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Abstract

The identification of food allergens is a priority in the management of food allergy, because of the need to obtain
standardized extracts and pure allergens for diagnosis and therapy. It is thus important to develop methods for purification of
allergenic molecules in order to study their biological and immunological characteristics. Protocols for protein extraction
from foods and for allergen purification are reviewed in this paper. We report published methods for extraction of allergens
from either animal and vegetable foods and detailed purification methodologies including ion-exchange, gel filtration and
reversed-phase chromatography of well known allergens.  2001 Elsevier Science B.V. All rights reserved.
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1. Introduction in food allergen purification, and this will be summa-
rized in the following paragraphs.

Treatment of food allergy is an area that today still
presents unresolved problems. Firstly, skin prick test
(SPT) and radioallergosorbent assay (RAST) diag- 2. Protein extraction from food sources
nostic efficacy is low, thus it is necessary to base
diagnosis on double-blind placebo-controlled food- Since a lot of different food sources are studied for
challenge [1,2] and treatment involves eliminating their allergenic properties the first requirement for
the culprit food while no specific therapy is em- correct research procedure is to obtain good protein
ployed. This may be partially explained by the fact extracts, that is starting material with a sufficiently
that there is scant knowledge about the majority of high protein concentration and suitably low lipid and
food allergens. Hence, diagnostic material is poorly sugar content so as to allow for protein separation. In
standardized, and an attempt at specific immuno- the case of animal foods good extracts have often
therapy is inconceivable. been achieved with simple incubation of the food in

Thus if food allergy management is to be refined, a buffer solution to extract proteins contained in the
food allergen identification is of utmost priority. raw material, as reported for the extraction of egg
Once the allergens have been identified, the prop- allergens in Langeland study [6]. Hens’ eggwhite
erties and biochemical and immunological activities antigen solution was prepared by stirring crude
of these can be investigated in detail, and there will eggwhite with an equal volume of physiological
be better understanding of sensitization mechanisms. saline for 4 h; after centrifugation, the supernatant

It is important to have the food allergens isolated was stored and used for clinical and immunological
as the protein shows a range of characteristics, which study. The method was substantially confirmed by
may be studied only under the natural form, among the study of Bernhisel-Broadbent et al. [7], in which
which the most relevant is the in vivo IgE binding egg white was extracted by overnight incubation
activity. with PBS followed by centrifugation. A similar

The new techniques of molecular biology once method was assessed [8] for preparation of extracts
again will provide for the availability of a larger from different raw and cooked fish species (catfish,
amount of allergens in order to prepare commercial tuna, salmon, trout, codfish . . . ) which were added
extracts for diagnosis and therapy. In some studies, separately to PBS in sterile centrifuge tubes. After
however, the recombinant allergens did not show the overnight incubation the samples were centrifuged
same allergenic activity as the natural form as was and the supernatants removed and lyophilized. This
for example the case for cherry thaumatin [3] and for protocol was followed even for the preparation of
Bet v 1 which presents 20 isoforms with different allergenic extract from boiled Atlantic shrimp [9],
IgE binding activities [4,5]. while for oysters, crabs and mussels [10] the chosen

The purification is not always an easy task; in protocol included extraction at room temperature in
many cases a very small amount of the protein is water maintained at pH 8 for 4 h, followed by
present in the alimentary source, or the food is full of dialysis and lyophilization of extracted proteins.
different compounds such as fats, oil or phenols A more complex methodology is necessary for the
which make protein extraction difficult. In other isolation of milk allergens, because the separation of
cases the allergen is an enzyme, and it is able to both casein and whey fractions is achieved only by
inactivate its own allergenic activity. acidic precipitation of proteins from skimmed milk.

Nonetheless, a lot of work has already been done In the protocol set up by Bleumink and Young in
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1968 [11] casein was separated from milk by precipi- the development of several methods for protein
tation at pH 4.65, obtained by milk titration with 1 M extraction over the years, starting from the need to
HCl. After sedimentation, the precipitated fraction obtain reliable extracts for food allergy diagnosis and
was dissolved in water at pH 7 by slow addition of 1 in vitro tests. Vieths et al. [14] prepared a specific
M NH OH. This procedure was repeated twice and apple extraction procedure by preparing apple ex-4

the solution subsequently dialyzed against distilled tracts with a low-temperature ‘acetone powder’
water and lyophilized. Whey allergenic proteins (b- method in which pieces of mature fresh apples were
lactoglobulin and a-lactalbumin) were isolated by homogenized in acetone–dry ice at 2608C. The
acidic precipitation and recrystallization repeated resulting precipitates were washed with acetone and
three times [11]. with acetone–diethylether (1:1, v /v,2608C), filtered

In the case of vegetable foods, however, the and lyophilized. Protein extracts were obtained by
procedure may be more complex as the presence of incubating acetone dried powder with phosphate
several non-proteinic compounds often causes prob- buffer, pH 7.4, 150 mM NaCl. This method can give
lems because of their reactivity towards extracted very pure extracts with no contamination problems,
proteins which may inactivate allergens. but it is evident that the procedure is quite complex

