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Abstract

Hevein (Hev b 6.02) is a major IgE-binding allergen in natural rubber latex and manufactured products. Both tryptophans (Trp21

and Trp23) of the hevein molecule were chemically modified with BNPS-skatole (2-nitrophenylsulfenyl-3-methyl-30-bromoindole-

nine); derivatized allergen failed to significantly inhibit binding of serum IgE in ELISA assays. Similarly, skin prick tests showed that

hevein-positive patients gave no response with the modified allergen. Dot blot experiments carried out with anti-hevein mono- and

polyclonal antibodies confirmed the importance of Trp21 and Trp23 for antibody-recognition, and demonstrated the specific cross-

reactivity of other molecules containing hevein-like domains. We also report the structure of Hev b 6.02 at an extended resolution

(1.5�A) and compare its surface properties around Trp residues with those of similar regions in other allergens. Overall our results

indicate that the central part of the protein, which comprises three aromatic and other acidic and polar residues, constitutes a

conformational epitope.

� 2003 Elsevier Inc. All rights reserved.
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Type I allergic diseases are the result of inappropriate

immune responses to certain otherwise innocuous pro-

teins (allergens), in people with a genetic predisposition

or atopy. It is well established that the recognition of

allergens by immunoglobulin E (IgE) is the key step to

the allergic response. The allergen is bound to the IgE

high-affinity receptor complex on mast cells and, if this
occurs, mediator release is induced leading to the aller-

gic inflammation [1].

Allergenic proteins are structurally and functionally a

heterogeneous group, including hydrolytic enzymes,

enzyme inhibitors, carbohydrate-binding proteins, actin-

binding proteins, and others without a known biological

activity [2]. Many structural features of proteins could

potentially contribute towards their allergenicity, in-
cluding availability and identity of the epitopes. How-

ever, the stability, the presence of glycosyl groups, and

enzymatic or lectin activities can influence allergenicity
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[3], although in many instances the mechanisms remain

unclear. Natural rubber latex (NRL) proteins are a well-

recognized cause of type-I allergic reactions that in-

creasingly affect health-care workers and other people

using latex products. It is also known that latex allergy is

often combined with allergy to certain fruits such as

banana, avocado, and kiwi [4], which contain class I
chitinases with a hevein-like domain. In addition, cross-

reactivity of latex allergens with pollen allergens from

ragweed, timothy grass, and mugwort has been de-

scribed [5]. In general, the presence of similar or com-

mon epitopes might explain this cross-reactivity.

Basically two types of IgE epitopes have been iden-

tified. Epitopes that consist of a few continuous amino-

acid residues are referred to as linear or sequential [6],
whereas those composed of at least two non-adjacent

regions of the molecule that are brought into close

proximity within the folded structure are named dis-

continuous or conformational. Since most IgE epitopes

appear to be conformational [7], it is clear that a proper

understanding of the interactions by which allergens are
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recognized by IgE antibodies would benefit greatly from
the accurate knowledge of allergen structures.

Hev b 6.02, one of the main allergens from rubber

(Hevea brasiliensis latex), is a lectin-like protein that also

acts as a defense-related protein [8] and whose presence

has been demonstrated in NRL products [9]. In addi-

tion, nature furnishes several isoforms of hevein, one of

them, known as pseudohevein (isoform 1), with six

amino acid mutations [10]. Hevein-like domains are also
present in agglutinins from wheat germ (four domains)

[11] and from Urtica dioica (two domains) [12]. In these

agglutinins the sugar-binding site is mainly constituted

by three aromatic amino acids, which interact with su-

gar rings through stacking contacts.

To gain new insight into the nature of the IgE epi-

topes for these proteins, we performed immunological

experiments using Hev b 6.02, isoform 2, and the protein
modified at positions Trp21 and Trp23 with BPNS-ska-

tole. We also describe the characterization of the

chemical modification by MALDI-TOF experiments.

Finally, due to the importance of the carbohydrate-

binding region and that some conformational differences

were reported between the structure solved by X-ray

techniques (2.8�A) [13] and the one in solution [14,15],

we performed a crystallographic study of the allergen at
high resolution (1.5�A). Based on a detailed structural

comparison of this protein with allergens from plants

such asBet v 2 (Betula verrucosa),Hev b8 (H.brasiliensis),

and the agglutinin from wheat germ (WGA), we pro-

pose an explanation for the observed cross-reactivity

pattern among the allergens under consideration.
Experimental procedures

Protein purification and crystallization. Purification and crystalli-

zation of Hev b 6.02 (clon IAN-710) have been described elsewhere

[13]. In this work, crystals were grown at 18 �C by the sitting

drop method, from a solution containing 60%MPD, 40mM Tris–HCl,

pH 7.1.

