. Depletion of Ca** with EGTA from
plaque lifts containing the native recombinant allergens
lead to a significant and reversible loss of the binding of
calmodulin-specific IgE antibodies, but did not affect IgE
binding to other allergens [7]. This indicates that allergen-
bound Ca™ is part of the IgE epitope and that changes of
the native protein conformation affect the IgE binding
capacity. Further characterization of the structure of these
proteins may contribute to our knowledge about the

mechanisms of IgE-allergen interactions on the molecular
level.
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Fig. 1. Deduced amino acid sequences of the Ca’*-binding motifs
of clones 13 and 16. Identical amino acid residues are indicated.
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Fig. 2. Proposed mechanism for the interaction of patients’ IeE
with calmodulin-like allergens from birch (cl3. cl6). a Binding of
patients’ IgE requires protein-bound Ca** to form the epitope. b
Depletion of Ca™* by EGTA leads to a reversible change of the
allergen conformation and loss of IgE binding.

ooo-o--0-..-oo...o....o......-..o-oa..-o-..oooo.-o-cnoc--oooooo.--co--ooo.o'o.-.oco-oo-ooo.oo.o-a---ooo'on-o.a--c..-n-o.-.o...ooco..o.o-oouooooo--o

References

SI: Epitopes on protein antigens: Misconcep-

tions and realities. Cell 1990:61:353-336. 1987:8:452-463.

2

Laver WG, Air GM. Webster RG. Smith-Gill 4 Tovey ER. Baldo BR: Characterization of al-
lergens by protein blotting. Electrophoresis

7 Seiberler S. Valenta R. Kraft D. Scheiner O:
Homology of two ¢cDNAs coding for birch pol-
len allergens with calmodulin and calmodulin-

Ball T. Valenta R. Kraft D. Scheiner O: Char- 5 Thomas WR, Chua KY. Greene WK. Stewart like proteins: in Kraft D. Schon AH (eds):
acterization of [gE-epitopes of birch pollen GA: Recombinant mite allergens: in Schon Molecular Biology and Immunology of Aller-
profilin by recombinant techniques. Allergy AH. Kraft D. Kunkel G (eds): Epitopes of gens. Boca Raton. CRC Press, 1992,
1992:12(supplement 47):29. Atopic Allergens. Brussels. UCB Institute of 8 Cohen P. Klee CB (eds): Calmodulin: in Mo-

3 Ipsen H. Hansen OC: Structural similarities Allergy. 1989, pp 77-81. lecular Aspects of Cellular Regulation. Am-
among allergens of tree pollens: in Sehon AH. 6 Babu YS. Bugg CE. Cook WIJ: Structure of sterdam. Elsevier, 1988.

Kraft D. Kunkel G (eds): Epitopes of Atopic
Allergens. Brussels, UCB Institute of Allergy.
1989. pp 3-8.

calmodulin refined at 2.2 A resulution. J Mol
Biol 1988:263:7544-7549,