The basic method for allergen extraction from and thus cannot be easily followed by laboratories
vegetable food especially studied to reduce the that do not have specific technical equipment and the
amount of phenolic compounds was defined by required expertise.
Bjorksten et al. [12] in 1980. This has become the A further method to enhance the protein content of
most widely used procedure for extracting proteins, fruit allergenic extracts and to lower carbohydrate
especially from fruits, seeing as it was set up for content was developed in 1997 [15], and is based on
studies on apple allergens. The protocol provides for ion-exchange column chromatography. This process,
homogenization of fruit pulp in 10 mM potassium however, caused the loss of basic proteins (pI.8.8)
phosphate buffer, pH 7.0, containing 2% suspended which were eluted together with the sugars in the
solid polyvinylpolypyrrolidone (PVPP), 2 mM ethyl- unretained fraction. The loss was low but the ab-
enediaminetetraacetic acid disodium salt (EDTA), 10 sence of basic proteins in processed food extracts can
mM sodium diethyldithiocarbamate (DIECA) and 3 lead to severe underestimation of reactivity patterns,
mM sodium azide (NaN ). PVPP, EDTA and due to the importance of basic peptides (such as the3

DIECA are added to inhibit reactions between lipid transfer protein family in vegetable food, or
proteins and phenolic compounds [13], while NaN lysozyme in egg white) as major food allergens3

is an antimicrobial agent. The homogenate is then [16–18].
centrifuged at 40 000 g for 30 min and subsequently Because of the relevant role played by cereals in
dialyzed for 20 h at 48C against 10 mM potassium human feeding, and thus even in hypersensitivity
phosphate buffer, pH 7.0, containing 3 mM sodium reactions to foods, the methodology for the ex-
azide. The resulting extract can be stored at 2208C if traction of cereal proteins is of particular importance.
necessary without significant loss of allergenic ac- Cereal seed storage proteins require complex meth-
tivity. ods for extraction and are characterized on the basis

This protocol can be used for protein extraction of their solubility in different solvents: the albumin
from a wide variety of foods, giving good results in and globulin fractions are soluble in neutral solutions
almost all cases in which phenols elimination is [19] and are thus quite easy to extract, as reported by
necessary; the use of fruit pulp however leads to very Sandiford et al. [20] who performed extraction from
low protein content, thus requiring concentration. wheat grains and flour by incubation in 100 mM
The use of fruit peels instead of pulp can eliminate ammonium hydrogencarbonate by overnight shaking.
the need for time-consuming concentration steps and The extracts were then dialysed and freeze-dried.
can also reduce the amount of sugar dissolved in Several variations of this method regard the incuba-
protein preparations, making fruit extracts easier to tion time and the extraction buffer; the outcome of
manage. these extractions is, however, quite similar, thus

The role of apple as an allergenic food has caused allowing researchers to choose better conditions for
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their extract preparation according to the general extractions with fresh hexane, the residue was re-
design of the whole purification process. Other more covered by filtration under reduced pressure and
complex protocols are necessary to obtain glutelins, dried under vacuum overnight. The resulting material
which are soluble in diluted acid solutions [19], and was then used for protein extraction with a suitable
prolamines [21]. Whereas the albumin and globulin buffer.
storage proteins are widely distributed in flowering A very similar protocol is that reported by Pas-
plants, the prolamins are restricted to the grasses torello et al. [27], in which Brazil nut pulp, ground in
family, which includes the major cereals. In these a mixer, was defatted by several incubations in
plants prolamins usually account for approximately acetone followed by paper filtration and dried over-
half of the total grain nitrogen, and are characterized night to obtain lipid-free powder for extraction
by two features: their extraction and solubility in procedures.
alcohol–water mixtures, and their high content of A defatting step was necessary for peanut ex-
proline and low levels of charged acidic and basic traction too, as reported in the studies by Burks and
amino acids [22]. These molecules are known to be co-workers [28,29] about major peanut allergen
the responsible agent for coeliac disease; moreover identification: defatting was performed by incubation
they have been recently identified as the allergens of the roasted nuts with hexane, and the defatted
involved in exercise-induced anaphylaxis after wheat powder was then used for protein extraction in 20
ingestion [23]. mM sodium phosphate buffer, pH 7, with 1 M NaCl

To obtain a protein preparation completely free of and 8 M urea.
sugars, lipids and phenolic compounds, which often
bind to allergenic proteins and cause problems for
purification procedures, the best choice is probably
the precipitation of proteinaceous fraction from the 3. Electrophoretic techniques
whole food extract by organic solvents or by a high
salt concentration. This method has been successful- The basic step required for purification is the
ly followed by Desormeaux et al. [24] for the identification of allergens in a defined allergenic
extraction of a wheat phospholipid transfer protein source. Several techniques have been developed to
from both seeds and flour. Salting-out precipitation is monitor the allergenicity of both allergen source and
preferable to the organic solvent method because its individual allergens, all of which rely on detecting
conditions cause less denaturing and its procedures the binding of allergen specific IgE to the material
are easier to handle, allowing for higher recovery of under investigation. Before the discovery of IgE, the
proteins even though a consistent loss of material is only methods available were biological, such as in
typical of this kind of extraction [14]. vivo skin test reaction; in the following years

