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Background: No asparagus allergen has been characterized to
date. Lipid transfer proteins (LTPs) have an ubiquitous distri-
bution in plant foods and have been identified as relevant
allergens in some fruits, seeds, and pollens.
Objective: We sought to identify asparagus allergens and to
evaluate the potential involvement of the panallergen LTP
family in asparagus allergy.
Methods: Eighteen patients with asthma, anaphylaxis, and/or
contact urticaria after asparagus ingestion or exposure and
positive skin prick test (SPT) responses and serum-specific IgE
levels to asparagus were selected. Two LTPs were isolated from
crude asparagus extract by using chromatographic methods
and characterized by means of N-terminal amino acid
sequencing. Both isolated proteins were tested by means of
immunodetection, CAP inhibition assays, and SPTs. Addition-
al asparagus allergens were located by using immunodetection
with a pool of sera from patients allergic to asparagus and
with rabbit polyclonal antibodies to sunflower pollen profilin
and anti–complex asparagine-linked glycans antibodies.
Results: The purified LTPs showed an N-terminal amino acid
sequence similar to that of Pru p 3 and a strong reaction to
anti-Pru p 3 antibodies. Each isolated protein reached inhibi-
tion values of up to 60% in CAP inhibition assays against
asparagus extracts and elicited positive SPT responses in 9 of
18 patients with asparagus allergy. Immunodetection assays
allowed us to identify profilin and cross-reacting carbohydrate
determinants as asparagus IgE-binding components.
Conclusion: Asparagus LTPs are relevant allergens. In addi-
tion, profilin and glycoproteins harboring complex asparagine-
linked glycans can also be involved in asparagus allergy. (J
Allergy Clin Immunol 2002;110:790-6.)

Key words: Asparagus allergy, lipid transfer protein, profilin,
cross-reacting carbohydrate determinant, Pru p 3

Asparagus (Asparagus officinalis), onion (Allium
cepa), and garlic (Allium sativum) are the most widely
consumed vegetables belonging to the Liliaceae family.
Several cases of IgE-mediated adverse reactions to
asparagus, most of them related to occupational asthma
or contact urticaria, have been reported.1-5 All of these
studies included a single patient or a very limited number
of patients, usually with associated allergies to other
foods, pollens, or both. Different and exclusive routes of
sensitization (inhalation or ingestion),5 as well as heat
inactivation of some asparagus allergens,1-3 have been
suggested in some cases. Cross-reactivity between
asparagus and other Liliaceae foods, such as onion and
garlic, has been shown by using RAST inhibition
assays.1,5 However, no allergen from these foods has
been isolated or even identified to date. Only a putative
lipid transfer protein (LTP) has recently been located as
an IgE-binding component of onion extract by using
serum from a single patient.6

Plant LTPs constitute a family of 9-kd polypeptides
involved in defense mechanisms against phytopatho-
gens.7 This protein family has an ubiquitous distribution
throughout the plant kingdom, being present in both
foods and pollens. LTPs have been identified as the major
peach (Pru p 3), apple (Mal d 3), and apricot (Pru ar 3)
allergens in the Mediterranean population.8,9 Further-
more, allergenic members of the LTP family are also pre-
sent in other plant foods, such as maize (Zea m 14),10

chestnut (Cas s 8),11 and carrot (Dau c NLTP)12 and in
Artemisia vulgaris (Art v 3), Olea europaea (Ole e 7),
and Parietaria judaica (Par j 1) pollen.11,13,14 Cross-
reactions between Pru p 3 and other allergenic LTPs have
been demonstrated in vitro and in vivo.11,12,15 LTPs are
highly resistant to heat treatment and pepsin diges-
tion.12,16 These properties, together with the cross-reac-
tions described among reactive LTPs, point to them as
potentially severe food panallergens.

We report the involvement of LTPs in asparagus aller-
gy demonstrated by the in vitro and in vivo reactions
exerted by Pru p 3 and its purified homologues from
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asparagus in a group of 18 patients with allergy to this
food. Additionally, evidence indicating that profilin and
complex asparagine-linked glycans are IgE-binding
components of asparagus is also presented.

