Available online at www.sciencedirect.com

q

SCIENCE@DIRECT“ l uno[oqy

etters

Vi

ot G N
ELSEVIER Immunology Letters 100 (2005) 153-158

www.celsevier.com/locate/

Homology modelling of the major peanut allergereAr 2 and surface
mapping of IgE-binding epitopes
Annick Barre, Jean-Philippe Borges, Raph@ulerrier, Pierre Rolaf

Surfaces Cellulaires et Signalisation chez legdtaux, UMR-CNRS 5546 pl&"de Biotechnologieeggtale, 24 Chemin de Borde Rouge, 31326
Castanet-Tolosan, France

Received 17 January 2005; received in revised form 7 March 2005; accepted 18 March 2005
Available online 28 April 2005

Abstract

Three-dimensional models built for the peanuar2 allergen and other structurally-related 2S albumin allergens of dietary nuts exhibited
an overall three-dimensional fold stabilized by disulphide bridges well conserved among all the members of the 2S albumin superfamily.
Conformational analysis of the linear IgE-binding epitopes mapped on the molecular surface lf2A8howed no structural homology
with the corresponding regions of the walnut Jug r 1, the pecan nut Car the Brazil nut Be e 1 allergens. The absence of epitopic
community does not support the allergenic cross-reactivity observed between peanut and walnut or Brazil nut, which presumably depends
on other ubiquitous seed storage protein allergens, namely the vicilins. However, the major IgE-binding epitope identified on the molecular
surface of the walnut &r 1 allergen shared a pronounced structural homology with the corresponding region of the pecanhati€aen.
With the exception of peanut, 2S albumins could thus account for the IgE-binding cross-reactivity observed between some other dietary nuts,
e.g. walnut and pecan nut.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction to milk or egg proteins, which prevail in children but usu-
ally vanish in adult44]. Until now, the strict avoidance of
Peanut allergy has been recognized as the most worryingpeanut and peanut by-products into the diet constitutes the
food hypersensitivity responsible for extremely severe aller- best way to prevent the allergic manifestations in sensitized
gic reactions in children, adolescents and adullsin fact, individuals. However, peanut proteins often occur as hidden
peanut and peanut-containing food products cause more fatahllergens in many (inadequately labelled) food products and
anaphylactic shocks than any other foodst{#fs Sensitiza- the accidental consumption of offending food allergens is
tion to peanut generally occurs during the infancy and very very difficult to avoid. In addition, closely-related allergens
often persists throughout the lif8]. In this respect, peanut  occurring in other dietary seeds, e.g. tree [}t are sus-
allergy actually differs from other current food allergies, e.g. ceptible to trigger allergic reactions in individuals previously
sensitized to peanut proteins. Obviously, this allergic cross-
Abbreviations: Ana o 3,Anacardium occidentalécashew) allergen 3; reactivity dras“,c,a"y cqmpllcates _the ,fOOd ?‘VOIdance rules
Ara h 2,Arachis hypogegpeanut) allergen 2; Ber e Bertholletia excelsa ~ Of Peanut-sensitive patienf§] and inevitably impacts upon
(Brazil nut) allergen 1; Cari ICarya illinoinensigpecan) allergen 1; CDD,  their quality of life[7]. Peanut allergy depends on three al-
cross-reactive carbohydrate determinant; HCA, hydrophobic cluster analy- lergens Ara h 18], Ara h 2[9] and Ara h J10] that occur in
sis; IgE, immunoglobulin E; Jug r Juglans regigwalnut) allergen 1 LTP, - seeds as storage proteinsarl and Ara h 2 are of paramount
I'E'dctg?:':sfzggé?gzjﬁ o i‘fsi@; rgs'%dz'clug'('zzsgg ¢) allergen 3 importance since serum IgE from >90% of peanut-sensitive
fax: +33 05 62 19 35 02. individuals recognize these two major allergglis, 12] Lin-
E-mail addressrouge@scsv.ups-tise.fr (P. Ra)g ear IgE-binding B-cell epitopes have been identified along
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the amino acid sequence of Ara H111] and Ara h 2[12].
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castor bean allergen Ric c[23] (RCSB Protein Data Bank

