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Structural analysis of the endogenous glycoallergen
Hev b 2 (endo-f-1,3-glucanase) from Hevea
brasiliensis and its recognition by human basophils

Endogenous glycosylated Hev b 2 (endo-B-1,3-glucanase)
from Hevea brasiliensis is an important latex allergen that is
recognized by IgE antibodies from patients who suffer from
latex allergy. The carbohydrate moieties of Hev b 2 constitute
a potentially important IgE-binding epitope that could be
responsible for its cross-reactivity. Here, the structure of the
endogenous isoform II of Hev b 2 that exhibits three post-
translational modifications, including an N-terminal pyro-
glutamate and two glycosylation sites at Asn27 and at Asn314,
is reported from two crystal polymorphs. These modifications
form a patch on the surface of the molecule that is proposed
to be one of the binding sites for IgE. A structure is also
proposed for the most important N-glycan present in this
protein as determined by digestion with specific enzymes. To
analyze the role of the carbohydrate moieties in IgE antibody
binding and in human basophil activation, the glycoallergen
was enzymatically deglycosylated and evaluated. Time-lapse
automated video microscopy of basophils stimulated with
glycosylated Hev b 2 revealed basophil activation and
degranulation. Immunological studies suggested that carbo-
hydrates on Hev b 2 represent an allergenic IgE epitope. In
addition, a dimer was found in each asymmetric unit that may
reflect a regulatory mechanism of this plant defence protein.

1. Introduction

Type I IgE-mediated natural rubber latex (NRL) hypersensi-
tivity has been studied in detail in the US and the European
community over the past two decades (Garabrant et al., 2001;
Bousquet et al., 2006; Peixinho et al., 2012) and continues to be
an important occupational health problem, despite significant
progress in the management of the disease (Blumchen er al.,
2010). The prevalence of IgE-mediated NRL allergy among
healthcare workers has been estimated to be 3-17%, but is
higher in individuals with spina bifida and in those who have
had multiple surgeries (Bousquet et al., 2006; Cremer et al.,
2007). In less industrialized countries, NRL allergic sensiti-
zation remains a serious clinical concern (Buss & Frode, 2007,
Kumar, 2012), although its prevalence is often not docu-
mented. Among the 14 NRL allergens listed by The World
Health Organization and International Union of Immuno-
logical Societies Allergen Nomenclature Committee (http:/
www.allergen.org), Hev b 2 (endo-$-1,3-glucanase) has been
reported to be an important allergen that is recognized by IgE
antibodies in patients suffering from type I latex hypersensi-
tivity (Bernstein ef al., 2003; Yagami et al., 2002). This allergen
has also been implicated in serological cross-reactivity
between pollens, vegetable foods and insect venoms (Palo-
mares et al., 2005; Barre et al., 2009; Mahler et al., 2006). In
higher plants, 8-1,3-glucanases play a critical role in protection
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against phytopathogenic fungi, either alone or in association
with chitinases, and they are also important for diverse
physiological processes in uninfected plants, including pollen
development, germination of seeds and cell division (Balasu-
bramanian et al., 2012).

In lutoid extracts from Hevea brasiliensis latex, B-1,3-
glucanase exists as two basic isozymes that are differentially
N-glycosylated (Churngchow et al., 1995). We have previously
reported the carbohydrate contents and saccharide composi-
tions of these two isoforms of Hev b 2 (Fuentes-Silva et al.,
2007). Isoforms I and II contain 20 and 6% (w/w) carbohydrate
content, respectively. Isoform I includes N-acetylglucosamine
(GlcNAc), N-acetylgalactosamine (GalNAc), fucose (Fuc)
and galactose (Gal) residues as the major saccharides. Isoform
II contains N-acetylglucosamine, fucose, mannose (Man) and
xylose (Xyl). Recent studies have demonstrated that allergens
with  complex  N-glycans containing L-Fuc(al—3),
D-Xyl(B1—2) (van Ree et al., 2000; Fotisch & Vieths, 2001)
and more recently Gal(al—3) are recognized by IgE anti-
bodies (Plum et al., 2011) and are prone to extensive cross-
reactivity against carbohydrate determinants (CCDs) from
unrelated sources (Foetisch e al, 2003; Bonds et al., 2008;
Tretter et al., 1993). Nevertheless, the role of N-glycan-specific
IgEs in allergic reactions remains controversial. Moreover, the
release of histamine from basophils and mast cells that plays
a central role in type I hypersensitivity (Gauchat et al., 1993;
Galli et al., 2005; Sokol et al., 2008) and in parasitic infections
(Min et al., 2004) is also a complex biochemical process, but
little information concerning the histamine-releasing activity
of such CCDs is available. A few histamine-release studies
have indicated that the carbohydrate moieties of glycoaller-
gens could trigger basophil and mast-cell degranulation,
suggesting that these sugars might indeed be biologically
active in allergic responses (Iacovacci et al., 2002; Westphal et
al., 2003; Batanero et al., 1999). Recently, the crystal structure
of the IgG Fab of the monoclonal antibody 4C3 against Bla g 2
in complex with the recombinant glycosylated allergen clearly
demonstrated the contribution of the glycan moieties to the
interaction (Glesner et al., 2011). The authors observed that a
trimannosyl core at residue Asn268 primarily interacted with
CDRs H1 and H2 of the antibody, essentially through contacts
that were mediated by water molecules and ions. Moreover, it
has been shown that diverse glycosylated allergens are inter-
nalized by the mannose receptor that is expressed in dendritic
cells (Royer et al., 2010), thus playing a crucial role in allergen-
induced Th2 cell polarization. Nevertheless, the three-
dimensional structures of endogenous glycoallergens from
plants have thus far not been reported, which may relate to the
requirement for the purification of glycosylated isoforms that
are often isolated in minuscule amounts and/or are hetero-
geneous in nature and whose covalently bound oligosacchar-
ides can negatively influence the solubility and crystallizability
of the proteins. Here, we report the molecular structure of
the endogenous glycosylated isoform II of Hev b 2, a 8-1,3-
glucanase from H. brasiliensis, from two polymorphic crystals.
Electron-density maps revealed three post-translational
modifications located as a patch on the surface of the mole-

cule. Time-lapse automated video microscopy of basophils
stimulated with glycosylated and deglycoslylated Hev b 2
indicated greater basophil activation with the glycosylated
Hev b 2. Our results based on immunological and structural
analyses imply that the carbohydrate moieties on the surface
of Hev b 2 constitute an important epitope that is recognized
by IgE antibodies in the sera of allergic patients.