The presence of lipids in food, especially in seeds different in vitro techniques were developed. How-
and nuts, is never desirable because of the problems ever it is still considered necessary to confirm
it causes when the extracts are submitted to electro- allergenic activity in at least one biological assay.
phoretic separations and to liquid chromatography, As for in vitro techniques, the first method used to
where they threaten both resolution between different test extract allergenicity was the RAST, still widely
proteins and column working capacity itself. Some used for diagnostic purposes. For research studies
methods were thus defined to remove lipids from another method was later developed by combining
foods without damaging their allergenic properties, electrophoretic separation of allergens in the first
so as to obtain lipid-free raw material to be used for dimension of gel with electrophoresis into antibody
extraction of proteins according to known protocols. in second dimension; antigens precipitated with
The first protocols for defatting procedure were antiserum and were detected either by staining the
reported by Sun et al. [25] for Brazil nut kernels and plate (CIE) or by incubating it with allergenic serum
by Yunginger and Jones for peanuts in 1987 [26] and and then by revealing allergen-bound IgE with
required nuts to be ground into a fine paste and radiolabelled anti-IgE and autoradiography (CRIE)
defatted by extraction with hexane. After three [30,6]. This technique was employed for the identifi-
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cation of crustacean allergens [31] from shrimp Two-dimensional PAGE with immobilized pH gra-
extract; eighteen precipitating antigens with anodic dients (IPG–DALT) [34] has a unique capacity for
mobility were detected and were identified by CRIE the resolution of complex mixtures of proteins e.g.
analysis using sera from six subjects with elevated foods. Posch et al. [35] optimized IPG–DALT for
RAST values to shrimp extract. This assay identified the micropreparative isolation of high sample loads
seven molecules that bound patients’ IgE antibodies of wheat seed proteins to identify wheat grain
and were subsequently studied in comparison with allergens.
other crustacean extracts to establish cross-reactivity
between food antigens [32].

4. Chromatographic techniques
3.1. Monodimensional and bidimensional gel
electrophoresis 4.1. Ion-exchange chromatography

At present the most widely-used technique to The technique of ion-exchange chromatography is
identify allergen molecules in raw extracts is mono- based on the interaction between charged solute
and bidimensional electrophoretic separation in poly- molecules and oppositely charged moieties cova-
acrylamide gel followed by immunoblotting with lently linked to a chromatography matrix. Today,
allergenic serum; the IgE bound to individual al- ion-exchange is the most frequently used chromato-
lergens is then detected using an enzyme or radio- graphic technique for the separation and purification
labelled anti-IgE reagent and the reactivity detected of proteins, polypeptides, nucleic acids, polynu-
after appropriate treatment. cleotides and other charged biomolecules [36]. The

This method has been used for almost all studied differences in charge properties of biological com-
allergenic proteins, and a lot of publications regard pounds are often considerable, and since ion-ex-
allergen identification and their definition as major or change chromatography is capable of separating
minor allergens on the basis of IgE reactivity of species with very minor differences in properties it is
more or less than 50% of patients towards the a very powerful separation technique [37]. In princi-
specific molecule. ple, one could use either an anion- or a cation-

In some cases the allergenic proteins are well exchanger to bind amphoteric samples by selecting
separated using SDS–PAGE, especially when al- the appropriate pH value. In practice however, the
lergens are the most relevant component of the choice is based on which exchanger type and pH
studied extract; they can thus be directly eluted from give the best separation of the molecules of interest,
the gel, so obtaining the purified molecules of within the constraints of their pH stability.
interest with a one-step procedure. Simple prepara- The first protein to be purified in the history of
tive SDS–PAGE followed by electro-elution was allergen isolation was the major allergen of codfish,
used by Vieths et al. for the purification protocol for named Gad c 1, which was isolated by ion-exchange
Mal d 1 [33], in parallel to the chromatographic chromatography, gel filtration and isoelectrofocusing
method set up by Fahlbusch et al. [73]. The purity of [38,39] and identified as a parvalbumin, a calcium
the preparation was confirmed by sequencing and binding protein typical of fish and amphibians mus-
high biological activity was maintained although cle tissues.
denaturing and reducing conditions were applied. Once the procedure was set up, a large number of
The described method is one of the simplest pro- applications soon followed and opened the field of
cedures to purify an allergen, although it is only allergen purification. In principle, the acidic proteins
suitable when small amounts of protein are required. can be isolated by interaction with anion exchangers,

The alternative in this field is two-dimensional while basic proteins are purified with cation ex-
electrophoretic separation, which combines separa- changers because of their positive charge. On this
tion based on molecular mass with that based on basis, a suitable chromatography can be set up for
isoelectric points of the different molecular species. each known allergenic molecule.
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4.1.1. Anion-exchange chromatography among which the four proteins ovomucoid, oval-
The first and most important allergens to be bumin, ovotransferrin and lysozyme have been