METHODS

Patients and sera

Patients were selected from a population with allergy to aspara-
gus during a prospective study performed by the Seccion de Aler-
gología of Servicio Navarro de Salud (Pamplona, Spain). The hos-
pital institutional review board approved the study, and informed
consent was obtained from all participants. Clinical and demo-
graphic data of the selected patients are summarized in Table I.
Selection of patients for the present study was based on the follow-
ing criteria: (1) a clinical history of immediate reactions to aspara-
gus; (2) a specific IgE level of greater than 0.35 kU/L to this food
(mean, 4.12 kU/L), as determined by using the Pharmacia CAP Sys-
tem FEIA; and (3) a positive prick-by-prick test response to aspara-
gus. Diagnosis of patients with bronchial asthma or contact der-
matitis and urticaria was confirmed by means of specific bronchial
challenge or epicutaneous testing, respectively (A. Tabar, et al,
unpublished data). A pool of sera from 6 of the selected patients
(patients 1, 6, 7, 8, 9, and 13 in Table I) with specific IgE levels of
greater than 3.5 kU/L (mean, 8.81 kU/L) was used for immunode-
tection and CAP inhibition assays. Five volunteers allergic to mites
(Dermatophagoides pteronyssinus) but not to plant foods or pollens
were included as the control group.

Crude extract and LTP-enriched preparations

Freeze-dried asparagus was ground and extracted with PBS
buffer (0.1 mol/L sodium phosphate [pH 7.0] and 0.15 mol/L NaCl;
1× 1:5 [wt/vol] for 1 hour at 4°C). After centrifugation (10,000 rpm
for 30 minutes at 4°C), the supernatant was dialyzed (cut-off point,
3.5 kd) against H2O and freeze-dried. This crude extract (15 mg of
protein) was fractionated by means of cation-exchange chromatog-

raphy on an Acell Pluss CM Waters SepPak cartridge (Waters Corp).
MOPS buffer (50 mmol/L 3-[N-morpholino]propanesulfonic acid
[pH 7.0]) was used for elution, and the retained material (enriched in
LTPs) was then eluted with 0.75 mol/L NaCl in the same buffer (1
mL/min). Fractions were dialyzed against H2O and freeze-dried.

The protein concentrations in these crude and enriched prepara-
tions were determined by using the method of Bradford.17

Isolation and characterization of asparagus

allergens (LTPs)

The LTP-enriched preparation from the cation-exchange chro-
matography was further separated (2 mg of protein) by means of
reverse-phase HPLC on a Nucleosil 300 C4 column (4.6 × 250 mm;
particle size, 5 µm; Scharlau). Elution was performed with a 2-step
linear gradient of acetonitrile in 0.1% trifluoroacetic acid (0%-60%
in 120 minutes and 60%-85% in 15 minutes, 0.5 mL/minute). Peaks
containing LTPs were identified by using SDS-PAGE and immu-
nodetection with anti-Pru p 3 antibodies (see below). Protein con-
centration was quantified by using the bicinchoninic acid method.18

Natural Pru p 3 was obtained as previously described.19 Recom-
binant profilin from sunflower pollen (rHel a 2)20 was obtained
from Bial-Aristegui.

SDS-PAGE was carried out on Bio-RAD Miniprotein II system
gels (15% polyacrylamide), according to the method of Laemmli.21

N-terminal amino acid sequences were determined by using stan-
dard methods with an Applied Biosystems 477A gas-phase sequencer.

Immunodetection

Samples fractionated by means of SDS-PAGE were electrotrans-
ferred to polyvinylidene difluoride membranes, as previously
reported.22 After washing and blocking, membranes were incubated
with a serum pool from patients with asparagus allergy or with con-
trol sera (1:3 dilutions) and then with alkaline phosphatase–conju-
gated monoclonal anti-human IgE (1:500 dilution, Sigma) and
developed by adding 5-bromo-4-chloro-3-indolylphosphate/nitro
blue tetrazolium solution.