2. Materials and methods
2.1. Protein purification, crystallization and data collection

The endogenous glycosylated isoform II of Hev b 2 was
purified and crystallized using previously described protocols
(Fuentes-Silva et al., 2007). Briefly, the enzyme was isolated
and purified from the lutoids of H. brasiliensis latex (clone
GV-42) using gel filtration on a HiLoad 16/20 Superdex 200
column and affinity chromatography with concanavalin A
(Con A) Sepharose 4B (Pharmacia-LKB Biotechnology,
Sweden). Both the bound and the non-bound fractions from
the Con A chromatography showed g-1,3-glucanase activity.
Each isoform was purified to homogeneity by cation-exchange
chromatography with a Mono S 5/50 GL column (Pharmacia):
the non-bound fraction was named isoform I, while the bound
fraction was named isoform II (Churngchow et al, 1995).
Samples were dialyzed, concentrated to 6 mg ml~' and used
for crystallization. Diffraction-quality crystals of Hev b 2
isoform II were obtained using two conditions from Crystal
Screen (Hampton Research, Laguna Niguel, USA) and the
hanging-drop vapour-diffusion method. In the first condition,
0.2 M trisodium citrate, 0.1 M sodium cacodylate pH 6.5,
30% (v/v) 2-propanol was used to obtain tetragonal crystals.
In the second condition, good-quality monoclinic crystals grew
using 0.2 M ammonium acetate, 0.1 M trisodium citrate pH
5.6, 30%(w/v) polyethylene glycol 4000 (Fuentes-Silva et al.,
2007). The monoclinic space group P2; was confirmed by
POINTLESS (Evans, 2006).

X-ray diffraction data for the tetragonal polymorph were
collected on beamline X6A at the National Synchrotron Light
Source (NSLS), Upton, New York, USA under cryogenic
conditions at 100 K using 35% (w/v) trehalose as cryoprotec-
tant. A Quantum 210 CCD detector (Area Detector System
Corporation, Poway, California, USA) was used with an
oscillation range Ag of 1.0°. For the monoclinic crystal, data
were collected at 100 K on the Dupont Northwestern Dow
and Life Science Collaborative Access Team station at the
Advanced Photon Source (APS), Argonne National Labora-
tory, Illinois, USA. Data sets were integrated using XDS
(Kabsch, 2010) and were scaled with SCALA v.3.3.20 (Evans,
2006).

The tetragonal crystal data were initially processed and
scaled in space group P422, with unit-cell parameters
a = 15024, b = 15024, ¢ = 77.48 A; however, the refinement
statistics remained poor (R..ys and Rge. of 0.28 and 0.43,
respectively). Re-examination of the original data with
phenix.xtriage suggested that the crystal was twinned with a
merohedral twinning fraction of 0.44 (twin law h, —k, —[), and
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the actual space group was determined to be P4, with four
molecules in the asymmetric unit. DATAMAN (Padilla &
Yeates, 2003) confirmed that the crystal was twinned
(Supplementary Fig. S1%).

2.2. Structure determination and refinement

Initial phases for the monoclinic P2; crystal were deter-
mined by the molecular-replacement method with Phaser v.2.1
(McCoy et al., 2007) using the atomic coordinates of the
recombinant banana endo-f-1,3-glucanase (PDB entry 2cyg;
Receveur-Bréchot et al., 2006), which shares 60% sequence
identity with isoform II of the H. brasiliensis protein. All of the
refinement steps were performed with PHENIX (Adams et al.,
2010). The initial molecular-replacement solution (TFZ = 19.1
and log-likelihood gain = 17 444) was refined using rigid-body
refinement; noncrystallographic symmetry (NCS) restraints
were then applied. The resulting model underwent iterative
cycles of refinement and manual rebuilding with Coot (Emsley
et al., 2010). At the final stages of the refinement process, the
NCS restraints were removed from the protocol. Carbo-
hydrates were located on the basis of electron density, suitable
interactions and the oligosaccharide sequence obtained
biochemically (details below). The correct stereochemistry
and chirality of the oligosaccharides were corroborated using
the Glycam Biomolecule Builder (http://glycam.ccrc.uga.edu).
The second crystal form (P4, polymorph) diffracted to lower
resolution and merohedral twinning was also detected with
phenix.xtriage and DATAMAN (Padilla & Yeates, 2003). The
coordinates of monomer A of the refined monoclinic structure
were used as a model for molecular replacement. For refine-
ment the protocol described above was used but including the
twin law A, —k, —/ and the twin fraction (0.44) in phenix.refine.
The final structures satisfied the MolProbity (Chen et al., 2010)
criteria at corresponding resolutions. All molecular-graphics
representations were drawn using Chimera (Pettersen et al.,
2004) and PyMOL v.1.3 (Schrodinger).

2.3. Deglycosylation of Hev b 2

Endogenous Hev b 2 (isoform II) was deglycosylated,
without denaturation, using the NDEGLY enzymatic degly-
cosylation kit (Sigma, St Louis, Missouri, USA) according to
the manufacturer’s specifications. The integrity of the dialyzed
protein after deglycosylation was verified by means of the
enzymatic activity using laminarin as a substrate and the
dinitrosalicylic acid (DNS) method (Miller, 1959).

2.4. Analysis of the N-linked glycan structures

The N-linked oligosaccharides from denatured Hev b 2
were released by digestion with peptide-N-glycosidase F from
Chryseobacterium meningosepticum or with peptide-N-glyco-
sidase A from almond (Calbiochem, San Diego, California,
USA). Glycans were labelled with 2-aminobenzamide using
the Signal 2AB labelling kit (Glyko Inc., Novato, California,

! Supporting information has been deposited in the IUCr electronic archive
(Reference: MN5038).

USA) according to the manufacturer’s specifications. Labelled
glycans were separated by HPLC with a GlycoSep N column
utilizing a gradient of acetonitrile and 250 m}M ammonium
formate pH 4.4 as previously described (Guile et al., 1997).
Separated glycans were detected with a fluorescence detector,
with excitation and emission wavelengths of 330 and 420 nm,
respectively. Glucose units (GU) were assigned to the
observed peaks by comparison with a glucose homopolymer
standard (Glyco Inc.). The structure of the glycans was
assessed considering their GU and their susceptibility to
exoglycosidases such as §(1-3,4,6)-galactosidase from bovine
testis, «(1-2,3,4,6)-fucosidase from bovine kidney, B(1-
2,3,4,6)-N-acetylhexosaminidase and «(1-2,3,6)-mannosidase
from jack bean.