purified by the anion-exchange technique were the claimed to be the main allergens [46,47,6,48], re-
peanut allergens, whose ‘celebrity’ is due to the fact spectively named Gal d 1, Gal d 2, Gal d 3 and Gal d
that peanuts are among the most common causes of 4. As the commercial preparations have been demon-
immediate hypersensitivity reactions to foods. The strated to contain large amounts of cross-contaminat-
identification and purification of the major peanut ing proteins, a protocol for their purification was
allergen Ara h 1 dates to 1991 with the study of established by Ebbehoj et al. [49] in order to obtain
Burks et al. [28], who were the first to develop an pure allergens for further immunological studies.
effective methodology for protein isolation, whereas Commercial preparations of the proteins ovomucoid,
the previous studies [40–43] reported only immuno- ovotransferrin and ovalbumin were subjected to a
logical analysis and revealed a lot of allergenic two-step purification. Anion-exchange chromatog-
components whose nature had not yet been assessed. raphy was done on a Q-Sepharose FF column
The purification of the allergen was achieved by (Pharmacia) equilibrated with 20 mM tri-
anion-exchange chromatography performed with a ethanolamine, pH 7.3, and eluted by a salt gradient
Mono Q column (Pharmacia, Uppsala, Sweden). The from 0 to 1 M NaCl. Beside the expected peaks for
raw peanut extract was dialyzed against 20 mM each one of the analyzed proteins, a few additional
Tris-bis-propane (pH 7.2) and 8 M urea, and then peaks were found in all the preparations. In all the
loaded onto the Mono Q column; a stepwise salt cases the gel filtration contributed to the purification
gradient of 0 to 1.5 M NaCl was applied and of the proteins, in addition to serving as desalting
fractions collected and lyophilized. Dot blotting and steps. A very similar protocol for these proteins was
SDS–PAGE/ immunoblotting analysis led to the assessed by Bernhisel et al. [7] and consisted in a
identification of fraction 3 as a 63 500 protein with one-step purification by anion-exchange chromatog-
pI 4.55 and positive PAS staining, defined as a major raphy on DEAE Sephacel column with a 0–0.2 M
peanut allergen and named Ara h 1. Further studies NaCl gradient with 10 mM phosphate buffer, pH 6.8.
identified Ara h 1 as a seed storage protein belonging Even the major allergen of rice Ory s 1 was
to the vicilin family. Biochemical and structural purified with anion-exchange chomatography [50]
analysis of epitopes was later carried out and led to from ammonium sulfate precipitated extract applied
the determination of the peptides and amino acids on a DEAE cellulose column, equilibrated with 20
essential to IgE binding [44]. mM Tris–HCl buffer, pH 8.6, and eluted with salt

A subsequent study by the same authors [29] led gradient 0–0.1 M NaCl. The IgE reactive fractions
to the identification and purification of a second were collected and then fractionated on a Sephadex
major allergen of peanut by a procedure very similar G-50 column to obtain a single band fraction in
to that used for Ara h 1. The method was based on SDS–PAGE analysis. The allergenic protein was
anion-exchange chromatography of the raw extract in then cloned [51], and the deduced sequence showed
20 mM Tris-bis-propane (pH 7.2) without urea on a considerable similarity to wheat and barley a-amy-
PL-SAX column (Polymer Laboratories, Amherst, lase / trypsin inhibitors.
MA, USA) developed with a stepwise salt gradient Another allergen studied with this powerful tech-
from 0 to 1.5 M NaCl. The fraction 4 contained the nique was the major allergen of kiwi fruit identified
protein of interest which has two closely migrating [52] and purified by Pastorello et al. in 1997 [53].
components whose mean molecular mass was 17 000 The protein of interest was separated from the crude
and mean pI was 5.2; the allergen was named Ara h extract with an anion-exchange chromatography on a
2 and its epitope specificity was later studied by ResourceQ (Pharmacia Biotech) column equilibrated
Burks et al. [45]. in 20 mM Tris–HCl, pH 7.5, and eluted with salt

Another important family of proteins with high gradient from 0 to 0.5 M NaCl. The fourth fraction
allergenic activity studied with ion-exchange chro- obtained from the chromatography contained the
matography was that of egg-white proteins. Egg- purified major allergen with molecular mass of
white is a complex mixture of more than 20 proteins, 30 000; isoelectrofocusing and amino-acid sequenc-
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ing led to the identification of the protein as ac- allergen of eggwhite Gal d 4, currently called
tinidin, a proteolytic enzyme belonging to the class lysozyme, from the study of Ebbehoj et al. [49].
of thiol-proteases. The allergen was named Act c 1 Lysozyme was purified by cation-exchange chroma-
and its important role in hypersensitivity to kiwi fruit tography on a MonoS HR 5/5 (Pharmacia) column
was confirmed also by Fahlbusch et al. [54], who with 20 mM Bicine–HCl buffer, pH 7.8, as eluent.
purified the allergen according to the reported meth- Desorption was carried out by a salt gradient from 0
od [53]. to 1 M NaCl in the same buffer and lysozyme was

eluted at 0.16 M NaCl. Pooled fractions from several
4.1.2. Cation-exchange chromatography runs were freeze-dried, dissolved in 50 mM

Cation-exchange chromatography is the other side NH HCO , pH 7.8, and purified by gel filtration in4 3

of ion-exchange technique, and uses negatively the same buffer on a Sephacryl S-200 HR column
charged groups linked to the column matrix; they are (Pharmacia) to obtain pure allergen.
typically sulphonic residues which belong to strong Another important molecule purified by cation-
exchangers and bind molecules with positive net exchange chromatography was the major allergen of
charge. shrimp Pen a 1, which was isolated from boiled

A large family of allergens, the lipid transfer shrimp extract with a complex procedure [57] includ-
protein group, was isolated from different foods ing ammonium sulfate precipitation, chromatography
[16–18] using this powerful technique and sub- on DEAE–Sephacel column with Tris–HCl buffer,
sequently indicated as a new class of panallergens pH 8, and two additional passages on BioGel P-200
[55] within vegetables. and Sepharose 4B to reach complete purification.

