Allergic cross—reactivity made visible:
The solution structure of the major cherry allergen

Pru av 1

Philipp Neudeckér Kristian Schweimer Jorg Nerkamp Stephan Scheurer
Stefan Vieth§ Heinrich Stichtand Paul R6sch

* Lehrstuhl fur Struktur und Chemie der Biopolymere, Universitat Bayreuth, Bayreuth, Germany
* Abteilung Allergologie, Paul-Ehrlich—Institut, Langen, Germany
Phone: +49-921-553869; Fax: +49-921-553544; E—mall: philipp.neudecker@uni—bayreuth.de

Birch pollinosis is often accompanied by hypersensitivity to fruit as

consequence of the cross-reaction of pollen—allergen spec kDa 1 2 3 A S 6
iImmunoglobulin E (IgE) antibodies with homologous food proteins.

) : .. . 206.0
provide a basis for examining the cross-reactivity on a structural level 117.0 B
used heteronuclear multidimensional nuclear magnetic resonance (N 790 B
spectroscopy to determine the first high—resolution three—dimensic 433 B e
structure of a pollen-related food allergen, a well-defined structure of ‘ |
major cherry allergen Pru av 1 in solution. The secondary structure ele 34.7
and the tertiary fold of Pru av 1 are virtually identical to the major bi
pollen allergen Bet v 1. The fact that the P-loop around Glu45, whic 203 B>
known as one of the IgE antibody binding epitopes of Bet v 1, is structur
conserved in Pru av 1 suggests this region to constitute a cross-rea AR - - ” » - g
epitope. This might also explain why Api g 1.0101, the major cele 76 B
allergen where 45 |s replaced b Ine, fails to efficier aduce | '
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Fig. 5: Immunoblot inhibition of IgE binding to Bet v 1a (1), Api g 1.0101 (2), Mald 1 (3), Pruav 1
(4), Pyrc 1 (5), and Cor a 1.0401 (6) on the solid phase. A serum pool from birch pollinotic
patients with associated food allergy was preincubated with Bet v 1a (3). Serum from a non
allergic subject (1) and samples without inhibitor (2) were used as controls.

Fig. 2: Backbone overlay of the 2&ccepted structures of Pru av 1. C, N, and O atoms are color-
' coded gray, blue, and red, respectively. Thefétminus on the left—hand side is hidden by kDa

_ the loop from 1le86 to Glu96, the COOH-terminus can be seen on the right—-hand side. 205,0 —

|ntroduct|on sf[ructureg. are in excellent agreement, e_specially as far qﬁs—$|tlands_ are concerned. The 1200 —
side—chain of Gl45 shown at the bottom is clearly solvent—exposed in all structures. 84,0 —

Up to 70 % of birch pollen allergic patients who suffer from clinicg
syndromes like rhinitis, asthma, and dermatitis also show hypersensitivi 52,2 —
fresh fruit or vegetables. The allergic reactions after ingestion of fobds 36,3 —
are predominantly oropharyngeal, for example itching and swelling of i 302 —
tongue and throat, but in rare cases even severe anaphylactic reactio & o S o
possible. The symptoms of these type | allergies are caused by an im 21,9 — e Fig. G'g;‘ﬁ'c}“gﬁgg i oon ZL'%E(B'”SAZQ Atgipéulaa’lcl)lor(‘zt)hgs
response which is triggered when two receptor—bound immunoglobuli inhibitors. A sample without inhibitor (3) and serum from
(IgE) antibodies on the surface of a mast cell or basophil are cross-linke a non-allergic subject (4) were used as controls.