2.5. Direct ELISA assay

ELISA experiments were carried out in order to estimate
the importance of the Hev b 2 carbohydrate moieties in the
IgE interaction. Each well of 96-well Nunc MaxiSorp micro-
litre plates was coated with 100 ul (5 ug ml~") glycosylated or
deglycosylated Hev b 2 in PBS for 1 h at 37°C. After washing
with 0.1% (v/v) Tween-20 in PBS, the plates were blocked with
0.5% (w/v) gelatin in PBS for 2 h at 37°C. In order to analyze
IgE antibody binding, sera of allergic donors were diluted 1:10
and 100 pl was added to the wells; the plates were then
incubated for 3 h at 37°C. Five sera from non-allergic volun-
tary donors were used as controls. The subsequent steps
included the addition of biotinylated anti-human IgE at a
1:1000 dilution to the well after a washing step, and incubation
for 1 h at 37°C. The enzyme conjugate streptavidin peroxidase
(1:2000) was added and incubated for 1h at 37°C.
The peroxidase reaction was developed using fresh ortho-
phenylenediamine substrate and was stopped after 15 min by
adding 50 pl 6 N HCL. The plates were read at 490 nm with an
Elx 808 Ultra Microplate Reader. Each absorbance value was
calculated as the mean of three independent determinations.
The Ethics Committee of the Instituto Nacional de Pediatria,
México, DF approved the protocol used to obtain sera from
allergic patients.

2.6. In vitro basophil activation

Human basophils were purified from peripheral blood from
non-atopic donors as described previously (Leonard et al.,
1984). For sensitization, the basophils were incubated for 1 h
at 37°C with serum from a latex-allergic patient at a final
concentration of 10%. Sensitized basophils were seeded onto
35 mm glass-bottom micro-well dishes (MatTek Co, USA) at a
density of 1 x 10° in Hank’s Balanced Salt Solution (HBSS)
and were further stimulated with glycosylated or deglycosyl-
ated Hev b 2 at 150 ng ml~". Stimulation with the major latex
allergen Hev b 6.02 at 75 ng ml~' was also included. Non-
sensitized as well as non-stimulated basophils were used as
negative controls.

Morphological changes were associated with basophil acti-
vation and degranulation (Xiang et al., 2001) and were
visualized by Nomarski differential interference contrast

Acta Cryst. (2014). D70, 329-341

Hevb2 331

Rodriguez-Romero et al.



research papers

Table 1

X-ray data-collection and refinement statistics.

Values in parentheses are for the highest resolution shell.

Polymorph 1 Polymorph 2

Data collection

Radiation source 5ID-B, APS X6A, NSLS
Wavelength (A) 0.97 0.977
Space group R P2, P4,
Unit-cell parameters (A, °) a=287.18, b =89.78, a =150.12,
¢ =101.54, b =150.12,
B =113.59 c=7733
Reflections (total/unique) 187212/46317 177816/46257
Resolution limits (A) 25.21-2.54 47.47-2.67
Completeness (%) 97.1 (78.92) 93.5 (93.36)
Rierget (%) 7.1 (15.3) 7.6 (49.6)
(Ilo(1)) 13.49 (4.96) 10.8 (2.1)
Average multiplicity . 4.0 (2.9) 3.5(3.4)
B factor from Wilson plot (A?) 35.8 455
Refinement statistics
Resolution (A) 25.21-2.54 47.47-2.67
No. of reflections 46317 46257
R/Rgeet (%) 19.3/24.1 20.2/22.0
No. of reflections for test set 1878 2352
Twin law h, =k, —1
Twin fraction 0.44
No. of non-H atoms
Protein (316 residues) 9938 9887
‘Water molecules 193 56
No. of ligand molecules
Polyethylene glycol 2 0
Cacodylate ions 0 1
Citrate ions 0 3
Na* ions 0 1
Sugar rings
Chain B 1 GlcNAc, 1 Fuc 0
Chain C 2 GlcNAc, 1 Fuc 2 GlcNAc
R.m.s. deviations
Bond lengths (A) 0.011 0.011
Bond angles (°) 1.48 1.63
Ramachandran plot, residues in (%)
Most favoured region 99.4 99.4
Disallowed region 0.6 0.6
Clashscore from MolProbity 0.03 0.10
Average B factor (A?) 36.00 56.20
PDB code 4hpg 4iis

T Ruerge = Y 2 Ui(hkl) — (I(hKD)Y| /3" q i 1;(hkl), where (I(hkl)) and I,(hkl) are the
mean and the ith measurement of the intensity of reflection hkl, respectively. % Crys-
tallographic R ="/ |[Fons| = |Feucl |/ D nit | Fobs|» Where [Fop and |yl are the observed
and calculated structure-factor amplitudes, respectively. Ry, is the corresponding R
value for a randomly chosen 5% of the reflections that were not included in the
refinement.

microscopy. Live-cell time-lapse microscopy images were
obtained at different times using 40x/1.3 Oil Plan-Neofluar
objectives on a confocal laser scanning microscope (Zeiss,
LSM 510). Images were acquired using an Zeiss AxioCam HR
with LSM 5 Image Examiner software.

3. Results and discussion
3.1. Overall structural features of native Hev b 2

Hev b 2 is a basic, vacuolar endo-g-1,3-glucanase (glucan
endo-1,3-B-p-glucosidase; EC 3.2.1.39) that belongs to family
17 of the glycoside hydrolases (GH17) and to the PR-2 family
of pathogenesis-related proteins (Leubner-Metzger & Meins,
1999). Hev b 2 has also been reported to be one of the most
allergenic proteins in latex from the rubber tree H. brasiliensis

(Yeang et al., 2000). The isoform II of $-1,3-glucanase used in
this study was isolated from its endogenous source (H. brasi-
liensis latex, clone GV42). Therefore, we confronted two
challenges in its structural studies: its degree of glycosylation
and the presence of another isoform (I) that is also glycosyl-
ated but lacks a mannose core. The results presented in this
study correspond to the less glycosylated enzyme (isoform II),
which consists of 316 residues and was identified among the
11 nonredundant sequences that have been deposited in
GenBank with accession code ABN09655.1.