Chemical modification of the tryptophan residues of Hev b 6.02.

Modification was carried out according to Omenn et al. [16]. Briefly, to

a solution of 1mg Hev b 6.02 in 60% acetic acid, 28 ll of a 2mg/ml

solution of 3-BNPS-Skatole in glacial acetic acid was added (15min at

room temperature). The mixture was then applied to a Sephadex G-10

column (1.0� 100 cm) equilibrated with 1.5M acetic acid. The fraction

containing modified Hev b 6.02 was dialyzed against distilled water.

Enzymatic digestion of natural and modified Hev b 6.02 with Glu-C

and characterization using MALDI-TOF mass spectrometry. Natural

(control) and oxidized Hev b 6.02 (350 lg) were treated with 6M

guanidine HCl for 15min (37 �C). Dithiothreitol (5mM) in 0.15mM

Tris, pH 8.8, was then added to the samples (37 �C, 20min). Iodoa-

cetamide (10mM) in the same buffer was added to the samples (20min

at room temperature). The reaction mixtures were then transferred to a

High-Trap desalting column (Pharmacia). Five micrograms of each of

the samples was applied to a Superdex-peptide column (16/30)

(Pharmacia) equilibrated with the Tris buffer. The rest of the proteins

were digested with 5 lg endoproteinase Glu-C (Boehringer–Mann-

heim), which selectively cleaves peptide bond’s C-terminal to glutamic

acid residues, for 60 h at 37 �C, in the same Tris buffer. After this, the
N-terminal sequence for the peptides obtained was determined by

automated Edman degradation on a gas-phase protein sequencer (LF

3000, Beckman Instruments, Irvine, CA).

For the matrix-assisted laser desorption ionization time-of-flight

(MALDI-TOF) mass spectrometry (MS) experiments, 270lg of the

digested proteins was applied to a reversed phase column (C-18,

4.6� 150mm, Waters). The purified peptides were mixed with a-cya-
no-4-hydroxycinnamic acid in 30% acetonitrile, 70% water, and 0.1%

TFA, and analyzed in a OMNIFLEX MALDI-TOF instrument

(Bruker-Daltonics) which has a 337.1 nm nitrogen laser and 19 kV

accelerating voltage in the linear mode.

CD analysis of native and chemically modified Hev b 6.02. CD

spectra were recorded on a JASCO J-700 spectropolarimeter at 20 �C.
The spectral range was 200–260nm at 10 nm/min and three scans were

accumulated. The protein concentration was 0.2mg/ml in a 10mM

phosphate buffer, pH 7.0.

Enzyme-linked immunosorbent assay inhibition experiments. Briefly,

microplates were coated with 5 lg/well of hevein in sodium carbonate

buffer (pH 9.6) and blocked. Afterwards, a serum pool of 10 high-risk

pediatric patients (Instituto Nacional de Pediatria, Mexico City), di-

luted 1:10, was co-incubated (2 h at 37 �C) with either Hev b 6.02,

isoform 2, or the allergen chemically modified, at five different con-

centrations (0.1–25lg/ml). Plates were washed and biotin-labeled

mouse anti-human IgE (1:500 dilution) was allowed to react for 1 h at

37 �C. The plates were then washed and incubated with 100ll/well of
streptavidin-peroxidase diluted 1:2000 for 1 h at 37 �C. Produced color

was read at 490 nm using an automated Enzyme-linked immunosor-

bent assay (ELISA) reader (Dynatech MR5000).

Dot blot assays. These experiments were performed to assess the

possible cross-reactivity among allergens. Proteins (Hev b 6.02, Hev b

8 (profilin), Hev b 11 (class I chitinase), pseudohevein (isoform 1),

isoform 2, chemically modified Hev b 6.02, WGA, and bovine serum

albumin (BSA) as a negative control) were applied to nitrocellulose

membranes (25 lg/dot), and then washed and blocked. The membranes

were incubated with either rabbit polyclonal (PAb) or mouse mono-

clonal (MAb) IgGs raised against Hev b 6.02. The reaction was

revealed by incubation with peroxidase-conjugated anti-rabbit or anti-

mouse IgGs and the binding was detected by chemioluminescence.