Ara h 2 consists of an extremely ubiquitous 2S albumin seed code 1PSY) were used to build the three-dimensional model
storage protein also present in many other dietary seeds, in-of the allergens. The percentages of both identit$§%) and

cluding soybeaii13], walnut[14], cashew nuf15], Brazil

nut [16], sunflower[17] or sesame seed&8] (seeFig. 3.
Although these nut allergens are moderately simie83%%

of amino acid sequence similarity) to Ara h 2, they appar-
ently share a conserved three-dimensional fé®]. Some

of them could therefore exhibit B-cell epitopes very similar
to those recognized on the surface oBAr 2 and thus ac-

homology 75%) Rt ¢ 3 shares with A& h 2 Fig. 1) and
other dietary 2S seed albumins allowed us to build rather ac-
curate three-dimensional models using the RMN coordinates
of the castor bean 2S albumin as a template. The extended
N-terminal region, which is extremely desordered in the 20
RMN models, was necessarily omitted in the model building.
Accordingly, the model built for Aah 2 starts at residue GIu5.

count for the IgE-binding cross-reactivity observed between Two out of the 10 linear IgE-binding epitopes identified along
peanutand other dietary nuts. To check this hypothesis, threethe amino acid sequence ofa@h 2 fallinto the N-terminal
dimensional models of Axrh 2 and other nut allergens were region that has been neglected in the model building. How-
built by homology modelling and checked for the presence of ever, they do not correspond to the three immunodominant
epitopes with conformation similar to the &h 2 B-cell epi- epitopes characterized in Ara h 2.88n 2 readily differs from
topes. The major IgE-binding epitopes of the walnut Jug r 1 Ric ¢ 3 by an &tra-loop corresponding to a Pro-rich repeat
and pecan Qal allergens shared a very similar conformation occurring in the N-terminal portion of the polypeptide. An-
but exhibited no structural homology with the corresponding other less extended extra-loop occurs at the C-terminal end of
region of the peanut allergen. Although 2S albumins offer a the polypeptide chain. These two extra-loops were tentatively
molecular basis for the IgE-binding cross-reactivity observed modelled using the best geometrical fitting with the core do-
between some dietary nuts, e.g. walnut and pecan nut, theymain as a criterion for choosing among the different loop
apparently do not account for the cross-reactions reportedconformations available inthe PDB. Steric conflicts were cor-

between peanut and other dietary nuts.

2. Materials and methods

Multiple amino acid sequence alignments were car-
ried out with CLUSTAL-X [20] and displayed with ES-
Pript [21]. The hydrophobic cluster analysis (HCAJ2]

rected during the model building procedure using the rotamer
library [24] and the search algorithm implemented in the Ho-
mology progranj25] to maintain proper side-chain orienta-
tion. The geometry of loop regions was corrected using the
refine option of TurboFrod§26]. An energy minimization

of the final models was carried out by 150 cycles of steepest
descent using Discover 3. The program TurboFrodo was run
to draw the Ramachandran plot and to perform the superpo-

was performed to delineate the conserved secondary strucsition of the model with the template protein. PROCHECK

tural features (stretches of-helix) along the amino acid
sequence of A& h 2 and other 2S albumins by com-
parison with the castor bearRicinus commun)s2S al-
bumin allergen Ric ¢ 3[23] used as a model. HCA
plots were generated using the program drawhca of L.
Canard [ttp://www.Imcp.jussieu.frtsoyer/www-hca/hca-
form.html).

Molecular modelling of Aa h 2 and other 2S albumins was
carried out on a Silicon Graphics O2 R10000 workstation, us-
ing the programs Insightll, Homology and Discover 3 (Ac-
celrys, San Diego CA, USA). The atomic coordinates of the

[27] was used to assess the geometric quality of the three-
dimensional models. As an example, 62% of the residues of
Carii 1 (54% for 1PSY used as template) were correctly
assigned on the best allowed regions of the Ramachandran
plot, the remaining residues being located in the generously
allowed regions of the plot except for Glu57 which occurs
in the non allowed region (result not shown). Cartoons were
drawn with PyMOL W.L. DeLanolttp://www.pymol.org).
Electrostatic potentials were calculated and displayed with
GRASP using the parse3 paramef@&]. The solvent probe
radius used for molecular surfaces wasA @nd a standard
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Fig. 1. Structural alignment of Arh 2 to thecastor bean Ric 3 2S allnmin. Stretches af-helix (al-a5) occurring along the polypeptide chain of£Ri3 have
been indicated. The putativé-glycosylation site of Aa h 2 isindicated by an asterisk) The alignment was performed with CLUSTAL{20], manually
modified according to the HCA plof&2], and representeed with ESPrjgt].
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2.0A-Stern layer was used to exclude ions from the molecu- (Fig. 2C and D) and possess an overall three-dimensional
lar surfacg29]. The inner and outer dielectric constants ap- conformation distinct from that found in the corresponding
plied to the protein and the solvent were, respectively, fixed shorter extra loops of other nut allergens, e.g It or Car
at 4.0 and 80.0 and the calculations were performed keep-i 1. Even though they are better conserved in other nut aller-
ing a salt concentration of 0.145 M. No even distribution of gens (se€ig. 3), other minor epitopes #8, 9 and 10 located
the net negative charge of the carboxylic group of negatively at the C-terminus of the Arh 2 polypeptide also differ by
charged residues was performed between their two oxygentheir three-dimensional conformation from the correspond-
atoms prior to the calculations. ing regions of Rt ¢ 3 Fig. 2E and F) and other allergens
B-cell epitopes were predicted from the hydropathic pro- (results not shown). Most of these epitopes seems specific
files as being the most hydrophilic, flexible and surface ex- for Ara h 2 and hence unsuitable for promoting IgE-binding