As previously reported (Fuentes-Silva ef al., 2007), Hev b 2
isoform II crystallized in two polymorphic crystals that
diffracted X-rays to 2.54 A (P2,) and 2.67 A (P4,) resolution.
Both crystal forms demonstrated high solvent contents (57.2
and 62.2%, respectively), with Matthews coefficients of
2.88 A’ Da! for the monoclinic crystal and 3.26 A’Da™! for
the tetragonal crystal, indicating that both contained four
protein molecules in the asymmetric unit (A, B, C and D),
although it has been reported that the protein is monomeric
in solution (Churngchow et al, 1995). Both polymorphs
presented the 316 amino-acid residues of the mature enzyme
and several saccharides that are covalently attached to two
Asn residues (27 and 314) in the protein. The determination
of the structure of the P4, polymorph was hindered by a
combination of slightly lower resolution and the presence of
merohedral twinning, as confirmed by the cumulative intensity
plot (Supplementary Fig. S1); nevertheless, all of the amino
acids and two saccharides on residue 27 (monomer C) could
be interpreted in the electron-density maps. Some side chains
of solvent-exposed residues were modelled as Ala in both
polymorphs. Additionally, two residues (Trp104 and Asn312)
in each monomer exhibit torsion angles that lie outside the
expected regions in the Ramachandran plot. Trp104 is located
in the Q-like loop that lies near the substrate-binding groove
and Asn312 is located near the second glycosylation site
(Asn314). Electron-density maps for these two residues are
shown in Supplementary Fig. S2. A summary of the refinement
and final model statistics for the two Hev b 2 polymorphs are
provided in Table 1 and the atomic coordinates have been
deposited in the Protein Data Bank as entries 4hpg and 4iis.

As shown in Figs. 1(a) and 1(b), ribbon representations of
both the monoclinic and the tetragonal lattices exhibit four
protein molecules in the asymmetric unit, but the assemblies
are different. The monoclinic asymmetric unit of Hev b 2 is
arranged in a tetrahedral form, whereas the tetragonal
asymmetric unit forms a flat square. The topology of each
individual monomer is that shown in Fig. 1(c), which depicts
the canonical («/B)s TIM-barrel motif that is found in other
plant B-1,3-glucanases such as those from barley (Hordeum
vulgare; Varghese et al., 1994; PDB entry 1ghs), banana (Musa
acuminata; Receveur-Bréchot et al., 2006; PDB entry 2cyg)
and potato (Solanum tuberosum; Wojtkowiak et al., 2012; PDB
entries 3ur7 and 3ur8) and includes a central deep groove
along the entire length of the upper surface of the molecule.

Although the overall fold of the endogenous Hev b 2
isoform II is highly conserved in the GH17 family, we found
that it possesses unique structural features. Firstly, Hev b 2
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contains an N-terminal pyroglutamate (Fuentes-Silva et al.,
2007), which is also found in numerous other PR proteins
(Rep et al., 2002) involved in resistance towards proteolysis
and in protein-receptor interactions (Morty et al., 2006). In
plants, it has also been suggested that pyroglutamate is an
important precursor and source of glutamate (Ohkama-Ohtsu
et al, 2008). A 2F, — F. electron-density map of this

dimers and can include hydrogen bonds and salt bridges. For
example, for the P4, crystal we observed the following inter-
actions in the B-C dimer (Fig. 3a): Argl00B N“H1 with
Glu240C O°' (337A) and with Glu94C O (338 A),
Argl00B N“'H2 with Tyr178C OH (3.53 A), Argl00B N° with
Glu297C O° (349 A), Argl00C N“H1 with Tyr178B OH
(3.59 A), Argl00C N“H2 with Glu297B O°' (2.78 A) and with

post-translational ~ modification
contoured at the 1.00 level is
provided in Fig. 2(a). In Figs. 2(b),
2(c¢) and 2(d) we also present
2F, — F, electron-density maps of
the glycosylation sites Asn27 and
Asn314, which may possess the
carbohydrate sequence shown in
Fig. 2(e). This sequence has been
found in several plant glycopro-
teins and was by far the most
abundant sequence in this
glycoallergen (92.5%; Supple-
mentary Table S1). Secondly, the
structure of Hev b 2 contains an
Q-like loop located on the
protein surface (Ser96-Thr102)
that is important for the associa-
tion of the monomers in the
asymmetric unit. This loop
connects strand B4 (residues 85—
94) to a small 3;y-helix segment
(residues 105-108; Fig. 1c).
Notably, the side chain of Argl00
is highly exposed at the tip of the
Q2-like loop and, interestingly, this
position is occupied by Gly in
most of the p-1,3-glucanase
isoforms from H. brasiliensis.
Thirdly, Hev b 2 contains addi-
tional structural elements in the
C-terminal half of the barrel that
include four short antiparallel
B-strands and short helices and
loops which constitute a small
subdomain from strand S5 to
helix 6 (Fig. 1c) that is slightly
larger than the subdomain
reported for potato B-glucanase
(Wojtkowiak et al., 2012).
Notably, both asymmetric units
(P2, and P4,) exhibit a conserved
dimer which buries a significant
surface area at the interface that
is stabilized by several inter-
actions that involve Argl00 of
one monomer and residues near
the catalytic site of the opposite
monomer (Fig. 3). These inter-
actions vary among the different

130
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Figure 1

Quaternary structure adopted by endogenous Hev b 2 (endo-$-1,3-glucanase) in polymorphic crystals and
the corresponding topology diagram. (a) Ribbon representation of the tetrahedral asymmetric unit
arrangement in the monoclinic P2; crystal. Monomer A is shown in green, monomer B in red, monomer C
in orange and monomer D in purple. (b) Ribbon representation of the P4; asymmetric unit that consists of
a planar square assembly of two similar dimers (using an identical colour scheme). (c) Topology diagram of
endo-f-1,3-glucanase from H. brasiliensis. f-Strands are coloured brown and helices are coloured green.
An Q-like loop is shown between B-strand 4 and a small segment of a 3;¢-helix. The dimers that were
identified using the PISA web server are A-D in P2, and A-D and B-C in P4,
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Glu297B 02 (3.52 A), and Argl00C N° with Glu297B O°!
(3.52 A) and with Glu297B O% (2.70 A) (Fig. 3b).

The same interface analysis for the A-D dimer (P4;) is
shown in Supplementary Fig. S3. In this dimer an energetically
significant cation-7 interaction is found between Argl00D
and Tyr178A, as determined using CaPTURE (Gallivan &
Dougherty, 1999). Additionally, a short contact between
Argl00D N“H2 and Glu2974 O°' (235 A) was detected.
Glu297 is located in the active site, close to the two catalytic
residues (Glu94 and Glu240). This unusual distance could
be explained by means of a ‘short strong hydrogen bond’, as
reported in several unusual examples (Fuhrmann ez al., 2006;
Frey, 2004). This could imply that the interaction between the
two residues is emulating a transition state or an enzyme-
intermediate complex. It has been reported that this type of
enzymatic intermediate could exhibit ‘short strong hydrogen
bonds’ with donor-acceptor distances below 2.50 A (Cleland

GlcNAc)

by o
MET M N314

V% W e

;,.3\?«9- ‘-‘\\““Q“!’

f 5% e A

62 e e

SN
a8

& Kreevoy, 1994). Nonetheless, theoretical calculations could
provide a more exact description of this type of interaction.

