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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

ol o2
00000 Q00000

1 10 20 30 49 50 60
Rice3 FMG REG| CRLECEEL SR TGERVLRM. . ... ..... GNQ ESQ
Arah2 [\AHAZ QQWIILIQIGDRR[§0 S O L E)JA NJAR|P[ex{ o[ HIAM[O)K|I QIIDED S YPJRDPYSPSQDP Y S P Si YRR GAIG|SE]e)

o3 o4 oS
000000000 00000000000000
79 8(? 99 10(? 119 129
Rice3 QL CCNEE ECCEAI DQG LHG SVAAGEV. . . .BEMRQTRT|N
Arah2 HQER[J&\E LINE/FENN QR[eM[e§zFL 0|opgMi{N[6)S|DRIL[]C R Q[0}Y . [Q Q/F KIR E|L. RN|L|P|Q O[efe| . R A P Qp¥&D L. D[V E S|G
*

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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