TABLE I. Clinical and demographic data of selected patients allergic to asparagus

Patient no. Age/sex Profession Symptoms Associated pollinosis Asparagus-specific IgE (kU/L)

1 23/M Cannery operator BA Yes 12.70
2 31/F Housewife BA No 9.17
3 35/M Cook CU Yes 1.98
4 55/F Cannery operator BA Yes 0.45
5 45/F Housewife BA No 1.58
6 42/F Cook BA Yes 4.77
7 26/F Grocery worker BA/CU Yes 9.70
8 34/F Cannery operator BA/A No 4.47
9 28/M Grocery worker RC/A Yes 12.00

10 18/M Student A Yes 0.43
11 32/M Carpenter OAS No 1.17
12 21/F Cannery operator CU Yes 1.18
13 9/M Student CU No 9.25
14 19/F Cannery operator CU No 0.41
15 36/F Housewife CU No 1.24
16 68/F Housewife CU No 0.68
17 33/M Cannery operator CD No 1.57
18 23/M Cannery operator CD No 0.52

BA, Bronchial asthma; CU, contact urticaria; A, anaphylaxis; RC, rhinoconjunctivitis; OAS, oral allergy syndrome; CD, contact dermatitis.
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Alternatively, replica-blocked membranes were immunodetected
with rabbit polyclonal antibodies to natural Pru p 3 (1:200 dilu-
tion),19 to sunflower pollen profilin Hel a 2 (1:3000 dilution; kind-
ly provided by Dr A. Martinez, Aristegui, Bilbao, Spain),20 or to
complex asparagine-linked glycans of plant glycoproteins (1:80,000
dilution; kindly provided by Dr MJ Chrispeels, University of Cali-
fornia, San Diego, Calif).23 Membranes were then incubated with
an alkaline phosphatase–conjugated anti-rabbit IgG (1:1000 dilu-
tion, Sigma) and a 5-bromo-4-chloro-3-indolylphosphate/nitro blue
tetrazolium solution.

CAP inhibition assays

The assay was carried out in triplicate samples. The serum pool
(1:3 dilution) was premixed with the same volume of 4 serial 1:10
dilutions of each inhibitor solution in PBS buffer with 1% (wt/vol)
BSA and incubated for 1 hour at room temperature. After incubation,
commercial asparagus Immuno-CAPs were then added, and specific
IgE levels were assessed according to the CAP System procedure.
Crude asparagus extract (25 mg/mL), its nonretained protein prepa-
ration obtained after cation-exchange chromatography (25 mg/mL),
and purified asparagus LTPs (30 µg/mL) were used as inhibitors.

Skin tests

Skin prick tests (SPTs) with the crude extract (2 mg/mL), the
nonretained protein preparation (2 mg/mL), and the purified LTPs
(20 µg/mL) were performed according to standard procedures24 on
the volar side of the forearm by using 0.9% (wt/vol) NaCl with
0.03% (wt/vol) human serum albumin as a diluent. Histamine phos-
phate (10 mg/mL) and NaCl–human serum albumin were used as
positive and negative controls, respectively. Duplicates of each sam-
ple were assayed. A mean wheal area of 7 mm2 or greater (15 min-
utes after puncture) compared with that produced by using the neg-
ative control was considered a positive response.

RESULTS
Separation by means of SDS-PAGE and protein stain-

ing of the asparagus PBS extract showed a complex pat-
tern of bands of approximately 10 to 100 kd (Fig 1, A).

IgE immunodetection with a serum pool from patients
allergic to this food revealed reactive components with
apparent molecular sizes of approximately 15 kd and 45
to 70 kd. Interestingly, the serum pool also strongly
reacted to isolated Pru p 3, the major allergen and LTP
from peach fruit (Fig 1, A). No band equivalent to that of
Pru p 3 was detected in the asparagus PBS extract. How-
ever, when this extract was subjected to cation-exchange
chromatography (Fig 1, B), the fraction retained on the
cartridge included such a band, which was recognized by
both the serum pool (Fig 1, A) and the anti-Pru p 3 anti-
bodies (Fig 2, B). In contrast, the 15-kd IgE-binding
component appeared in the fraction not retained on the
chromatographic cartridge (Fig 1, A). No band was
detected in the asparagus extract when using negative
control sera (not shown).

