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The structure of an allergen playsa crucial rolein type | allergy. Itis

involved in the sensitization process aswell asin allergic reactions that

are caused by repetitive exposure. Here, we focused on the abundant

group | allergens of grass pollen, which are known for their IgE inducing = grassgroup | allergens

potential. We identified at least four independent IgE-binding regions typel allergy
(conformational epitopes) on the molecule. A few continuous epitopes post-trandational
were determined, but they seem to be of minor relevance. As regards modifications
post-trangdational modifications we detected disulfide formations, one N- epitope mapping
glycan of the complex type and two hydroxylated proline residues. All protease

these modifications increased the allergenicity. Additionally it was shown
that IgE cross-reactivity to unrelated proteins such as tomato is caused
by similaritiesin carbohydrate moieties.

Like several food allergense.g. Act ¢ 1 (kiwi fruit), Gly mBd 30K
(soybean) and the dust mite allergen Der p 1, the grass pollen allergen
Phl p 1 isa cysteine protease. We proved this by use of specific
substrates, specific inhibitors, and by comparison of the protein
sequences. In analogy to Der p 1 we deduce that Phl p 1 might enhance
the permeability of the epithelium, influence T helper cellsto cause a bias
to Th2, and increase the IgE production of plasma cells. Thus, the group

| allergens seem to be important componentsin a pollen extract which
can mediate sensitization and enhance the triggering of symptoms leading
to a persistence of grass pollen allergy.

(Internet Symposium on Food Allergens 1999, 1(3):95-101)
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INTRODUCTION

More than 20 % of the population in industrial countries suffer from allergies, espedally fromtype |
alergy. The dlergic readion is antigen spedfic and the structure of the dlergen isinvolved in both the
sengtization processand in the dicitation of symptoms. Therefore, the answer to the question why a
cetain antigen beaomes an alergen must be related to its gructural charaderistics.

In order to study the structural impaad of allergens, we focused on grasspollen allergens. Their antigenic
repertoires are quite similar among dfferent spedes and show crossreadivitiesto alot of foods sich as
tomato (De Martino et al. 1988 Petersen et al. 1996, kiwi (Pastorello et al. 1996, apple, carrot and
cdery (Hamepuro & Lowenstein 1985. The aossreadivity isonly in part due to profilins as
demonstrated by Heisset al. (1996 and Petersen et a. (1996.

Among the grassallergens, group | is particularly important with an IgE prevalence of 95 % (Freidhoff et
al. 1986. These dlergens are glycoproteins with a moleaular massof 30 - 40 kDa and are detedable in all
grases (Knox et al. 1989. Acocording to Laffer et al. (1996 the group | components reved a high
sequence homology of up to 95%.

We intended to identify the IgE-readive epitopes, sincethey are the structural elements that finally cause
the dlergic atadks. Therefore, they are the goals for diagnosis and spedfic immunotherapy. Additionally,
we tried to determine structural feaures that might be involved in the sensitization process This attempt
should increase understanding of the medhanism of the dlergen spedfic immune readion and probably help
to prevent alergy.

DETERMINATION OF IgE-REACTIVE EPITOPES

In order to identify the IgE-binding epitopes, the ducidation of the complete primary structure is
mandatory. We obtained the recombinant group | allergens after screening the dNA libraries of timothy
grass(Phleum pratense) and swed velvet grass(Holcus lanatus) by use of the monoclonal antibody 1G 12
(Petersen et a. 1995, Schrammet al. 1997). Both alergens (Phl p 1and Hol | 1) consist of 240amino
adds and reved a considerable degreeof 90% sequenceidentity (Petersen et al. 1995). Complete rHol | 1
and its fragments were expressed as fusion proteins (containing the maltose binding protein) in E. coli to
perform an epitope mapping. This method allowed the locdization of IgE-binding epitopes on large
fragments and a stepwise limitation to the gitope size by lowering the peptide length. Figure 1 shows the
data dter analysing 50 matient sera by Western dotting. The resultsindicate that at least four independent
|gE-binding regions exist on Hol | 1 (Schrammet a. 1997). One important epitope comprising 80amino
adds was located at the C-terminus. Smaller fragments of this region did not show IgE readivity and thus
indicated a conformational epitope.