posed regions. Different scales of hydrophilici80], flex- cross-reactivity with other nut allergens.

ibility [31], exposition to the solver{B2] and antigenicity Similarly, no conformational similarity could be detected
[33], were used to build the hydropathic profiles with the betweenthe experimentally characterized or predicted B-cell
MacVector (Kodak) software. epitopes of other nut allergens and the major or minor B-

The surface occupied by the previously identified or pre- cell epitopes of Ara h 2. In this respect, although B-epitope
dicted sequential B-cell epitop¢b4] along the amino acid 8 103RLQGRQQEQQFK114 of Arh 2 overlaps the core
sequence of Ax h 2 wascalculated and displayed on the domain (bold letters) of the immunodominant linear B-cell
molecular surface of the proteins with PyMOL. The overall €pitope QGIRGEEMEEMYV characterized in Jug r 35],
conformation of the sequential B-cell epitopes on the molec- Poth regions exhibit rather distinct amino acid sequences and

ular surface of the 2S albumins was displayed with PyMOL. overall conformationsKig. 4). However, this linear B-cell
epitope of Ju r 1 iswell conserved (identical or homolo-

gous residues are underlined) in the pecan nutiQaal-

lergen (EGRGEEMEEMV), the cashew nut Amo 3 al-
3. Results and discussion lergen (QIKGEEVRELY), and the Brazil nut Bee 1 al-

lergen (BM(Q)PRGEQMRRMM) (Fig. 3). Accordingly, its

Homology-based molecular modelling of &h 2 and overall conformation is very similar in €a 1 but rather
other 2S seed albumin allergens showed that seed storagéifferent in Ara. 0 3 or in thecastor bean Ric 3 allergen
2S albumins share a common three-dimensional structural(94GQLHGEESERVA104) (Fig. 4). This absence of epi-
scaffold made of fivex-helices arranged in a right-handed topic community among 2S albumins from distinct plant fam-
superhelix and connected by more or less extended loopsilies does not support the allergenic cross-reactivity observed
(Fig. 2A and B). This three-dimensional conformation, sta- between peanut (Fabaceae) and Brazil nut (Juglandaceae),
bilized by four conserved disulphide bridges, is reminiscent showing that pre-incubation of sera from peanut-sensitive
of that found in type 1 LTP which constitute another group of patients with a Brazil nut extract resulted in a decrease in the
important food allergeng34]. However, 2S albumins differ  IgE-binding to peanut extract in ELISA measuremdBg].
from LTP by the topology of the disulphide bridg@s8]. Ara Similarly, no decrease occurred after pre-incubation with a
h 2 readily differ from other 2S albumins by two additional cashew nut (Anacardiaceae) extract.
loops located at the N- and C-terminal ends of the polypep-  Seed storage 2S albumins thus appear as ubiquitous al-
tide chain, respectively. The more extended N-terminal extra lergens distributed in plants belonging to distinct monocot
loop roughly corresponds to a tandem repeat of a Pro-rich and dicot families. Although their overall three-dimensional
hexapeptide DPYSPS which has no equivalent in Ric ¢ 3 structure stabilized by disulphide bridges is well conserved
or coincides with the less conserved region of all other 2S among all the members of the 2S albumin superfamily, their
albumins sequenced so far.a&Ah 2 contains a putativis- amino acid sequences is highly variable, especially in the N-
glycosylation site Asn88-GIn-Ser. Although well exposed, terminal part of the polypeptide chain. Consequently, they
its location at the end of the mai4 helix suggests it is  do not share common or consensus surface-exposed B-cell
not actually glycosylated. Other modelled nut allergens and, epitopes except for those belonging to the same family, e.g.
especially, Jgr 1 and Car i 1, exhibited a very similar three- the walnut Jg r 1 and the pecan nut Car i 1, susceptible to
dimensional fold but the N-terminal extra loop corresponding account for the currently observed allergenic cross-reactivity
to the tandem Pro-rich repeat ofa#\h 2 isless extended (re-  between peanutand other tree nuts. Other seed storage protein
sults not shown). allergens largely distributed in dietary seeds, namely vicilins,
Molecular mapping of the 10 linear B-cell epitopes pre- should be responsible for this allergenic cross-reactivity.