The retained fraction from the cation-exchange chro-
matography was further separated by means of reverse-
phase HPLC to isolate and characterize putative aspara-
gus LTPs (Fig 2, A). Immunodetection of the resulting
fractions with anti-Pru p 3 antibodies allowed us to iden-
tify 2 peaks of the chromatographic profile that contained
reactive proteins. Both components behaved as a single
band when analyzed by means of SDS-PAGE, showed
molecular sizes similar to that of Pru p 3, and bound IgE
from patients with asparagus allergy (Fig 2, B). Further-
more, both isolated proteins presented N-terminal amino
acid sequences similar to that of Pru p 3 (11/22 identical
residues in the case of LTP-1 and 10/19 identical residues
for LTP-2; Fig 2, C). Joint consideration of the above-
mentioned data clearly allowed the inclusion of both
purified asparagus proteins in the LTP allergen family.

In vitro and in vivo tests were carried out to evaluate
the relevance of the isolated LTPs in asparagus allergy.
CAP inhibition assays (Fig 3) showed a progressive inhi-

FIG 1. A, Protein staining and IgE immunodetection of the crude PBS asparagus extract, its nonretained (NR)
and retained (R) fractions after cation-exchange chromatography, and purified Pru p 3. B, Cation-exchange
chromatography fractionation of the PBS extract from asparagus.

A B
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bition when incubating the serum pool with increasing
amounts of the purified allergens. Similar inhibition pro-
files were obtained with both proteins, reaching maxi-
mum inhibition values of 60%. Inhibition levels of close
to 90% were reached by using the crude PBS extract and
the nonretained fraction from the cation-exchange chro-
matography but with approximately 103 times more pro-
tein than for the purified allergens. Furthermore, SPT
responses to asparagus LTP-1 and LTP-2, as well as to
Pru p 3, were positive in 9 (50%) of 18 allergic patients
tested (Table II). Seven patients reacted with all 3 puri-
fied LTPs, whereas 3 of them had positive responses to
the pairs LTP-1/Pru p 3, LTP-1/LTP-2, and LTP-2/Pru p
3, respectively. The PBS asparagus extract and its nonre-
tained fraction induced skin reactions in 83% of the same
patients. In all cases except 2, the same patient had posi-
tive SPT responses with both protein preparations.

The crude PBS extract was immunodetected with spe-
cific polyclonal antibodies against sunflower profilin
(Hel a 2) and against complex asparagine-linked glycans
(cross-reacting carbohydrate determinants [CCDs]) of
plant glycoproteins (Fig 4) to further identify other puta-
tive allergens. Comparison with the immunoblots
obtained when using the pool of sera from patients aller-
gic to asparagus indicated that the 15-kd IgE-binding
component corresponded to asparagus profilin, and most
of the reactive bands from 45 to 70 kd corresponded to
glycoproteins harboring CCDs.

DISCUSSION

The lack of identification and characterization of the
main allergens from many plant foods has strongly
restrained the standardization of commercial diagnostic
tools based on crude food extracts, thus resulting in low

diagnostic accuracy.25 Moreover, the rationale to explain
the observed clinical cross-reactivity among plant foods
and among plant foods and pollens is mainly supported
by the identification of homologous allergens in the
cross-reacting sources.26,27 Foods belonging to the Lili-
aceae family are a paradigmatic example of such diag-

FIG 2. A, HPLC separation of the retained fraction from the cation-exchange chromatography indicated in
Fig 1, B. Peaks corresponding to LTP-1 and LTP-2 are indicated. B, Protein staining and immunodetection
with anti-Pru p 3 and anti-IgE antibodies of the retained fraction (R) of Fig 1, B, and purified LTP-1 (1), LTP-
2 (2), and Pru p 3 (Pr). C, N-terminal amino acid sequences of asparagus LTP-1 and LTP-2 aligned with that
of Pru p 3. Gaps (–) to obtain the proper sequence alignment are indicated.

A B

FIG 3. CAP inhibition assays of asparagus with crude PBS aspara-
gus extract (C), its nonretained fraction on cation-exchange chro-
matography (N), and purified asparagus allergens LTP-1 and LTP-
2. A serum pool from patients with allergy to this food was
preincubated with 1:10 dilutions of each inhibitor (initial concen-
trations: 25,000 µg/mL for crude extract and nonretained fraction
and 30 µg/mL for the purified LTPs).