To locdize @ntinuous epitopes predsely we (Petersen et a. 1998 used the pepscanning technique.
Overlapping decaeptides were synthesized by the pin technology (Geysen et al. 1987 and analysed for
|gE readivity with individual patient sera. We determined one goitope & the N-terminus of Phl p 1 which
was recognized by only afew sera. (The N-terminal structureis snown in Tab. 1). Ball et al. (19949
identified another sequential epitope in Phl p 1 harbouring the region of amino adds 101- 115

Phl p 1beas svera post-trandational modificaions (Petersen et a. 1995, 19973, 199, 1998. Since
these modificaions do not exist in recombinant proteins expressed in E. coli, we investigated the IgE
readivity of the natural moleaules. The influence of disulfide bonds on the IgE binding capadty was
examined by ELISA using 20individual sera. While denaturation by 6 M guanidine hydrochloride did not
cause avy change, the IgE readivity of reduced and carboxymethylated Phl p 1 generally was lowered by
25%. This emphasizes the impad of disulfide bridges on the dlergenic structure of Phl p L
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Figure 1: IgE-epitope mapping on rHol | 1 (Schramm et al. 1997). The schematic map shows that there are at
least 4 independent |gE-binding regions on the mmplete reammbinant moleaule. The number of IgE-reactive serais given as
percentage of all i nvestigated sera.

Table 1. N-terminal sequences of natural and in E. coli expressed recombinant Phl p 1 determined

by protein sequencing (Petersen et al. 1997). nPhl p 1 bears two hydroxylated proline residues (Hyp) and one N-
glycosylation site (?) as post-trandationally modified amino acids.

amino acid 1 2 3 4 5 6 7 8 9 10
nPhl p 1 lle| Pro | Lys | Va | Hyp | Pro | Gly | Hyp ? lle
rPhip 1 lle| Pro | Lys | vVd Pro | Pro | Gly | Pro | Asn | lle

The cabohydrate structure of Phl p 1 with an apha-1,3- bound fucose & the innermost N-
acdylglucosamine was $own to be the essential configuration of an IgE-binding epitope (Petersen et al.
1996. IgE readivity to glycans of similar structure was demonstrated for several alergens, but a mediator
release due to carbohydrates has not been shown before. Insteal of Phl p 1 (the complete cabohydrate
structure has not been identified so far), we isolated N- linked gycopeptides from bromelain which show a
similar carbohydrate structure to Phl p 1, and coupled them to BSA. The wnjugates €licited histamine
release from basophils of a patient sensitized to carbohydrate determinants. Sincewe were ale to show
that Phl p 1 partially forms dimers, we assume that such readions can be caised by carbohydrate chains
alone even in the asence of IgE against peptide gitopes.

Even small exchanges, e.g. post-trandational hydroxylation of proline residues, can increese IgE readivity
(Petersen et a. 1998. According to protein sequencing data the anino adds in positions 5 and 8 were
hydroxyproline residues (Tab. 1). We cnstructed synthetic decgeptides with proline and hydroxyproline
residues, respedively, and investigated their IgE binding in an ELISA. The modified peptides reveded a
30% increeased readivity.

In summary, these results indicae that the protein conformation and posttrandational modifications are
involved in the generation of IgE-readive epitopes. Because of the diversity of the gitopes no single
eliminations em to be promising to enginee safe immuno therapeutics. We (Petersen et al. 1999 assume
that in contrast to the Bet v 1 moleaule (Vrtala @ a. 1997) it is not possble to destroy the dlergenicity of
Phl p 1 by simply cleaving the dlergen into two fragments. Due to the disulfide bondsin Phl p 1, reduction
will only deaease the IgE readivity by about 25%. Thisisin contrast to Der p 2, where site-direded
mutagenesis of single gysteine residues caused a 100fold deaease of IgE readivity (Smith & Chapman
1996. Thus, Phl p 1isavery complex alergen and no single manipulation will reduceits allergenicity
considerably.
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DETERMINATION OF THE PROTEIN FUNCTION

When we expressed Phl p 1in the aukaryotic Pichia pastoris system, we observed a severe degradation of
the recombinant protein. Detailed studies of Grobe d al. (1999 reveded that fragmentation was not
caused by yeast enzymes but by rPhl p litself. By APIZY M test (BioMérieux, Lyon, France), a screaening
test for enzymes, rPhl p 1 could be identified as a proteinase which is edfic for basic anino add
residues. |dentity of Phl p 1as a o/steine proteinase was confirmed by experiments using spedfic
substrates and inhibitors (Grobe @ al. 1999. Preincubation of rPhl p 1 with an appropriate, cysteine
protease adivating buffer resulted in a detedable readivity. Further indications that Phl p 1isa C1 related
cysteine protease were deduced from sequence dignments. Whereas the complete enzymes $owed a
homology of only about 10%, the three ©nsensus regions forming the cdalytic site reved a considerable
degreeof structural similarity as depicted in Figure 2.