Skin prick tests. Tests were performed using intact Hev b 6.02 and

the protein modified at positions Trp21 and Trp23 in 100 volunteer

health-care workers (50% high-risk individuals). The Ethics Committee

of the Instituto Nacional de Pediatria, Mexico City, approved this

study. The negative control was allergen diluent (Evans solution) and

the positive 1.0mg/ml histamine solution. Five milliliters of solution

containing an allergen (1.0–10.0lg/ml) was placed on the skin, which

was then pricked with the tip of a needle. The presence of a wheal

larger than the one produced by histamine (2–4mm) and no reaction

with the Evans solution indicated the presence of IgE against the

allergen.

X-ray diffraction analysis. X-ray diffraction data were collected,

from a single crystal, at 277K at the Stanford Synchrotron Radiation

Laboratory (Station 7-1) using a MAR 30 image plate detector. Dif-

fraction data were processed with the programs DENZO [17] and

CCP4 [18]. The structure was solved by molecular replacement using

CNS [19] with the protein solved by NMR methods as the search

model (PDB entry 1HEV). Initial crystallographic refinement was done

with CNS. Simulated annealing was used and each refinement cycle

was followed by fitting of the model into sigma weighted electron

density maps using QUANTA2000 (Molecular Simulations Inc., San

Diego, CA). Cross-validation [20] was employed throughout and 10%

of the data were used for the Rfree calculation. The initial structure and

topology files of MPD were obtained from the website HIC-Up [21].

Solvent molecules were placed using the X-SOLVATE routine in

QUANTA2000 [22].

High-resolution refinement with SHELX97 [23] was started using

the model from the CNS refinement. Protein bond and angle restraints

used were of Engh and Huber [24]. Anisotropic atom B-factors were
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introduced in a conjugate gradient least-squares (CGLS) minimization,

in which the data-to-parameter ratio was 2.1. Anti-bumping distances

restraints were added to prevent non-bonded collisions. The refinement

of the MPD molecules was carried out against parameters of the

SHELXL dictionary [25]. With this model, the Rfree from the isotropic

refinement dropped by 3.1 percentage points to 16.01%. A final step

was carried out using a least-squares cycle (including all data) con-

verging at R-factor ¼ 0.128 (F > 4r). A summary of the data-collec-

tion and refinement statistics is given in Table 1.

Structure analysis and comparisons. Analysis of the stereochemistry

of the model was done using the program PROCHECK [26]. The

molecular superposition of Hev b 6.02 with the two structures ob-

tained by NMR methods was carried out with the program ALIGN

[27]. The crystal structures of Bet v 2 (PDB code 1CQA), Hev b 8

(1G5U), and domain C WGA (9WGA) were obtained from the

Protein Data Bank.
Table 1

Data collection and refinement statistics

(A) Data collection

Space group P21212

Unit cell parameters (�A)

a, b, c 31.81, 60.95, 22.51

No. of monomers per asymmetric unit 4

Resolution range (�A) 15–1.5

No. of observations 57,822

No. of unique reflections 7113

I/r(I) 6.7

Completeness (%) 95.5

Multiplicity 4.7

Rsym
a (%) 5.0

(B) Refinement

R-factor (%) 12.8

Rfree
b (%) 14.5

No. of atoms

Protein 345

Solvent 39

MPD 32

RMS deviation from ideal values

Bond length (�A) 0.011

Bond angle (�A) 0.03

Residues in Ramachandran plot (%)

Most allowed region 88.2

Allowed region 11.8

Average B-factors (�A2)

Protein 17.4

Water 33.3

MPD 36.7

aRsym ¼ 100RhRijIiðhÞ � ½IðhÞ�j=RhIðhÞ, where IiðhÞ is the ith mea-

surement of the h reflection and ½IðhÞ� is the average value of the

reflection intensity.
bRfree is for 10% of the total reflections.