It has been established that endo-g-1,3-glucanase from
H. brasiliensis functions as a monomer, and its kinetic para-
meters (Churngchow et al, 1995) and those of other S-
glucanases, such as barley endo-f-1,3-glucanase, have been
determined (Hrmova & Fincher, 1993; Hrmova et al., 1995).
We found that the Hev b 2 dimer was detected in solution only
at concentrations higher than 0.15mgml™', at which the
enzymatic activity toward laminarin is lost (results not shown).
We also performed dynamic light-scattering (DLS) experi-
ments that corroborated the presence of the dimer in solution
using sodium citrate buffer pH 5.6 and a protein concentration
of 0.5mgml™" (Supplementary Fig. S4). Based on these
results, we suggest that the dimer plays an important role in
the regulation of Hev b 2 activity in the lutoid bodies, in which
the enzyme could exist as an inactive dimer; upon disruption
of these organelles either mechanically
or through insect or pathogen damage
this defence enzyme adopts the mono-
meric and active conformation.

Finally, we detected three cis-peptides
in all monomers (P2, and P4, crystals).
Two were between residues Tyrl44-
Prol45 and GIn293-Pro294, which are
located in solvent-exposed loops. A
third, nonproline cis-peptide between
Phe284 and Ala285 is found at the
bottom of the groove that crosses the
structure; interestingly, Phe284 lies
parallel and adjacent to the catalytic
residue Glu240 (at ~3.90 A) It has
been reported that the cis and trans
isomers provide stable local motifs that
dramatically differ in structure, thereby
providing a mechanism for selecting
distinct binding partners even in the
context of otherwise unstructured
regions of proteins (Lu et al., 2007). In
this regard, evidence at the transcript
level of the presence of a peptidyl-
prolyl cis—trans isomerase in H. brasil-

Figure 2

B(1N) Asn iensis has been reported (UniProt
B3FNQ1); however, no other cis—trans
a(1,3) isomerase has yet been reported.

3.2. Comparison with other
p-1,3-glucanases

A superposition of the C* atoms of
the four monomers present in each

Post-translational modifications in Hev b 2. 2F, — F, and F, — F, electron-density maps contoured
at 1.00 and 3.00, respectively, showing the N-terminal pyroglutamate (monomer C in P2;) (a) and
the carbohydrate moieties at the two glycosylation sites: GIcNAc[Fuc(ol—3)] (monomer B in P2;)
(b), GlcNAc-Asn314 (monomer C in P2;) (c) and GIcNAc[GIcNAc(S1—4)] (monomer C in P4,)
(d). (e) The structure of the oligosaccharide that is present in Hev b 2 as determined in this work.
The symbols and colours used are those recommended for drawing glycan structures (http://
www.proglycan.com/upload/nomen_2007.pdf): GIcNAc, blue square; Fuc, red triangle; Man, green
circle; Xyl, orange star.

asymmetric unit yields an average
r.m.s.d. of 0.24 A for the P2, crystal and
0.56 A for the P4, crystal, as determined
using ALIGN (Cohen, 1997), which
indicates that the molecular structure of
the monomers in each polymorph is

334

Rodriguez-Romero et al. + Hev b 2

Acta Cryst. (2014). D70, 329-341



research papers

essentially identical. The superposition of chain A from the
two polymorphs results in an r.m.s.d. of approximately 0.45 A.
The largest deviations occur at the surface loops that are
involved in crystal contacts, such as Ser199-Tyr211, Pro275-
Ala278 and Phe303-GIn3009.

A structural comparison between Hev b 2 and other plant
endo-B-1,3-glucanases that have been deposited in the PDB
indicated several differences. The superposition of the C*
atoms of Hev b 2 and the allergenic banana $-1,3-glucanase
(PDB entry 2cyg) results in the smallest r.m.s.d. (0.75 A),
whereas an r.m.s.d. of 0.86 A was obtained upon superposition
with the 1,3-1,4--glucanase from barley (PDB entries 1aq0
and 1ghr) and an r.m.s.d. of approximately 0.8 A was obtained
upon superposition with potato 8-1,3-glucanase (PDB entries
3ur7 and 3ur8 for the free enzyme and 4gzj and 4gzi for the
enzyme—carbohydrate complex; Fig. 4a). The potato S-1,3-
glucanase contains an additional highly flexible subdomain

Figure 3

Ribbon representation of one of the Hev b 2 dimers in the P4, assembly
(B-C). The two dimers found in the P4, crystal are similar. A detailed
view of the interactions at the dimer interface is shown. Several salt
bridges and hydrogen bonds (dashed lines) are observed and distances
are indicated. Residues implicated in these interactions are labelled and
shown as sticks; main chains are coloured according to the scheme
described in Fig. 1. (¢) Argl00 of monomer B and its interactions with
monomer C. (b) Argl00 of monomer C and its interactions with
monomer B.

that is part of the catalytic groove and that has been suggested
to possibly be involved in substrate specificity (Wojtkowiak
et al., 2012). In Hev b 2, this flexible domain is larger and
contains two pairs of short antiparallel S-strands and three
short helical segments (Fig. 1c). An additional interesting
feature of Hev b 2 is the presence of the aforementioned
protruding $2-like loop, which is involved in the dimerization
of monomers (A-D in the P2, asymmetric unit and A-D and
B-C in the P4, asymmetric unit). The potato B-glucanase
conserves residue Argl23; however, the length of the loop is
shorter and the conformation of the residue is different.
Nevertheless, analysis of the structures of potato S-glucanase
in the absence of substrates or products showed that residues
of the His-tag octapeptide at the C-terminus of the enzyme
occupy this position and interact with residues in the active
site, mimicking substrate or product recognition (Wojtkowiak
et al., 2012).

Analysis of the coordinates of the two crystal forms using
the PISA web server (http://www.ebi.ac.uk/msd-srv/prot_int/
cgi-bin/piserver; Krissinel & Henrick, 2007) revealed that the
only stable quaternary structure in the asymmetric unit is the
dimer. For the monoclinic crystal the interface in the A-D
dimer buries 1375 A? with a AG of —3.7 kJ mol™". Inter-
molecular interactions within this interface are maintained by
16 hydrogen bonds and salt bridges that involve the Argl00
residues of the two polypeptide chains. For this crystal form
there is one dimer in the asymmetric unit; however, symmetry-
related contacts with molecules at (—x, y + 1/2, —z) repro-
duced this interface. For the P4, crystal two protein—protein
interface regions were analyzed: A-D and B-C. Both gave
interface areas of 1338 A2 and a AG of —3.1 kcal mol™".
Intermolecular interactions within the A-D interface are
maintained by 26 hydrogen bonds and salt bridges, whereas
18 hydrogen bonds and salt bridges are present in the B-C
interface.