The first allergen to be identified as such a The IgE binding molecule of interest was then
molecule and then purified was the major allergen of identified as tropomyosin on the basis of sequential
peach, Pru p 3 [16]. The protein was isolated from homology with the protein of Drosophila melano-
the peach extract by cation-exchange chromatog- gaster and of electrophoretic behaviour in the pres-
raphy on a ResourceS (Pharmacia Biotech) column, ence of 6 M urea [58,59]. A protein later studied for
equilibrated with 50 mM sodium acetate buffer, pH its allergenic properties in brown shrimp, Metapen-
5, and developed with salt gradient from 0 to 1 M aeus ensis, was also identified as tropomyosin and
NaCl. The peak eluted with the gradient contained cloned for further characterization [60].
the 9000 allergen together with other contaminants
and was thus passed on a gel filtration Superdex75 4.2. Gel-filtration chromatography
column to achieve final purification. Isoelectric point
(pI.9) and amino terminal sequence of the pure Gel-filtration chromatography, also called size-ex-
protein proved its high homology with the lipid clusion chromatography, is one of the most widely
transfer protein of almond. This opened a wide field known and used separation techniques for the analy-
of study because of the cross-reactivity between sis of protein mixtures. It is based on the possibility
different vegetable foods, which to further inves- of parting molecules in solution on the basis of their
tigation proved to be due to common low molecular size as they pass through a column packed with a gel
mass allergens of the LTP family [56]. [61].

In addition to the the allergen of peach, other The volume of the sample influences the size of
LTPs identified as major allergen in apricot (Pru ar column which is needed, while viscosity places an
3) [17] and minor allergen in apple (Mal d 3) [18] upper limit on the sample concentration which is
were also purified by cation-exchange chromatog- permissible. Ionic strength, pH and composition are
raphy. not significant as long as they do not affect the sizes

As regards the study of eggwhite allergens, we or stability of the molecules to be separated and are
reviewed the purification schemes for ovomucoid, not outside the stability range of the gel-filtration
ovotransferrin and ovalbumin with anion-exchange medium [62]. These features make gel filtration the
chromatography in the previous paragraph. Here we technique of choice for the separation of well
report the methodology for the isolation of the fourth distinguished molecular mass proteins in a solution
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with few different molecules, and this is the reason In summary, the advantages of gel-filtration tech-
for the wide use of size-exclusion chromatography nique are that the behaviour of a known protein can
for the last purification step of allergens, which have be generally anticipated on the basis of its molecular
been previously isolated from whole food extracts by mass and structure, the technique can be adapted to
other chromatograpic techniques [16–18]. almost any different purification protocol because of

However, in case of high amount of proteins in a the possibility to use any needed ionic strength, pH
given food source, as happens for seed storage and composition for the elution buffer and the
proteins, it was possible to set up a one-step purifica- method is very useful for the removal of small
tion like that reported [25,27] for the isolation of the quantities of contaminants in the last step of purifica-
major allergen from Brazil nut, Ber e 1, which was tion procedures.
purified by a size-exclusion chromatography on a
Superdex75 column (Pharmacia) with high salt con- 4.3. Reversed-phase chromatography
centration in sodium phosphate buffer, pH 7.5,
giving a single-protein fraction, corresponding to the In reversed-phase chromatography the binding of
2S albumin of the seed storage proteins of the nut. mobile phase solute to an immobilised n-alkyl

Similar purification protocols were established hydrocarbon or aromatic ligand occurs via hydro-
even for the isolation of the major allergens of phobic interaction [71]. Molecules that possess some
yellow mustard Sin a 1 [63], purified with a single degree of hydrophobic character, such as proteins,
gel filtration on Sephadex G-75 with 0.15 M am- peptides and nucleic acids, can be separated by
monium bicarbonate, pH 8, and of oriental mustard reversed-phase chromatography with excellent re-
seeds Bra j 1 [64], whose fraction from gel filtration covery and resolution. In addition, the use of ion-
displayed the presence of several isoallergenic forms pairing modifiers, such as trifluoroacetic acid, in the
in an analysis following cationic-exchange chroma- mobile phase allows reversed-phase chromatography
tography. even of charged solutes such as hydrophilic peptides.