Fig. 1. Sequence comparison of Hev b 6.02, pseudohevein, isoform 3 of WGA

IgE epitopes of Hev b 6.02 are shadowed.
Results and discussion

Characterization of Chemically Modified Hev b 6.02

Hev b 6.02. Hevein, either modified or not by BNPS-

Skatole, was purified by reverse-phase HPLC and sub-

mitted to reduction with DTT to break its disulfide

bridges; sulfhydryl groups so produced were alkylated

with iodoacetamide. The alkylated forms gave nearly
identical elution volumes on gel filtration, indicating

that the polypeptide chain was not cleaved by treatment

with BPNS-Skatole. MALDI-TOF mass spectrometry

gave for the modified hevein a mass 40Da larger than

that for the untreated protein. The first five residues, as

determined by sequence analysis, were the same for both

proteins, confirming that the polypeptide chain was not

cleaved by the oxidation treatment.
In parallel experiments, samples of both hevein forms

were digested with Glu-C after reduction and alkylation.

With both samples two peptides were separated by re-

verse-phase HPLC. The larger peptide obtained from

hevein had a mass of 3424.7Da, corresponding to the

mass of segment 1–29 with its five cysteines alkylated.

As determined by Edman degradation, the N-terminal

residue of this peptide was Glu, which is the N-terminus
of the whole protein. Thus, Glu-C cleaved the peptide

bond C-terminal of G lu29 (see Fig. 1). The larger pep-

tide from chemically modified hevein showed a 40-Da

increase in mass (3465.5Da) with respect to the larger

peptide from untreated hevein, and Glu was also its N-

terminus. In contrast, the mass of the smaller peptide

was the same regardless of which sample it came from.

This mass corresponds to that of segment 30–43 with its
three cysteines alkylated. Tyr was found at the N-ter-

minus of this peptide, confirming the cleavage point of

Glu-C. It is clear, therefore, that changes brought about

by BNPS-Skatole were restricted to the region where the

two Trp residues are located, whereas segment 30–43,

which comprises one of the two IgE sequential epitopes

of this protein [28] (see Fig. 1), was unaffected. The mass

increase of 40Da suggests that both tryptophans were
modified, because derivatives with mass differences of

+4 and +20 are known to result from oxidation of

tryptophan residues [29,30]. Furthermore, the absorp-

tion spectrum of modified hevein increased at 250 nm

and decreased at longer wavelengths with respect to that
(domain C), and class I chitinase (Hev b 11, hevein domain). The linear
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for the untreated protein, supporting the formation of
oxindole moieties (results not shown) [16].

Circular dichroic spectra of Hev b 6.02 and its de-

rivative (not shown) were found to be nearly identical

from 250 to 200 nm. It has been reported previously that

hevein exhibits an intense positive peak at 221 nm [31],

which is also found between 220 and 228 nm in spectra

of other small, disulfide-rich proteins [32]. Because this

rather peculiar band is thought to be originated from
amide groups adjacent to disulfide bridges [33], it is

likely that neither disulfide bonds, which are essential

for the global stability in proteins of this type, nor other

structural characteristics of the polypeptide chain

around these bonds were affected by chemical modifi-

cation of Hev b 6.02.

ELISA inhibition and dot blot assays

ELISA inhibition with a serum pool from pediatric

patients is shown in Fig. 2A. It is clear from these ex-
Fig. 2. (A) ELISA inhibition assays. The average inhibition of IgE

binding to solid-phase Hev b 6.02 was determined using isoform 2 and

the chemically modified allergen with BPNS-skatole in sera from 10

pediatric patients. An average of 75% inhibition was found with iso-

form 2 and only 20% with the chemically modified allergen at the

maximum concentration used. The inhibition curve with Hev b 6.02 as

the inhibitor is shown for comparison. (B) Specificity of the polyclonal

and monoclonal anti-Hev b 6.02 antibodies in a dot blot assay. The

membranes were incubated with the rabbit and mouse IgGs. Proteins

used are indicated in the left margin of both figures. BSA was used as

negative control.
periments that no significant inhibition of IgE binding to
solid-phase Hev b 6.02 was observed with the modified

allergen; in contrast, the isoform 2 inhibited binding in

75%. These results strongly suggest that the two Trp

residues are necessary for the recognition of the molecule

by IgE. Besides, it is evident that subtle differences are

important for recognition, because the molecular char-

acteristics of the isoform 2, which are currently under

study, are likely to be very similar to those of Hev b 6.02,
as judged from the small 3-Da mass difference between

them (unpublished results). Additionally, dot blot assays

were done in an effort to determine if model antibodies

could specifically recognize surface epitopes on hevein-

like antigens. We prepared a rabbit polyclonal antibody

as well as a murine monoclonal antibody (6E7) raised

against Hev b 6.02 (results not published). Experiments

were carried out to test the reactivity of MAb 6E7 and
the polyclonal Abs with several lectins (Hev b 6.02, iso-