3.3. The Hev b 2 active site

The hydrolysis of the glycosidic bond catalyzed by GH17
glycosidases is characterized by the retention of the stereo-
chemistry of the anomeric C atom at the cleavage point
(Jenkins et al., 1995). In general, the overall topology of endo-
B-1,3-glucanase active sites falls into the ‘cleft or groove’ open
structure classification, which allows the random binding
of several sugar units in polymeric substrates. Studies of the
barley isozymes have indicated that there are eight subsites
that accommodate glucosyl residues inside the catalytic
groove (Hrmova et al., 1995). The linear (1—3)-B-p-glucan
substrate occupies subsites —3 to +5, with the scissile bond
located between residues —1 and +1 (Davies et al., 1998). It
has been proposed that the hydrolysis reaction proceeds
through a double-displacement mechanism involving a
nucleophile and a proton-donor carboxylic group that are
located on opposite sides of the hydrolyzed glycosidic bond at
a distance of approximately 5.5 A. Considering the recently
proposed mechanism (Wojtkowiak et al., 2013), the proton
donor is situated within hydrogen-bonding distance of the
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glycosidic O atom. After protonation of the glycosidic O atom
by the proton donor, the nucleophile attacks the sugar ring tion.
from the opposite side relative to the leaving group to form a
covalent glycosyl-enzyme intermediate, which is subsequently

Figure 4

Overall fold of the biological monomer of Hev b 2. (a) Ribbon representation of several
superimposed plant S-glucanases: Hev b 2 (monomer A, P2,; brown), banana $-1,3-glucanase (PDB
entry 2cyg; gold), barley B-1,3-1,4-glucanase (PDB entry 1aq0; red), barley -1,3-glucanase (PDB
entry 1ghs; green) and potato B-1,3-glucanase (PDB entries 3ur7 and 4gzl; without and with
carbohydrates in the active site; grey and blue, respectively). Major differences are localized in the
loops indicated by arrows. Using the numbering of Hev b 2, major differences lie in loop 1 (residues
80-85), loop 2 (94-103), which includes one catalytic residue and notably comprises the Q-like loop
that is only present in Hev b 2, loop 3 (residues 195-214), which exhibits the largest differences, loop
4 (residues 247-252) and loop 5 (residues 293-295). (b) Molecular surface of monomer C (P4,
crystal). Catalytic residues (Glu94 and Glu240) and putative residues involved in substrate binding
are shown in the right panel. The peptide bond of Tyrl44 is in a cis configuration and adopts a
conformation that occludes the carbohydrate-binding groove, as shown in the left panel (monomer
B, P4)).

hydrolyzed by a water molecule in the next step of the reac-

Several residues participate in the binding and hydrolysis of
the substrates. Two conserved catalytic residues that act as the

proton donor and the nucleophile
correspond to Glu94 and Glu240,
respectively, in the H. brasiliensis
B-glucanase, and their location in the
groove is shown in Fig. 4(b). Regarding
other residues that are involved in
substrate binding, a very recent report
(Wojtkowiak et al., 2013) presents two
structures of potato endo-p-1,3-gluca-
nase with an E259A mutation of the
catalytic residue (Glu240 in Hev b 2)
that unexpectedly hydrolyzed a hexa-
saccharide substrate into two different
products: two trisaccharide molecules
(PDB entry 4gzi) or a tetrasaccharide
and a disaccharide (PDB entry 4gzj).
From these structures the authors veri-
fied that conserved residues such as
Asnl17, Glu310, Lys313 and Glu319
interact with the glucose units at
subsites —1 and —2 (corresponding to
residues Asn93, Glu289, Lys292 and
Glu297, respectively, in Hev b 2; Fig. 4b).
In addition, several conserved aromatic
residues are present in the groove that
were found to directly interact with the
oligosaccharides: Tyr58, Tyr201, Phe305
and Phe322 in potato B-glucanase
(corresponding to  Tyr34, Tyrl7s,
Phe284 and Phe300 in Hev b 2, respec-
tively; Fig. 4b). These results are corro-
borated by site-directed mutagenesis
studies of barley -1,3-glucanase (Chen
et al., 1995). Finally, it is noteworthy that
in the structure of Hev b 2 we observed
that Tyr144, which is present in one of
the cis-peptide bonds (Tyr144-Pro145),
adopts a conformation that occludes the
carbohydrate-binding groove in some
monomers (A in the P2; crystal and D
and B in the P4, crystal; Fig. 4b, left
panel), and therefore may be implicated
in substrate specificity by regulating the
timing of biological events such as
protein—carbohydrate interactions or as
part of the driving force for enzyme
motion along the carbohydrate chain or
of the polysaccharide along the groove.
Besides, electron-density near Tyrl44
(A in the P4 crystal) could be
interpreted as an Na* ion. We included
this ion on the basis of a proper
cation— interaction (Dougherty, 2013),
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appropriate behaviour during refinement and the presence of
two sodium salts in the crystallization condition (0.2 M triso-
dium citrate and 0.1 M sodium cacodylate).

3.4. Carbohydrates and the role of glycosylation

N-linked glycan moieties of some glycoproteins from NRL
and those from vegetables, fruits, pollens and insect venoms

Catalytic
groove

)

Figure 5

Location of putative IgE-binding epitopes. (a) Electrostatic potential
surface of Hev b 2 (monomer C, P2, crystal). The three post-translational
modifications are located in a patch on the surface of the protein that is
surrounded by positively charged and some aromatic residues. On the
opposite face of the protein the catalytic groove and residue Argl00,
which is involved in protein dimerization, are also indicated. The volume
of the groove based on the molecular surface is 609 A® for Hev b 2,
whereas the largest volume is observed for potato f-1,3-glucanase (PDB
entry 4gzi) with bound carbohydrates (2916 A%). (b) Surface representa-
tion of the same monomer depicting the previously identified linear
epitopes (putative epitopes 1 in green and 8 in pink; Barre ez al., 2009).
Interestingly, these two epitopes contain the three post-translational
modifications, which are shown as sticks, of the endogenous Hev b 2
allergen.