Other important allergens isolated by gel filtration Preparative reversed-phase chromatography has
were those of wheat and of cow’s milk. The major found applications ranging from micropurification of
allergen of wheat was purified from ammonium protein fragments for sequencing to process scale
sulfate precipitated extract loaded onto a AcA 44 purification of recombinant protein products [72].
size-exclusion column, equilibrated and eluted with Initially, experimental conditions are designed to
PBS, pH 7.3. The purified 15 000 component was favour adsorption of the solute from the mobile
then N-terminal sequenced and identified as corre- phase to the stationary phase. Bound solute mole-
sponding to the published sequence of a-amylase cules will then sequentially desorb and elute from the
inhibitor [65,66]. To this family belong the major column, according to their individual hydropho-
allergens of rice [50] and of barley [67], whose bicities, by decreasing the polarity of the mobile
isolation protocols are reported in other sections of phase; this is usually achieved by increasing the
this review [68,69]. Casein was identified as the percentage of organic modifier (usually acetonitrile)
major allergen of cow’s milk [69] and its isolation in the mobile phase itself.
was carried out by size-exclusion chromatography on In the development of a purification scheme,
a Sephacryl S-300 column, eluted with phosphate consisting of various steps with increasing specificity
buffer, pH 8.4, which caused the isolation of high- for the desired biomolecule and decreasing capacity,
molecular-mass aggregates then disrupted by treat- the reversed-phase chromatography is not a suitable
ment with 5% 2-mercaptoethanol and 3 M urea to method for the first step of separations from raw
obtain monomeric form [70]. extracts because of the presence of lipids and other

The other typical use of gel-filtration chromatog- highly hydrophobic contaminants which bind strong-
raphy is the final polishing of semipurified fractions ly and can be difficult to remove from the column.
from other separation techniques, as reported in The method is thus usually employed as a second
purification protocols for eggs white allergens [49] step following the first capture stage, as reported in
and for LTPs [16–18] that we reviewed in the the study by Fahlbusch et al. [73] for Mal d 1
paragraphs about ion-exchange chromatography. purification and by Sanchez-Monge et al. [74] for
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isolation of wheat flour peroxidase. To be employed Among the major IgE-binding proteins identified
as the first isolation stage, reversed-phase chroma- in wheat flour, an uncharacterized protein band of
tography requires an extensive processing of the raw approximately 35 000 has been frequently reported
extract in order to lower lipid and contaminant [76]; to characterize this allergen, a purification
content; this approach has been used in studies by protocol was defined by Sanchez-Monge et al. in
Inschlag et al. [3] to purify Pru a 2 allergen from 1997 [74]. It involved a first passage of the wheat
lyophilized cherry extract and by Sanchez-Monge et flour salt extract on Sephadex G-100 to fractionate it
al. [55] to isolate LTP from lyophilized defatted fruit by gel filtration, using 0.1 M ammonium acetate, pH
extracts. In the intermediate stages of purifications, 6.8, as elution buffer. Fractions showing the highest
however, where the critical requirements are re- level of allergen by immunodetection were subjected
covery and resolution, reversed-phase chromatog- to reversed-phase chromatography on a preparative
raphy is a suitable technique because of the high Vydac-C4 column, eluting with a three-step linear
resolution that can be achieved while removing gradient of acetonitrile in 0.1% TFA: 10–20% in 30
undesired contaminants. Polishing is the final step in min, 20–50% in 160 min, 50–85% in 60 min. The
the preparation of a pure product, and at this stage peak corresponding to the allergen was then iden-
typical contaminants may include conformational tified as a glycosylated protein of 36 600 with
and structural variants of the target molecule. Polish- amino-acid sequence corresponding to a seed specific
ing can be performed using size exclusion, as already peroxidase.
reported in this review, especially when dimers and Other wheat allergens recently isolated by re-
aggregates must be removed. However, when dealing versed-phase chromatography belong to the gliadin
with slight structural variants and micro- family [23] and were extracted from seeds with
heterogeneities, reversed-phase chromatography with acetonitrile and TFA incubation. Acetonitrile-soluble
its excellent resolving power is the method of choice. wheat proteins were purified on a Resource RPC
It has been, therefore, extensively employed for (Pharmacia) column with a linear gradient of ace-
allergen purification. Here we report the methodolo- tonitrile in 0.1% TFA giving the purification of the
gies used for the isolation of some allergens from 65 000 g-like gliadin. Reversed phase chromatog-
fruits and wheat flour, as they correspond to the aim raphy on ProRPC HR 5/10 of a previously gel
of this review about food allergens. The first pro- filtrated water soluble fraction gave instead a purified
cedure including reversed-phase chromatography 40 000 protein whose sequence proved to be identi-
was reported in the study of Fahlbusch et al. in 1995 cal to a-gliadin.
[73], who isolated the major allergen of apple, later To the characterized allergens of cereal family
named Mal d 1. The purification protocol included a belongs even the major allergen of barley, Hor v 1,
first capture step performed with anion-exchange which was purified by reversed-phase chromatog-
chromatography of the lyophilized apple extract on a raphy on a Vydac C4 column of the 50% ammonium
ResourceQ column in 20 mM Tris–HCl buffer, pH saturated extract eluted with a linear gradient of
8. The fraction of interest among those eluted with acetonitrile in 0.1% TFA [68]. The purified IgE
salt gradient was then processed to be loaded onto a binding 15 000 protein was then sequenced and
RP-C4 column (Vydac, 214TP54) equilibrated in identified as a member of the a-amylase / trypsin
water with 0.1% TFA. The proteins were eluted with inhibitor. Its monomeric glycosylated form was a
a linear gradient of 0–50% acetonitrile in 0.1% TFA second time isolated with a two-step procedure
for 30 min and then with 50–80% acetonitrile for 5 including crude extract fractionation on Sephadex
min. Eluted proteins were then analyzed by SDS– G-100 and subsequent preparative reversed-phase
PAGE and immunoblotting, to confirm the al- HPLC on an Ultrapore 300-5 C3 column [69].
lergenicity of the purified 18 000 component. Further Another important molecule isolated using re-
studies showed high homology of this protein with versed-phase chromatography was a major allergen
the major allergen of birch pollen, Bet v 1, thus of cherry, named Pru a 2 [3] and identified on the
giving a confirmation on molecular basis to the basis of N-terminal sequence and corresponding
clinical cross-reactivity between birch pollen and cDNA nucleotide sequence as a thaumatin-like pro-
apple [75]. tein belonging to the group 5 of pathogenesis-related
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proteins [77]. Cherry protein extract was purified by precipitation and after an ion-exchange step where
reversed-phase HPLC employing a linear gradient of the sample is eluted with a rather high ionic strength.
2-propanol in 60 min at room temperature on a C From this short paragraph it is easy to see the8