794 Díaz-Perales et al J ALLERGY CLIN IMMUNOL

NOVEMBER 2002

Food and drug
reactions and
anaphylax

is

nostic constraints derived from the lack of knowledge of
their main allergenic components. This study was
designed to initiate the characterization of such allergens
in asparagus, focusing particularly on the potential
involvement of the panallergen LTP family on the
adverse IgE-mediated reactions to this food.

Profilin and 40- to 70-kd glycoproteins harboring
asparagine-linked glycans with xylosyl residues, fucosyl
residues, or both (CCDs) were identified as the main
IgE-binding proteins of the crude asparagus PBS extract
(Figs 1 and 4). Both allergen types have been previously
defined as cross-reacting IgE-antigenic determinants par-
tially responsible for the cosensitization among plant
foods and pollens.27-30 Profilin and glycoproteins are the
major IgE-reactive components of the nonretained frac-
tion obtained after subjecting the asparagus PBS extract
to cation-exchange chromatography, which is virtually
depleted of LTPs (Fig 1). The potential relevance of both
profilin and CCDs as asparagus allergens is suggested by
the high in vitro (up to 90% inhibition values in CAP
inhibition assays) and in vivo (83% of positive SPT
responses) responses reached by this nonretained protein
fraction (Fig 3 and Table II).

The strong reaction of Pru p 3 with sera from patients
with asparagus allergy led us to search for its homolo-
gous allergens present in this food. After a 2-step chro-
matographic fractionation of the crude asparagus extract,
2 LTP variants were isolated (Figs 1 and 2). Their recog-
nition by anti-Pru p 3 serum, apparent molecular sizes on
SDS-PAGE, and N-terminal sequences support their
identification as members of the plant LTP family. The
purified proteins were clearly recognized by the serum
pool from allergic patients. The high in vitro reactivity
(reaching up to 60% inhibition of the IgE binding to the
commercial asparagus CAP) and in vivo reactivity
(inducing positive SPT responses in 50% of patients)
showed by both LTPs indicate their relevance as aspara-
gus allergens. In fact, their in vitro IgE-binding capacity,
uncovered by means of immunoblotting and ELISA inhi-
bition assays, was validated by the SPT data. Conse-
quently, the designations of Aspa o 1.01 (for LTP-1) and
Aspa o 1.02 (for LTP-2) have been proposed by the Inter-
national Committee of Allergen Nomenclature.

The allergenic LTPs are not detected in the crude PBS
extract from commercial asparagus, indicating the low
amount present in this extract. However, their low

FIG 4. SDS-PAGE separation of the crude PBS extract from asparagus (CE; 20 µg of protein). Replica gels
were stained with Coomassie Blue (Coom) or electrotransferred to polyvinylidene difluoride membranes
and immunoblotted with a serum pool from patients with asparagus allergy (Anti-IgE), with anti-complex
glycans antibodies (Anti-N-olig), or with anti-r Hel a 2 antibodies (Anti-Pf). Only the appropriate membrane
section is shown for the anti-complex glycans antibodies (horseradish peroxidase [Px] is included as a pos-
itive control) and the anti-r Hel a 2 antibodies (rHel a 2 [Pf] is included as a positive control) immunoblots.
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extractability by PBS buffers (D. Barber, et al, unpub-
lished results) and their location mainly in the external
tissues of plant fruits,31 which are peeled during the man-
ufacturing process, can drastically mask their actual lev-
els in asparagus.

Interestingly, the only putative allergen identified in
other Liliaceae foods seems to be an LTP from onion.6

Furthermore, the skin reactions induced by Pru p 3 in the
group of patients with asparagus allergy suggest a sub-
stantial role of the panallergen LTP family in cross-reac-
tivity between asparagus and other vegetables and fruits.
The resistance of these panallergens to heat treatment16

could account for hypersensitivity in those patients who
present symptoms after eating or manipulating heated
asparagus. This treatment seems to inactivate most of the
other allergenic components of this food.1,3

We thank Dr A. Martinez (Aristegui, Bilbao, Spain) and Dr M. J.
Chrispeels (University of California, San Diego, Calif) for kindly
providing anti-Hel a 2 and anti-complex glycans serum, respective-
ly; Mr J. Varela (CIB, CSIC) for protein sequencing; and Mr J. Gar-
cía-Guijarro (ETSIA, UPM) for technical assistance.
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–, Negative response.
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