have been demonstrated to be involved in IgE-mediated
allergy and cross-reactivity (Bonds et al., 2008; Foetisch et al.,
2003; Tretter et al., 1993). In general, oligosaccharides stabilize
glycoproteins, protect them from proteases and prevent
nonspecific protein—protein interactions; however, as
previously mentioned, some oligosaccharides form specific
recognition epitopes that affect receptor binding (Rudd et al.,
2004). A primary-structure analysis of Hev b 2 isoform II
suggested one potential site for N-glycosylation at Asn27 and
our previous biochemical studies indicated that approximately
6% (w/w) of the molecular mass could be attributed to
carbohydrates (Fuentes-Silva et al., 2007), which corresponds
to approximately 14 saccharide units. In this study, we deter-
mined the N-linked glycan structure that is released from Hev
b 2 through enzymatic digestion and identified nine different
sugars (Supplementary Table S1). The most abundant glycan
was the branched GlcNAc[Fuc(o1— 3)]GIcNAcMan[Xyl(51— 2]
Man,GIlcNAc decasaccharide, which has been widely detected
in other plant glycoproteins (Wilson et al., 2001). Other
identified glycans included high-mannose and o1,6-fucosyl-
ated paucimannose forms (Supplementary Table S1).

N-Glycosylation at Asn27 was evident from the electron-
density maps of the P2, crystal, but the number of sugar units
modelled in each of the four monomers differed. The largest
carbohydrate was located at residue 27 in monomers B and C
and consisted of a branched r-Fuc(al—3)-GlcNAc disac-
charide that could be modelled into the electron density
(Fig. 2b); a third sugar residue, GIcNAc, that is attached to O4
of the first GIcNAc401B is observed at low contours but was
not modelled. Poor electron density was observed for a single
GIlcNACc saccharide at residue 27 in monomers A and D, but
the sugars were not included in the model. For the P4, crystal,
we could only include a GIcNAc-GIcNAc disaccharide at
Asn27 of monomer C. During model building and refinement
we observed a clear excess of electron density at position
Asn314 (Fig. 2d), which was not predicted to be an N-glyco-
sylation site by the NetNGlyc server (http://www.cbs.dtu.dk/
services/NetNGlyc); nevertheless, the residues involved
included Asn-Phe-Ser, which is also considered to be a
consensus sequence for N-glycosylation even though Thr is
more common than Ser. At the Asn314 residue, we were able
to model a single GIcNAc into the electron density for one
monomer (C) in the P2 crystal and a clear excess of electron
density was also visible in monomers B and D of the P4,
crystal; however, no sugars were modelled owing to the low
real-space correlation coefficient to electron density (RSCC)
as determined in PHENIX.

As previously stated, the two N-glycosylation sites in
Hev b 2 are localized at the sequon Asn27-11e28-Thr29,
whereas the second site was found at the sequon Asn314-
Phe315-Ser316 at the C-terminus. The latter is not conserved
in most of the H. brasiliensis $-1,3-glucanase isoforms, which
predominantly contain the Asn314-Phe315-Gly316 sequon.
Both glycosylation sites are spatially accessible on the surface
of the protein and therefore may lead to a multivalent
allergen, increasing the allergenic potency. The Hev b 2 crystal
structure confirmed the presence of an N-linked branch
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containing the L-Fuc(owl—3) residue, which was clearly
interpreted in the P2; polymorph (monomers B and C).

The arrangement of residues found in the carbohydrate
structure is similar to the highly immunogenic epitope of
the Lewis™ oligosaccharide. The Lewis® oligosaccharide
D-Gal(B1—4)-[L-Fuc(el—3)]-8-pDGalNAc-OH is a carbo-
hydrate moiety that is commonly found in mammalian and
nonmammalian complex glycans (Pérez et al., 1996). Lewis™-
containing glycans are present in several human pathogens
and are often associated with pathogen-induced TH2-biased
adaptive immunity (Hsu er al, 2007, Thomas, Hales et al.,
2003). The characteristic arrangement of residues found in our
sugar structure differs slightly from the epitope of the Lewis™
oligosaccharide, which has the Fuc residue «l,3-linked to
Asn-GalNAc instead of the «1,3-fucosylation in Asn-GluNAc.
Notably, it has been demonstrated that core «1,3-fucosylation
of the asparagine-linked GlcNAc of plant-derived (Altmann,
2007), snail-derived (van Tetering et al., 1999) and insect-
derived glycoproteins (van Ree et al., 2000; Seismann et al.,
2010) is often associated with the allergenicity of such glyco-
proteins (van Ree et al., 2000). Therefore, all of these findings
suggest that this glycan epitope is a pan-allergen.

3.5. Potential IgE-binding epitopes in Hev b 2

Several attempts have been made to determine the distri-
bution of epitopes within the amino-acid sequences of aller-
genic plant f-1,3-glucanases. For the banana f-glucanases, 15
linear or continuous IgE epitopes were predicted considering
their hydrophilicity, flexibility and exposure to the solvent
(Receveur-Bréchot et al, 2006). More recently, nine IgE-
binding epitopes along the amino-acid sequence of Hev b 2
were determined using synthetic 15-mer peptides (Barre et al.,
2009) and some of these epitopes coincided with those
previously reported for the banana f-glucanases. Most of the
amino-acid residues belonging to these IgE-binding epitopic
regions are surface-exposed and typically correspond to
charged regions on the molecular surface of the protein. For
Hev b 2, it is noteworthy that although Argl00, which is
located at the tip of the Q2-like loop, is highly exposed to the
solvent, its presence in these epitopes was not predicted or
observed by these authors (Barre et al., 2009; Fig. 5a).

As a natural allergen, Hev b 2 preserves its endogenous
carbohydrate moieties, which consist of two N-glycosylation
sites, one of which contains L-Fuc(ol—3) and p-Xyl(S1—2)
residues similar to the branched Lewis™-type motif. The three
post-translational modifications are located on a patch
exposed to the solvent and opposite the catalytic groove
(Fig. 5a). Notably, both glycosylated Asn residues (27 and 314)
belong to two linear epitopes that were previously proposed
(Barre et al., 2009; epitope 1, 16-VSEVIALYKKSNITRMR
IYDPNQA-39; epitope 8, 301-GLFFPNKWQKYNLNF-315)
which are spatially near on the surface and form a confor-
mational epitope (Fig. 5b). In this respect, notably, Hev b 2
dimerizes through interactions that involve the active-site
groove, therefore leading to a divalent allergen that would
enhance its allergenicity (Rouvinen et al., 2010).

