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Abstract

Background: Allergic cross-reactions are an issue of ma-
jor concern because of implications for public health.
The molecular basis of cross-allergy is the similarity of
epitopes belonging to proteins of different organisms.
Lupine is an emerging cause of food allergy, which has
become a ‘hot topic’ because of recent large-scale intro-
duction into processed foods and frequent cross-reac-
tions with other members of the legume family. How-
ever, no lupine allergen has been characterized thus far.
Prompted by a recently reported case of peanut-lupine
cross-allergy, we wished to identify the possible cross-
reactive allergen(s) between the two vegetal species.
Methods:We used computer-aided amino acid sequence
comparison, a well-established technique for the study
of protein homology, and followed the FAO/WHO guide-
lines for the identification of potential allergens. We also
performed a three-dimensional modeling of the suspect-
ed cross-reactive proteins to compare their molecular
surfaces. Results:We found a highly significant sequence
homology and molecular similarity between allergen
Ara h 8 of peanut and pathogenesis-related protein PR-

10 of white lupine. Another protein of lupine, the 3-con-
glutin precursor, was found to be significantly homolo-
gous to the Ara h 1 allergen of peanut. The molecular
surfaces of Ara h 8 and PR-10 were remarkably similar.
Conclusions: Our in silico data allow to predict the aller-
genicity of PR-10 and 3-conglutin precursor of white lu-
pine according to FAO/WHO guidelines. Amino acid se-
quence homology also suggests that these proteins
could be responsible, at least in part, for some of the al-
lergic cross-reactions between peanut and lupine report-
ed in the literature.

Copyright © 2005 S. Karger AG, Basel

Introduction

Lupine has recently been widely introduced into foods
as a component of beverages, bread, cookies and pasta as
an additive to wheat flour and is a ‘new’ food allergen
[1-3]. Concern for public health exists not only because
lupine is often a ‘hidden’ component of processed foods,
but also because it has multiple cross-reactivities. The
most important cross-reaction of white lupine is with pea-
nut [2, 3], one of the major food allergens. No lupine al-
lergen has been fully characterized until now. Recently,
Faste et al. [1] reported a case of peanut-lupine cross-al-
lergy and tried to elucidate its molecular basis by immu-
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Arah1 96 QPGDYDDDRRQPRREEGGRWGPAGPRE-REREEDWRQPREDWRRPSHQQ----PRKIRPEGR 152
+P + + + QPRR+ P RE RE+E++ P R+  +++ R + E R
LaBCP 40 RPEEREQEEWQPRRQR----- PQSRREEREQEQEQGSPSYPRRQSGYERRQYHERSEQREER 96
Arah1 153 EGEQEWGTPGSHVREETSRNNPEFYFPSRRFSTRYGNQNGRIRVLQRFDQRSROFONLQONHRI 214
E EQ+ G+P R+ NP++F S+REF T Y N+NG+IRVL+REFDQR+ + +NLON+RI
LapCP 97 EQEQQQGSPSYSRROR----NPYHFSSQRFQTLYKNRNGKIRVLERFDORTNRLENLONYRI 154
Arah1 215 VQIEAKPNTLVLPKHADADNILVIQQOGQATVTVANGNNRKSENLDEGHALRIPSGFISYILN 276
v+ ++KPNTL+LPKH+DAD +LV+ G+AT+T+ N + R+++NL+ G ALRIP+G SYILN
LapCP 155 VEFQSKPNTLILPKHSDADYVLVVLNGRATITIVNPDRROAYNLEYGDALRIPAGSTSYILN 216
Arah1 277 RHDNONLRVAKISMPVNTPGQFEDFFPASSRDQOSSYLQGESRNTLEAAFNAEFNEIRRVLL- 337
DNQ LRV K+++P+N PG F DF+P+S++DQ SY GFSRNTLEA FN + EI+R++L
LapCP 217 PDDNQOKLRVVKLAIPINNPGYFYDFYPSSTKDQOSYFSGFSRNTLEATFNTRYEEIQRIILG 278
Arah1 338 —EENAGGEQEERGOQRRWSTRSSENNEGVIVKVSKEHVEELTKHAKSVSKKGSEEEGDITNPI 398
E+ E++ RGQ + S+ +EGVIV VSK+ +++LTKHA+S S K + + P
LapCP 279 NEDEQEYEEQRRGQEQ----- SDQDEGVIVIVSKKQIQKLTKHAQSSSGKDKPSD---SGPF 332
Arah1 399 NLREGEPDLSNNEFGKLFEVKPDKKNPQLODLDMMLTCVEIKEGALMLPHFNSKAMVIVVVNK 460
NLR EP SN +G +E+ PD +NPQ+QDL++ LT ++I EGAL+LPH+NSKA+ +VVV++
LapCP 333 NLRSNEPIYSNKYGNFYEITPD-RNPQVODLNISLTYIKINEGALLLPHYNSKAIYVVVVDE 393
Arah1 461 GTGNLELVAVRKEQQORGRREEEEDEDEEEEGSNREVRRYTARLKEGDVEFIMPAAHPVAINA 522
G GN ELV +R +Q+Q+ +EE+E+ EV RY+ARL EGD+F++PA +P++INA
LaBCP 394 GEGNYELVGIRDQQORQQDEQEEKEE------——-- EVIRYSARLSEGDIFVIPAGYPISINA 445
Arah1 523 SSELHLLGFGINAENNHRIFLAGDKDNVIDQIEKQAKDLAFPGSGEQVEKLIKNQKESHFEVS 584
SS L LLGFGINA+ N R FLAG KDNVI Q+++ +L FPGS E +E+LIKNQ++S+F +
LapCP 446 SSNLRLLGFGINADENQRNFLAGSKDNVIRQLDRAVNELTFPGSAEDIERLIKNQQQOSYFAN 507
Arah1 585 ARPOSQSOSPSSPE 598
+tPO QO S E
LapCP 508 GQPOOOOOQOSEKE 521
Identity 48%; similarity (identical + chemically similar amino acids) 69%; E=10"38