Except for the agparagine residue in the third domain, Phl p 1 fulfill s the typicd criteriafor the
clasgficaion as aCl protease. Further moleaular and biochemicd similarities are the presence of a
tryptophan-rich C-terminal region (Berti & Storer 1995, the presence of the adive gysteine-histidine pair
in the corresponding sequence motifs (Rawlings & Barrett 1994), the similar size of the proteins and their

common cdlular locdizaion.

These results clealy indicae that Phl p 1isan unadivated protease. Up to now nothing is known about

the adivation of nPhl p 1in vivo.

position
*

. . . Papain YENQG-5CGSCWAF SAYVT TEGTT 16-38
Flgur_e 2: Compar_l son of C1 Cyselne H Cathepsin IrdQG-SCGSCWAFgAYe AT=sdrT 20-4Z2
prOtanm (papaln’ human and mouse M Cathepsin IrdQG-SCGSCWAFgAVe AT=drT 20-42
cathepsin, and Der p 1) in thethree

. . . Der p 1 IRnQG- gCGSCWAR SgYaATES 8y 25-47
consensus motifs forming the catalytic .

. . . - L Phl p 1 IfksGrgCGSCFelkeTkpeacsg 62-85
site. Important amino acid residues are indicated
by asterisks. Bold printed, capital |etters mark
identical, capital |etters mark similar amino acid *
residues to the papal n sequence Papain GHEYD---HAVARYGY 154-167

H Cathepsin Gemmgg-—HAT r 1 LGW 120-206A
M Cathepsin Gemmgg-—HAT riLGW 190-206
Der p 1 Gyqphy-—HAYLIVGY 1lal-174
Phl p 1 GtEVtf——-Hvekgsnp 144-157
* *
Papain PNYILIKNSWGTGRGENGY TRTKR 166-191
H Cathepsin P-YwLVaNSWnTIJWGDNGFFEILR 209-235
M Cathepsin P-YwLaaNSWnl WGDHGFFET1R 209-235
Der p 1 vdYwIVENSWATnWGDNGYgy faa 180-203
Phl p 1 dkWIaLKeSWGAIWridtpevIKg 184-207
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IMPLICATIONS OF Phl p 1 FOR THE PATHOMECHANISM OF THE TYPE | ALLERGY

As a proteolytic enzyme Phl p 1 might ad on different levels to mediate the sensitization process Here, we
(Petersen et al. 1999 discussassumptions, drawn from observations of other enzymes and/or allergens,
espedally Der p 1, which isalso a C1 cysteine proteese.

The adivated Phl p 1 might increase the permeabili ty of the nasal and lung mucosa and thus enable the
alergen to read the immune system (Fig. 3). Thiswas sown for several other proteolytic enzymes
(Herbert et al. 1995 Stewart et al. 1993.

In aseoond step the enzyme wuld effed T helper cdlsto cause abiasto TH2 (Fig. 3). Dudler et al.
(1995 described I1L-4 release from mouse mast cdls by the adive phospholipase A2 from beevenom in
contrast to the inadive enzyme. Recantly, Schulz & a. (1998 demonstrated a dired effed of Der p 1on
the IL-2 receptor of T helper cdls. Cleavage of thisreceptor caused alower proliferation of T cdlsand a
deaeased |FN-gamma seaetion.

Finaly, the adive enzyme wuld dredly influence plasma cdls to increase IgE production (Fig. 3). This
processisinduced by enzymaticd cleavage of CD23 (the low affinity Fc-epsilon-RIl receotor) from B cdls
aswas $rown by Hewitt and Schulz (Hewitt et al. 1995 Schulz & a. 1997). Dueto this, an important
inhibitory signal for IgE synthesis is deleted (Sherr et al. 1989. Moreover, the CD23 fragment can interad
with CD21 on B cdls and provoke an induction of IgE synthesis (Aubry et a. 1992.

active Phl p 1
environ-
ment

i, VT A, ¢ oo

fragments %
1~

mediator release

Figure 3: Influence of Phl p 1 on the mechanism of the allergic reaction.
(Detail s are described in the text.)
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The CD23 clearage can be inhibited by reagents e.g. alpha-antiprotease (Hewitt et al. 1995. Severa
cysteine protease inhibitors were identified in saliva and skin (Isemura € a. 1984 Jarvinen 1978. We
asaume that alergic patients might ladk such protease inhibitors and they are therefore destined to become
sengitized. Once an individual has been sensitized a wide variety of IgE-readive gitopes can repetitively
eicit dlergic readions.
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