To determine the contributions of the carbohydrate
moieties to the Hev b 2-IgE interactions, we utilized glyco-
sylated and deglycosylated Hev b 2 isoform II in an ELISA
test using 20 sera from symptomatic latex-allergic patients.
The cutoff value (mean OD value + 3s.d.) of the binding of
five sera from non-allergic control subjects to Hev b 2 was
0.29 £ 0.02. As expected, all sera from latex-allergic patients
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Figure 6

Enzymatic N-deglycosylation of Hev b 2 revealed that the glycan moieties
produced an important decay of the allergen specific IgE binding. (a)
ELISA experiments using sera from latex-allergic subjects. The ordinate
axis shows the optical density (OD) at 490 nm. Black bars indicate IgE
reactivity against the glycosylated Hev b 2, whereas white bars indicate
IgE binding for the enzymatically deglycosylated form. Sera from five
non-allergic voluntary donors were used as a control. Data represent the
means of triplicate experiments. (b)—(e) Live-cell microscopic images of
human sensitized basophils stimulated with two different latex allergens
compared with non-stimulated basophils. Photomicrographs after 39 s of
stimulation with each allergen are shown. (b) Non-stimulated basophils,
(c) the allergen hevein (Hev b 6.02), (d) glycosylated Hev b 2 and (e)
deglycosylated Hev b 2. Images were captured using a 40x objective on a
confocal laser scanning microscope (Zeiss, LSM 510).
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recognized the glycosylated protein, whereas the deglycosy-
lated form failed to demonstrate significant binding to IgE in
comparison with the control. Nevertheless, the reactivity of
IgE towards deglycosylated Hev b 2 did not decay to the
control level in two sera (Fig. 6a). These results agree with
previous studies that suggested the possibility of a glyco-
epitope and/or a combined IgE-binding site that is composed
of peptide and carbohydrate regions (Yagami et al., 2002;
Glesner et al., 2011; An et al., 2012).

To further confirm the importance of the N-glycan struc-
tures to basophil activation and degranulation, we used time-
lapse video microscopy employing a Zeiss LSM 510 laser
scanning microscope to monitor these processes after stimu-
lation with the endogenous glycosylated and deglycosylated
Hev b 2 allergen. Control non-stimulated but sensitized
basophils did not demonstrate any morphological changes
(Fig. 6b). We clearly observed that another major latex
allergen, Hev b 6.02 (hevein; Reyes-Lopez et al., 2004), and
the glycosylated form of Hev b 2 induced the activation and
explosive degranulation of sensitized basophils after 39 s of
treatment (Figs. 6¢ and 6d, respectively), confirming the
ELISA results. Interestingly, deglycosylated Hev b 2 induced
only a slight activation of the treated basophils (Fig. 6¢). These
results confirm that N-glycans contribute to the allergenicity
of Hev b 2 and that carbohydrates are important immunogenic
determinants, as has been found for other unrelated glyco-
allergens, such as those from tomato (Westphal et al., 2003),
cypress (Iacovacci et al., 2002) and olive (Batanero et al.,
1999).

One interesting fact is the structural homology that exists
between the glycan moieties on Hev b 2 and the Lewis™ motif,
which may function as a structural mimic or as a pathogen-
associated molecular pattern (PAMP) that is recognized by
different classes of pattern-recognition receptors (PRRs) such
as Toll-like, C-type-lectin or mannose receptors. Interestingly,
the Lewis™ motif has been detected in the major secretory egg
antigen from Schistosoma mansoni (IPSE/alpha-1) that acti-
vates human basophils (Wuhrer et al., 2006). In fact, it has
been demonstrated that the Lewis™-type S. mansoni carbo-
hydrate functions as an innate Th2 promoter via a particular
L-Fuc(al—3) residue that is required for this activity that also
depends on TLR4 signalling (Thomas, Carter et al., 2003).
Other studies using extracts from Aspergillus fumigatus
(Yamashita er al, 2002) and the S. mansoni egg antigen
(Meevissen et al., 2010) have also indicated that carbohydrates
can induce a T-helper type 2 (Th2) response. Accordingly, we
suggest that the Hev b 2 oligosaccharides could interact with
the TLR4 complex as Lewis™-type ligands (Thomas, Carter
et al., 2003). In conclusion, the oligosaccharides present in
glycosylated allergens may be a predominant target both in
the innate immunity and the humoral immune response, and
should be considered an important factor in their structural
and immunochemical characterization.

The three-dimensional structure of Hev b 2 presented here
is the first of an endogenous glycosylated allergen that is
clinically relevant to latex allergy and cross-reactivity with
other plant glycoallergens and insect venoms. Our results also

confirmed that the glycan moieties present on Hev b 2 are an
important allergenic IgE epitope and a possible elicitor of
TLR4 or lectin-like receptor stimulation.

4. Conclusions

We present here the three-dimensional structure of the
endogenous allergen Hev b 2, which is a B-1,3-glucanase
belonging to the GH17 glycoside hydrolase family that exhi-
bits the canonical («/f)g fold that is common in other plant
B-1,3-glucanases such as those from barley, banana and potato.
The structures of the two obtained crystal polymorphs show
a dimer in the asymmetric unit, which revealed a possible
regulatory mechanism through the occlusion of the active site
by Argl00, which is present at the tip of an Q2-like loop.

Hev b 2 exhibits three post-translational modifications,
including an N-terminal pyroglutamate and two glycosylation
sites, one at Asn27 and another at Asn314. These modifica-
tions form a patch on the surface of the molecule that we
propose to be the binding site for IgE antibodies. In addition,
two IgE-binding epitopes that were previously identified
(Barre et al., 2009; the aforementioned epitopes 1 and 8) are
coalescent on the molecular surface, creating extended IgE-
binding areas on the surface of Hev b 2 which could play a key
role in the allergenic potency. Our immunological studies
suggest that the glycan moieties on Hev b 2, which are
N-linked branched Lewis™-type oligosaccharides, are impor-
tant allergenic IgE epitopes.

Furthermore, confocal microscopy analysis and IgE-binding
ELISA assays revealed the important role of the Hev b 2
carbohydrates in the induction of human allergenic reactivity
against latex. These carbohydrate epitopes might be respon-
sible for the IgE-binding cross-reactivity that is currently
observed in latex—fruit syndrome. Overall, our results point
out that the study of endogenous glycoallergens containing
PAMP-type motifs, which cannot be obtained using recombi-
nant proteins, is relevant to to the understanding of the wide
adaptive and innate immune responses against allergens by
the host. Thus, this type of analysis should be considered in the
future design of allergy therapies and diagnostic tools.
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