Fig. 1. Comparative amino acid sequence alignments of the homologous segments of allergen Ara h 1 of A. hypo-
gaea and B-conglutin precursor of L. albus (LaBCP). The two cupin domains are at positions 183-309 and 398-548
of Arah 1, and 126-249 and 332-494 of LaBCP. The symbol ‘+” indicates a conservative amino acid replacement.

nochemical methods. They found that two lupine pro-
teins of 38 and 15 kDa were recognized by anti-peanut
IgE antibodies present in the patient’s serum. It is well
known that cross-allergy between organisms of different
species is due to structurally homologous proteins, which
are recognized by the same IgE antibody. The analysis of
homologies between proteins by means of computer-as-
sisted amino acid sequence comparison is a long-estab-
lished technique, which already produced significant re-
sults in several immunity-related disorders [4, 5]. We
used this technique to detect homologies between known
peanut allergens and lupine proteins, so as to at least nar-
row the spectrum of the possible proteins responsible for
the cross-allergy reported by Faste et al. [1].
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Materials and Methods

We probed the database of the Allergen Nomenclature Sub-
Committee of the International Union of Immunological Societies
(http://www.allergen.org) for known allergens of peanut (4rachis
hypogaea). In a search performed on February 2, 2005, we then
extracted the amino acid sequences of the 8 peanut allergens (Ara
h 1-8) and of the 87 sequenced proteins of white lupine (Lupinus
albus) from the Entrez Protein database of the National Center for
Biotechnology Information (NCBI). Next, we compared each pea-
nut allergen with all lupine proteins, using NCBI BLAST (Basic
Local Alignment Search Tool) software [6], which was set to search
also in the CDD (Conserved Domain Database) [7]. BLAST per-
forms a residue-by-residue comparison between two proteins, giv-
ing each couple of residues a homology score. This score is used to
calculate the E parameter, which describes the number of hits that
can be ‘expected’ to be found by chance when searching a database
of a particular size. Although the E value is significant when <1, we
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Arah3 27