form 2, pseudohevein, and WGA), a profilin (Hev b 8),

and the chitinase (Hev b 11) from NRL, chemically

modified Hev b 6.02, and bovine serum albumin as a

control. The results obtained are shown in Fig. 2B. As

can be observed, the MAb raised against Hev b 6.02 only

reacted with WGA and the chitinase, indicating that

antigen recognition is not due to unspecific lectin–car-
bohydrate reactions. It is noteworthy that the sequence

identity between Hev b 6.02 and pseudohevein is 86%,

whereas the chitinase is 60% andWGA domains are only

about 50% identical to hevein. Indeed, only residues

Trp21, Glu29, and Thr27 in Hev b 6.02 are conserved (ei-

ther one or two of them) at equivalent positions in WGA

domains and the chitinase, but not in pseudohevein

(Fig. 1). This strongly suggests, therefore, that these
residues, which are part of Hev b 6.02 linear epitopes and

belong to the carbohydrate-binding region, are essential

for the interaction of MAb 6E7 with hevein-like do-

mains. This proposal is supported by the absence of re-

activity of theMAb with chemically modified Hev b 6.02.

Furthermore, the general relevance that aromatic and

acidic side chains may have in IgE recognition by hevein-

like domains is made apparent from a primary-structure
comparison including 60 domains found in proteins that

are recognized as allergens (WGA, Hev b 6.02, and Hev

b 11) or potential allergens, belonging to the pathogen-

esis-related family of plant proteins [34]. In 45 cases

(75%), the following motif is conserved (hevein num-

bering; see Fig. 1): C12XXX15X CCSX20u21XuCGXXX
AcYC31, where u represents an aromatic side chain, X is

Thr, Ser or Gly, and Ac is, in most cases (84%), either
Glu or Asp. Positions marked by X are occupied by any

type of residue, those of a polar character being much

more frequent. The remaining 15 sequences under con-

sideration differ from the mentioned motif only in that

either Tyr30 is substituted by Phe (six cases) or one of the

aromatic residues at positions 21 and 23 is changed for

His, Ser or Gly (nine cases).
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On the other hand, all the proteins whose structure
contain hevein-like domains were recognized by the

PAbs anti-Hev b 6.02, and even the modified hevein

gave a positive reaction. Interestingly, however, the

PAb also reacted with the profilin Hev b8 (Fig 2B).

The folding pattern exhibited by the profilin molecule

is completely unrelated to, and its sequence shows no

evidence of the typical motif present in the structure of,

hevein-like domains. However, the actin-binding region
in this molecule shares the aromatic and acidic char-

acteristics attributed to antibody-binding sites in he-

vein-like proteins, and could be responsible, therefore,

for the PAb reactivity towards the profilin. Moreover,

the observed cross-reactivity among NRL allergens and

those from pollen seed, considered in this work, might

be explained by the similar features of the binding

regions.
Fig. 3. (A) Overall structure of Hev b 6.02. The figure was generated with

corresponding to the MPD101 molecule and residues at hydrogen-bond distan

drawn at 3.0 r level and the hydrogen bonds are represented by broken line
Skin prick tests

To assess the relevance that the two Trp residues of

Hev b 6.02 may have on defining B cell (conformational)

epitopes, SPT were performed using the native protein

and the one that had Trp21 and Trp23 residues chemi-

cally modified. Hev b 6.02 gave immediate wheal and

flare skin-test responses at concentrations as low as

1.0 lg/ml in 8 of the 50 high-risk volunteers. In contrast,
the chemically modified allergen induced no response at

all, even at a concentration of 10 lg/ml. These results

show that Hev b 6.02 can elicit immediate hypersensi-

tivity responses; however, this capacity is abolished by

chemical modification of the Trp residues, thus sug-

gesting that the region responsible for sugar-binding and

formed by sequential epitopes (Fig. 4) forms a confor-

mational epitope when the protein folds.
MOLSCRIPT [38]. (B) Stereo view of the electron density (jFo � Fcj)
ce. Water (W) mediated interactions are also shown. The contours are

s.