Hypersyl WP300 column. Mobile phase A was 0.1% effectiveness of this chromatographic technique in
TFA in water, and gradient was developed from 0 to protein separation; unfortunately, to our knowledge
80% mobile phase B, containing 90% 2-propanol up to now no protocols for allergen isolation include
and 0.1% TFA. The purified cherry protein fraction HIC, so that only general indications can be given on
with apparent molecular mass of 30 000 eluted in this subject.
two distinct peaks from the Hypersyl column. The
two fractions were tested in IgE immunoblots, but 4.5. Affinity chromatography
only one of them showed IgE reactivity with sera
from cherry-allergic patients. Both fractions were Affinity chromatography can be considered the
then subjected to amino-acid sequencing, and the ideal type of chromatographic technique because of
analyzed 22 N-terminal amino-acid residues revealed its absolute specificity for the protein to be isolated
100% identity to the mature thaumatin-like protein as the matrix is coupled with a chemical compound
from cherry. The mass analysis carried out on both closely interacting with the peptide of interest on the
samples gave a value of 23 350, according to the basis of biochemical affinity. Ligands can thus be
calculated value of 23 330 for the thaumatin-like substrates or their analogues, activators or reversible
protein in cherry. These results led to the conclusion inhibitors of the enzymatic activity of the proteins,
that one of the purified fractions contained an IgE allosteric effectors, molecules with chemical affinity
non-reactive form of the molecule, probably due to due to hydrophobic interactions with protein surface
structural characteristics, such as incorrect three-di- or whole receptor proteins which in vivo closely
mensional folding. interact with target molecules. Affinity chromatog-

Peach and apple LTPs were also purified by raphy requires detailed knowledge of structure and
reversed-phase chromatography, besides the cation- specific characteristics of the molecule to be purified,
exchange chromatography method assessed by Pas- in order to carefully set up the separation conditions
torello and co-workers [16–18], as reported by which ensure the highest yield of purified product. It
Sanchez-Monge et al. [55] in which defatted fruit is thus a powerful technique, but not easy to use until
extracts were fractionated on a preparative Vydac-C4 the allergenic molecule of interest is fully identified
column. and studied, unless an isolation protocol set up for

different purposes can be exploited for allergen
separation.

4.4. Hydrophobic interaction chromatography The most famous allergen purified by affinity
chromatography is surely profilin, a panallergen

Hydrophobic interaction chromatography (HIC) is isolated from several different sources by chromatog-
an alternative way of exploiting the hydrophobic raphy on poly(L-proline) column. Identification of
properties of proteins, working in a more polar and profilin as a novel pollen allergen was made in 1991
less denaturing environment compared with RPC. by Valenta et al. [81] by cloning and sequencing
The polarity of the complete system of HIC is cDNAs encoding IgE-binding birch pollen proteins
increased by adding salt to the mobile phase, which distinct from Bet v 1. One of these allergens was
promotes ligand–protein interactions [78–80]. Most identified as birch profilin by sequence homology
of the bound proteins are then effectively desorbed and affinity to poly-L-proline. This characteristic was
by simply washing the HIC adsorbent with water or exploited for profilin purification since 1988 [82]
dilute buffer solutions at near neutral pH. Used in the with setting up of chromatography on poly-L-proline
first step of a purification protocol HIC can serve as linked to activated Sepharose 4B and equilibrated
an effective means of concentrating a dilute sample. with 0.1 M KCl, 0.1 M glycine, 10 mM Tris–HCl,
Other typical points in a purification scheme where pH 7.8, plus 0.5 mM dithiothreitol. Profilin and
HIC fits in naturally are after an ammonium sulphate profilin-actin complexes together with small amounts
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of contaminating proteins were eluted with the same Ara h 1 eluted in this way from multiple runs was
buffer containing 30% dimethylsulphoxide but with- pooled, dialysed against 100 mM ammonium bicar-
out dithiothreitol. Profilin was then identified as a bonate buffer, lyophilized and subsequently analyzed
common allergen in different sources, such as celery for binding capacity to human IgE from patients with
[83], peach and apple [84], latex [85] and vegetable peanut hypersensitivity.
foods in general [86,87], and was purified with Another application of immunoaffinity interaction
several little variations of the reported protocol. was set up by Eigenmann et al. [92] for the identifi-

cation of unique peanut and soy allergens by ad-
sorption of cross-reacting sera on affinity columns