GGYIETWNPNNQEFECAGVALSRLVLRRNALRRPEFY-SNAPQEIFIQQGRGYFGLIFPGCPR 87

G + E N + + ++L+ + + AL PYSA + + +G G + L+
LaBCP 346 GNFYEITPDRNPQVQDLNISLTYIKINEGALLLPHYNSKATIYVVVVDEGEGNYELV--=--- 401
Arah3 88 HYEEPHTQGRRSQSQRPPRRLQGEDQSQQQRDSHQKVHRFDEGDLIAVPTGVAFWLYNDHDT 149
GROQ + Q ++Q +++ + + R EGD+ +P G + +
LapCP 402 —------- GIRDQQR--—----— QQDEQEEKEEEVIRYSARLSEGDIFVIPAGYPISINASSNL 449
Arah3 150 DVVAVSLTDTNNNDN---—--—---=---— QLDQFPRRFNLAGNTE--QEFLRYQQQSRQSRRRSL 198
++ + N N QLD+ G+ E + ++ 0Q0QS
LapCP 450 RLLGFGINADENQRNFLAGSKDNVIRQLDRAVNELTFPGSAEDIERLIKNQQQOS—-—-=-=- 503
Arah3 199 PYSPYSPQSQPRQEEREFSPR-GQHSRR 295
Y QP+Q++++ S + G+ RR
LapCP 504 —---YFANGQPQOQQQQOSEKEGRRGRR 527

Identity 20%; similarity (identical + chemically similar amino acids) 38%; E =2 X 107

Fig. 2. Comparative amino acid sequence alignments of the homologous segments of allergen Ara h 3 of 4. hypo-
gaea and B-conglutin precursor of L. albus (LaBCP). The two cupin domains are at positions 14-181 and 340-484
of Ara h 3, and 126-249 and 332-494 of LaBCP. The symbol ‘+’ indicates a conservative amino acid replace-

ment.
Arah8 1 MGVETFEDEITSTVPPAKLYNA-MKDADSITPKII-DDVKSVEIVEGNGGPGTIKKLTIVE 59
Betvl 1 MGVENYEDEATSVIAPARLFKSFVLDADNLIPKVAPENVSSAENIEGNGGPGTIKKITFPE 61
LaPR-10 1 MGIFTFEDESTSTVAPARLYKALVKDADTIIPK-AVEAIQSVETVEGNGGPGTIKKLTLIE 60
Arah8 60 DGETKFILHKVESIDEANYAYNYSVVGGVALPPTAEKITFETKLVEGPNGGSIGKLTLKYH 120
Betv1 62 GSHFKYMKHRVDEIDHANFKYCYSIIEGGPLGDTLEKISYEIKIVAAPGGGSILKITSKYH 122
LaPR-10 61 GGETKYVLHKIEEIDEANLGYNYSIVGGVGLPDTVEKITFETKLVEGVNGGSIGKVTIKIE 121
Arah8 121 TKGDAKPDEEELKKGKAKGEGLFRAIEGYVLANPTQY 157
Betv1 123 TKGDISLNEEEIKAGKEKGAGLFKAVENYLVAHPNAYN 160
LaPR-10 122 TKGDAKPNEEEGKAAKVRGDAFFKAIENYLSAHPE-YN 158
Ara h 8 versus Bet v 1: Identity 52%; similarity (identical + chemically similar amino acids)
71%;E=3x10"*
Ara h 8 versus PR-10 of Lupinus albus: Identity 57%; similarity (identical + chemically
similar amino acids) 71%; E=5x 10™%
Bet v 1 versus PR-10 of Lupinus albus: Identity 69%; similarity (identical + chemically
similar amino acids) 83%,E =7 x 107

Fig. 3. Comparative amino acid sequence alignments of allergen Ara h 8 of A. hypogaea, major birch allergen Bet
v 1 of B. pendula and pathogenesis-related protein 10 of L. albus (LaPR10). Amino acids of Bet v 1 critical for
IgE binding [see ref. 13-15] are highlighted by bold-face letters.

elected to be more stringent. Accordingly, we considered matches
that were highly significant, upon setting the E level at <0.001. Next,
we evaluated if the selected proteins could be considered as aller-
gens according to the FAO/WHO guidelines [8], that is an identity
greater than 35% on a segment of 80 residues or six consecutive
residues conserved in both the known and the potential allergen
[8]. Finally, we used the software SWISS-MODEL [9] to obtain a
three-dimensional model of the homologous proteins and the Ras-
Mol program (version 2.6, which is freely available at http://www.
umass.edu/microbio/rasmol/getras.htm) to spatially visualize the
homologous molecules.