Fig. 4. Electrostatic surface-potential of four allergens. Comparison of

Hev b 6.02 (A) with three plant allergens: Bet v 2 (B), Hev b 8 (C), and

domain C of WGA (D). In green the aromatic residues comprising

binding sites; for Hev b 6.02 and Bet v 2 these residues are also part of

the linear epitopes. The protein surfaces have been produced with

GRASP [39].
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Molecular structure

The refined model is ovoid in shape and contains 43

residues, 39 water molecules, and two molecules of

MPD in two conformations. Four small regions of

secondary structure characterize the molecule (Fig. 3A).

The most interesting feature of the structure is the car-

bohydrate-combining site, which shows an aromatic

patch (Trp21, Trp23, and Tyr30) encircled by the side
chains of Glu1, Gln6, Gln20, and Glu29. It was interesting

to find two molecules of MPD in this region, which are

making hydrogen bonds to different residues: MPD101

(O2 MPD-NHE1 Trp21) (Fig. 3B) and MPD102 (O4

MPD-OH Tyr30). On the other hand, the side chains for

six residues: Glu1, Leu11, Pro13, Ser26 Glu29, and Pro33

were built using two conformations.

The overall structure of Hev b 6.02, at this resolution,
is very similar to the solution structure obtained by

NMR methods [15]. A CA superposition between this

model and the two models obtained by NMR methods

shows an rmsd of 0.62�A for the model with bound

chitobiose, and 0.83�A for the one with an empty bind-

ing site, while the superposition of the two structures

solved by NMR methods shows an rmsd of 1.03�A. An

analysis of the solvent molecules found in the structure
shows that the sugar-binding site is full with MPD

molecules plus some waters. Thirty-four out of thirty-

nine water molecules were found near polar residues

exposed to the solvent and five were buried in the

structure. Regarding solvent accessibility, the binding-

site residues Trp21and Trp23, as well as neighbor residues

such as Glu1 and Glu29, share high values, as determined

with the program NACCESS (S.J. Hubbard, J.M.
Thornton, University College, London, 1993), and are

not involved in crystal packing interactions. Indeed, the

solvent accessibility of Trp21 is 63% (when its solvent-

accessible surface area is expressed as a percentage of

the accessible area of the side chain in the tripeptide

Gly–Trp–Gly in extended conformation [35]), which

makes this residue one of the most exposed in Hev b

6.02; Trp residues located at equivalent positions in
WGA are also highly exposed (about 67% accessibility).

In profilins, one Trp also displays high accessibility

(63%).

Structural comparison of Hev b 6.02 with different

allergens

When we analyzed structures of other plant allergens

such as Bet v 2, Hev b 8, and WGA, we noticed a similar

motif, which involves a number of solvent-accessible

aromatic, polar, and ionizable (mostly acidic) residues

on the surface of the protein. Fig. 4 shows these exposed

regions on the three-dimensional structures of the four
proteins. It should be mentioned that three sequential

epitopes have been reported for Bet v 2 (residues 2–19,
28–47, and 108–133; [36]), and two for Hev b 6.02

(residues 13–24 and 29–36; [28]) (Fig. 1). For these al-

lergens the highlighted residues in green belong to their

linear epitopes, indicating that those areas of the mo-

lecular surface constitute conformational epitopes. On
account of the structural resemblances shown in Fig. 4,

it is possible that the corresponding regions in the other

allergens may play similar roles as superficial epitopes

and yet conform to common determinants of allergen-

icity. Thus, although these proteins possess binding sites

widely varying in selectivity (i.e., Hev b 6.02 and WGA

bind carbohydrates, whereas Hev b 8 and Bet v 2 bind

actin), it is evident that such sites could potentially
contribute towards their allergenicity.

Very recently Karisola et al. [37] described a major

conformational IgE binding site epitope of Hev b 6.02

using a chimera-based allergen epitope mapping strategy

and molecular modeling. They suggested that its N-

terminal and C-terminal regions essentially determined

its IgE binding activity. In this study we present evi-

dence supporting that the central part of the polypeptide
chain is fundamental for the constitution of a confor-

mational epitope and, therefore, for the interaction with

model antibodies. This region includes the binding site,

with three aromatic residues and other residues such as

Glu, Gln, Asp, and Asn exposed to the solvent. These

results support the existence of a main unifying feature

as a common critical determinant of allergenicity in

plant allergens.
The atomic coordinates and structure factors (code

1Q9B) have been deposited in the Research Collabora-

tory for Structural Bioinformatics Protein Data Bank.
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