viously characterized along the polypeptide chain of Ara h However, some IgE-binding cross-reactivity among 2S al-
2 [12] showed a fairly well exposition on the molecular sur- bumins from peanut and other tree nuts could depend on
face of the three-dimensional modélig. 2D and F). This IgE directed against cross-reactive carbohydrate determi-
is especially true for the two major epitopes #6 and 7 which nants (anti-CDD IgE). A single putatié-glycosylation site
correspond to the protruding N-terminal Pro-rich extra loop 94Asn-GIn-Ser exists along the amino acid sequence of Ara
of Ara h 2. This extra loop has no counter-part in Ric ¢ 3 h 2 butitis located into helix3 that occurs at the C-terminal
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Fig. 2. Ribbon diagram of the castor bean 2S albummds3 allergen (A) and Ax h 2 (B). The two N- and C-terminal extra loops ofa#r 2 are indicated by
stars ¥ and# ). N and C indicate the N- and C-termini of the polypeptide chains, respectively. Molecular surfaces of Ric ¢ 3 (C) and Ara h 2 (D) showing the
areas occupied by the major B-epitopes 3 (pink), 6 (blue) and 7 (green); N-termini are oriented left. Molecular surface8¢ERand Ara h 2 (F) showing

A. Barre et al. / Immunology Letters 100 (2005) 153-158

-
' Ly
as

4

o""'.‘
e
-

the areas occupied by the major B-epitopes 8 (orange), 6 (green blue) and 7 (light pink); N-termini are oriented right.
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Fig. 3. Structural alignment of &rh 2 with Ses i from Sesame seeds and other tree nut allergens Ana o 3, Ber ella@hJug r 1. The major B-cell epitopes
(numbered 3, 6 and 7) and the minor B-cell epitopes (numbered 1, 2, 4, 5, 8—-1@) lo24and the corresponding regions of other 2S allergens are open boxed.
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The major B-cell epitope of dur 1 and the corresponding regions of other allergens is dashed boxed.
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(A)

B)

(©)

Fig. 4. Molecular surfaces of gu 1 (A), Cail (B), Ricc 3 (C)and Arah 2

(D) showing the three-dimensional conformation of the major B-cell epitope
(gray) characterized on the surface off 3 and the corresponding regions
on the surface of other 2S albumin allergens. All 2S albumins are similarly
oriented and N indicates the N-terminal end of the polypeptide chains.

end of the molecule. In addition, it is poorly exposed on the
molecular surface in such a way thar 2 may be supposed
to be unglycosylated. According {&2] the allergenic char-
acter of Ara h 2, which do not contain significant amounts of
carbohydrate, appears to be solely due to epitopes. Qype
glycans have also been shown to behave as CCD of the Mug-
wort pollen allergen Art v I37]. However, sera of patients
allergic to grass pollen with significant levels of anti-peanut
IgE but without positive skin prick tests and no symptom of
peanut allergy were extremely poorly reactive when tested
for the presence of anti-CDD IgB8]. Similarly, one can-
not exclude that true conformational B-cell epitopes distinct
from continuous epitopes participate in some cross-reactivity
between Aa h 2 and other tree nut allergens even though their
continuous epitopes do not share sequence or structural sim-
ilarities. In this respect, the use of mimotopes from phage
display libraries, allowed to identify compact patches of se-
quence motifs on the molecular surface of the Bef32] and

Phl p 5[40] allergens that most likely represent the true con-
formational B-cell epitopes. The coalescence of linear epi-
topes 6—7 and 9-10 on the molecular surface af AR (see
Fig. 2D and F) could create more surface-extended confor-
mational epitopes responsible for some cross-reactivity with
other tree nut allergens.
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