Potentially Cross-Reactive Peanut-Lupine
Proteins

Results

Only Ara h 1 (vicilin), Ara h 3 (glycinin) and Ara h 8
(pathogenesis-related protein 10 or PR-10) showed sig-
nificant homologies with lupine proteins; these last pro-
teins have not been reported as allergens thus far. Ara
h 1 (fig. 1) and Ara h 3 (fig. 2) are homologous to the 3-
conglutin precursor of L. albus (LaBCP), and the homol-
ogy concerning Ara h 1 exceeded the aforementioned
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Fig. 4. Molecular surface homology between allergen Ara h 8 of A. hypogaea (left) and pathogenesis-related pro-
tein 10 of L. albus (right) from two opposite views. White, light gray and dark gray indicate identical, chemi-
cally similar or chemically dissimilar (nonhomologous) amino acids, respectively.

FAO/WHO criteria [6] (fig. 1). We were unable to obtain
complete and reliable three-dimensional models of Ara
h 1, Ara h 3 and LaBCP using the SWISS-MODEL pro-
gram [9]. However, all three proteins contain two cupin
domains: aa 183-309 and 398-548 of Arah 1, aa 14-181
and 340-484 of Ara h 3, aa 126-249 and 332-494 of
LaBCP. The term ‘cupin’ derives from the Latin word
cupa (small barrel), because of the (-barrel secondary
structure. Cupin domains are typical of a family of plant
seed storage proteins. Noteworthy, several members of
the 7 S vicilin-like or the 11 S legumin-like seed storage
globulin families contain cupin domains and are allergens
[10]. Ara h 8 is 69% identical and 83% similar to PR-10
of L. albus (LaPR10), with an E value of 7 x 10~ (fig. 3);
the homolog segment identified by BLAST spanned al-
most the entire length (>98%) of both proteins. These
results were well beyond FAO/WHO requirements [6].
Also, Arah 8 and LaPR10 have a long segment (aa 2-153
and 2-154, respectively) which is 100% aligned with Bet
v 1, the major pollen allergen of Betula pendula. Homol-
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ogies between Ara h 8, Bet v 1 and PR10 of L. albus are
shown in figure 3. Three-dimensional structures of Ara
h 8 and LaPR10 were very similar in the prediction
made with SWISS-MODEL [9]. The remarkable molecu-
lar resemblance of their surfaces is shown in figure 4. In-
deed, the spatial similarity between the two proteins was
not unexpected, based on their high degree of amino acid
sequence homology.

Discussion

Based on the FAO/WHO guidelines [6], our results
point to a potential role of the 3-conglutin precursor as
an allergen of L. albus that cross-reacts with Arah 1. We
also found that LaPR 10, which bears homology to Ara
h 8, meets the two FAO/WHO criteria for the identifica-
tion of new allergens [6]. Ara h 8 and LaPR 10 belong to
the PR-10 family of proteins, which all share the amino
acid sequence of Bet v 1. PR10 proteins are synthesized
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in response to pathogenic environmental stimuli. As
PR-10 proteins are highly conserved across different
vegetal species, they frequently cause allergic cross-reac-
tivity [11]. Cross-reactivity between Ara h 8 and Bet
v 1 has been demonstrated experimentally [12], which
agrees nicely with our in silico data, showing a highly
significant sequence homology (fig. 3) between these two
proteins. Three amino acids of Bet v 1 are reported as
critical for IgE binding [13-15]: two are conserved in
LaPR10 and the third is, like in Ara h 8, substituted by
a chemically similar residue (fig. 3). Moreover, the mo-
lecular weight of LaPR10 1s 16,949, close to the 15K of
one of the cross-reactive lupine proteins identified by

Faste et al. [1]. Taken together all data, we hypothesize
that PR-10 and B-conglutin precursor of L. albus are
new allergens that cross-react with Ara h 8 and Ara h 1
of A. hypogaea, respectively. Cross-reactivity with other
proteins of the same family might also exist. Amino acid
sequence comparison and search for conserved domains
can facilitate allergological research. Experimental dem-
onstration of IgE binding to candidate allergens remains
the definitive proof of allergenicity and cross-reactivity.
However, in silico analysis helps predicting potential al-
lergens and/or cross-allergens and narrows down the
number of candidate proteins to be tested for IgE bind-
ing.
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