T3 3 4 Preincubation of the serum pool with Api g 1.0101 only
leads to a small reduction of IgE binding to Pru av 1.

simultaneous binding of an otherwise harmless antigen, the so-—ce
allergen. Pollen—associated food allergies are a consequence of the ¢
reaction of pollen—-allergen specific IgE antibodies with highly homologc
proteins contained in foodstuff. The 17.4 kDa major bird&etgla
verrucosa pollen allergen Bet v 1 is responsible for IgE binding in mo
than 95 % of birch pollen allergic patients. A series of allergens with h
sequence identity to Bet v 1 have been reported, pollen allergens from ¢
trees belonging to thBagalesorder as well as food allergens like Api ¢
1.0101 from celery Apium graveolens Mal d 1 from apple Nlalus
domesticy Pru av 1 from cherryPrunus avium Pyr ¢ 1 from pearRyrus
communis)and Cor a 1.0401 from hazelnaylus avellana(Fig. 1).
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Cora l0A0T Fig. 3: Schematic representation of the secondary structure elements of Pru av 1. Same vie
Aplg 1 S R PR - Fig. 2. A folded seven-stranded antipargiesheet and two shoot—helices arranged in a-V
MLN&4 gsdnesdeevagkksfsagereyirggkeatavvdqgil ageenwkfeknneygdtvytie ] ) ]
216 220 230 240 250 260 270 shaped manner wrap around a long COOH-ternurdalelix to form a basket-like structure
with the long helix resembling a handle, thus creating a large hydrophobic cavity in
center, which is very unusual for proteins.
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Fig. 1: Structure—based sequence alignment with Pru av 1 of Pyr ¢ 1 (83.5% sequence identity
av 1), Mal d 1 (82.9%), Cor a 1.0401 (64.4%), Bet v 1 isoform a (59.1%), Api g 1.0
(41.2%), and the START domain of MLN64 (8.5%). The sequence positions above
below the sequences correspond to Pru av 1 and MLNG4, respectively. Gaps in the alig
are indicated by dots. Residues conserved in at least 4 of the 6 allergens are highlight

grey boxes, residues conserved in all 6 allergens by black boxes. The secondary StryGlIrg. gackhone overlay of the solution structure of Pru av 1 (green) and the crystal structure a
elements of Pru av 1 are shown below the alignment. The alignment of the allergens with Pru v 1! (orange). Same view as in Fig. 2 and 3. The tertiary fold is almost identical.

av 1 is based on homology models created by SWISS-MODEL, the alignment of the START

domain of MLN64 with Pru av 1 on a Dali server comparison; the 129 MLN64 residues used _ _ _ _
for the alignment are printed in uppercase, residues not used for the alignment in lowercads@r Bet v 1, the glycine-rich P—-loop around Glu45 was recently identif

as the binding epitope of a monoclonal murine IgG antibody with h
capacity to inhibit binding of serum IgE from allergic patients to Bet.v
Methods and Results Introduction of four point mutations including E45S indeed reduced the
In contrast to Bet v1% ®as yet no high-resolution three—dimension&inding capacity by severalfaldin the crystal structure of the complek ¢

structure of any of the corresponding food aIIergens Is avallable. Since Bﬁ%v 1 with the IgG Fab fragment the negatively Charged side—clha.iq:ié)_ 8: Visualization of the hydrophobic cavity. Similar view as in Fig. 2, 3, 4 and 7. The backbone

is a prerequisite for a detailed understanding of the observed immune crod¢45 is located in a binding pocket of the antibody with a positive  of the solution structure of Pru av 1 is shown in red, the cavity is indicated by blue lines.
reactivity on a structural level, we determined the three—dimensioglgictrostatic potential, where it forms two hydrogen bonds. In addition to Residues whose amide proton resonances disappeared from the NMR spectra upon prese

structure of the 17.5 kDa major cherry allergen Pru av 1 in solution base&b#5, which is found to be solvent-exposed in all 22 accepted structures o 8: ['V%n ggstztstsetgggem%lffcﬁe'gtgg';iﬂt%t?n‘fﬁﬂ2”%?,,?;?5?506\,3”6‘:? gcfelgaed yellow. The locat
a series of mostly heteronuclear multidimensional NMR experimeRtsl av 1 (Fig. 2), 14 of the remaining 15 residues forming the interface |

performed on both uniformiPN- and**C/*°N-labeled samplés. Pru av 1 between Bet v 1 and the IgG Fab fragment are conserved or substiigd, s
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