5. Immunochemical techniques coated with either peanut or soy extracts, in order to
remove cross-reacting antibodies and to have an IgE

5.1. Immunoprecipitation response specific towards a unique food. These sera
were then used for the study of specific soy and

Most of immunochemical techniques are based peanut allergens, revealing IgE binding specific for
upon the binding of the antigen to its specific soy 46 000 and 21 000 proteins, whose clinical role
antibody to form the antigen–antibody complex. was still to be elucidated, and six unique allergenic
This interaction can be used not only for analytical fractions of peanut at 13 000, 17 000, 25 000,
purposes, but also as a preparative technique to 34 000, 55 000 and 63 500, which included the
isolate a specific antigen from an heterogeneous major allergens Ara h 1(63 500) and Ara h 2
mixture, due to the possibility of removing the (17 000) and other fractions still to be studied.
precipitated antigen–antibody complex from the
solution by centrifugation. The immunoprecipitation
technique has the advantage of requiring a lower 6. Conclusions and perspectives
amount of specific serum with respect to immuno-
affinity chromatography, and moreover it often gives As we extensively reported in this review, much
higher recovery of the molecule of interest [88]; it work has been done regarding protocols for allergen
was not however reported as a means for allergen purification from natural sources. Nonetheless, there
purification. is still a lot to be achieved before newly character-

ized molecules for further in-depth studies are ob-
5.2. Immunoaffinity chromatography tained. However, for the preparation of large

amounts of allergenic proteins to set up reliable
The ability to generate antibodies to a large array diagnostics and therapeutics the most suitable meth-

of chemically distinct target molecules, coupled with od is based upon molecular biology techniques.
the technology of monoclonal antibody production, cDNA clones have been isolated for a number of
has made immunoaffinity purification a powerful and allergens in recent years, not only for inhalant
routine laboratory technique [89,90]. allergens (the most famous are Bet v 1 and Bet v 2

The antigenic and allergenic structure of Ara h 1, [93]) but also for food allergens. The relatively easy
a major allergen of peanut, was investigated with the production of these molecules has given a new
use of seven monoclonal antibodies obtained from impulse to allergological studies, which now are
BALB/c mice immunized with purified Ara h 1 [91]. often directed towards the elucidation of molecular
Monoclonal antibody 8D9 was then used to prepare mechanisms involved in hypersensitivity reactions
an immunoaffinity specific column to purify the [94]. To this end, particular care was recently taken
allergenic protein, by coupling the Mab to activated in the study of peanut allergens Ara h 1 [95], Ara h 2
Sepharose. The affinity column was equilibrated with [96] and Ara h 3 [97], which were cloned and
20 mM NaH PO , 1 M NaCl and loaded with crude subjected to site-directed mutagenesis to modify the2 4

peanut extract. Ara h 1 was eluted with 100 mM IgE-binding epitopes; these molecular modifications
triethylamine, pH 11.5, into test tubes containing 0.1 led, in most cases, to a significant reduction or loss
ml of 1 M NaH PO buffer to neutralize the eluate. of IgE binding, opening new possibilities to obtain2 4
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improved diagnostic and therapeutic agents for the These are only few examples concerning the use
treatment of peanut allergy. The literature has re- and the problems proposed by allergens obtained by
ported many cases of other cloned food allergens recombinant methodology, which however seems
which have been subjected to molecular characteriza- undoubtedly the future of the allergologic scientific
tion, such as, for example, the major allergens of development. Difficulties with cloned allergens are
celery (Api g 1) [98], of cherry (Pru a 1 [99] and Pru summarized and discussed in the review about
a 2 [3]), of apple (Mal d 1) [75], of mustard (Sin a recombinant food allergens written by Lorenz et al.
1) [100] and of English walnut (Jug r 1) [101]. The and reported in this issue [102].
basis of this approach is the precise knowledge of
physical and biochemical characteristics of natural
allergenic molecules, and this can only be done with 7. Nomenclature
allergens purified from natural sources, i.e. foods.
With regard to this particular feature, it should be SPT skin prick test
noted that for the expression in E. coli of Sin a 1 RAST radioallergosorbent test
[100] the authors gave detailed information about the CIE crossed immunoelectrophoresis
remarkable difficulties of expressing a soluble, im- CRIE crossed radioimmunoelectrophoresis
munologically active recombinant allergen, since SDS–PAGE sodium dodecylsulphate–polyacryl-
natural Sin a 1 is a cysteine-enriched protein com- amide gel electrophoresis
posed of two polypeptides linked together by disul- pI isoelectric point
fide bridges, and these biochemical properties cause
a lot of problems in molecular cloning. The expres-
sion of the recombinant allergen was successfully
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