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Summary

Background Allergy diagnostic systems sometimes give false positive or negative results. In
this respect, the influence of protein conformational changes on the allergen–IgE interaction
sites is worthy to be investigated.
Objective To investigate the influence of different experimental conditions on the structural
properties and IgE reactivity of kiwellin (Act d 5) as a model system.
Methods Act d 5 was purified from the natural source. To study its conformational features,
experiments of circular dichroism (CD) in different media were performed. The IgE reactivity
was investigated by skin testing, immunoblotting and ISAC microarray system, in a
population of kiwifruit allergic subjects.
Results CD experiments indicated that Act d 5 has a mainly helical structure and the
conformation is strongly affected by the experimental conditions. The protein is more
structured in low polarity media and at acidic pH values, similar to those of the natural source.
Eleven subjects of 29 (38%) allergic to kiwifruit were positive to purified natural Act d 5 by
skin test. Among them, three patients (10%) showed a reaction only to Act d 5 at pH 4.5, and
three (10%) showed a reaction only to the allergen in standard neutral conditions. No one of
the 11 subjects with positive skin test recognized Act d 5 immobilized on the ISAC system.
Eight of nine subjects detected Act d 5 by IgE immunoblotting. One subject did not recognize
the sequence epitopes of Act d 5 in IgE immunoblotting experiments and reacted to the skin
test only when the allergen was in acidic conditions.
Conclusions and Clinical Relevance The conformation and IgE reactivity of Act d 5 are
affected by the physico-chemical characteristics of the solvent. These findings suggest that
the assay conditions influence the results of the diagnostic systems by modulating the pattern
of exposed antigenic epitopes.
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Introduction

Several in vitro and in vivo test systems are available and
currently used to investigate the cause of individual

allergic reactions. Usually, data from more than one test
system are comparatively evaluated in the attempt
to reach a reliable diagnosis [1]. False positive and negative
responses are frequently observed and can be due to many
causes that need to be investigated to improve the predictive
value of diagnostic tests [1–3]. Discrepancies observed
among tests based on allergen extracts are very often
attributed to the variability of extract composition [4–8].
Although the difficulties to obtain standardized extract
composition may affect the diagnostic test responses, false
positive and negative results can be observed even with
purified allergenic proteins.

Allergens

�These authors contributed equally to the work.
Data from extensive IgE testing using the ISAC 103 system have
been obtained following manuscript submission. Among 19,699
tests, 105 (0.53%) were IgE positive for Act d 5, ranging between
0.1 and 24.97 kU/l. Unless very low in prevalence, the data
suggest the presence of epitopes that are recognized also in the
current conformation on the chip.
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Kiwellin is a cystein-rich protein identified few years
ago as a major protein component of green kiwi fruit
(Actinidia deliciosa) [9]. It has been described as an
IgE-binding protein [9, 10] and named Act d 5 by the
Allergen Nomenclature Sub-committee (http://www.
allergen.org) of the International Union of Immunological
Societies (IUIS). It has a molecular weight of 20 kDa,
calculated on the basis of the amino acid sequence and
confirmed by mass spectrometry analysis, although in
SDS-PAGE it shows a band at approximately 28 kDa [9].

Structural properties and experimental evidence sug-
gest that Act d 5 is a modular protein with two domains
[11]. It may undergo in vivo and in vitro proteolytic
processing by kiwi fruit actinidin (Act d 1), thus producing
KiTH and kissper. The former is a 16 kDa protein, showing
a 20 kDa band upon reducing SDS-PAGE and correspond-
ing to the C-terminal region of Act d 5; the latter is a 4 kDa
peptide, corresponding to the N-terminal region of Act
d 5, showing pH-dependent and voltage-gated pore-
forming activity in model synthetic planar lipid mem-
branes [12].

Serological tests showed that Act d 5 is specifically
recognized by IgE of some patients allergic to kiwi fruit.
The first study performed to investigate the allergenic
properties of Act d 5 involved two patients reporting
significant symptoms upon ingestion of kiwi [9]. One of
them needed hospital care after kiwi fruit ingestion;
however, he showed a negative skin prick test (SPT)
performed with commercial kiwi extract. In contrast,
serological tests demonstrated that the serum of that
subject contained specific IgE for Act d 5, as evaluated
by performing the CARLA analysis (Radim SpA, Pome-
zia, Roma) with the purified and biotinylated kiwi
protein, and IgE immunoblotting analysis confirmed this
result [9]. Interestingly, the analysis of the protein
composition of the commercial extract producing the
negative SPT response revealed the presence of signifi-
cant amounts of Act d 5 (unpublished data). Therefore,
although the subject had IgE specific for Act d 5 and this
protein was present in the test system, nevertheless Act d
5 was not able to produce a positive SPT. This observa-
tion suggested the hypothesis that the interaction be-
tween Act d 5 and specific IgE antibodies could be
induced or impaired depending on the structural changes
of the allergen induced by the specific conditions of the
test system. That is, different environmental conditions
could induce conformational changes associated with a
variation in the epitope exposition of the allergenic
protein.

To deal with this hypothesis, a study of the Act d 5
behaviour in different experimental conditions and
allergy test systems has been performed. In this paper, a
screening of the kiwellin conformational features has
been carried out by circular dichroism (CD) in different
media, and the clinical and IgE-binding properties have

been investigated by SPT, immunoblotting experiments
and ISAC system microarrayed allergens (VBC-Genomics,
Vienna, Austria).

Materials and methods

Preparation of protein extract and solutions of purified Act
d 5 for skin prick and in vitro tests

A total protein extract was obtained by homogenizing the
pulp of ripe green kiwi fruit (A. deliciosa) after addition of
1.0 M NaCl in deionized water at a 1 : 1 (w : w) ratio, and
collecting the supernatant obtained after centrifugation at
10 400 g for 20 min The extract was dialyzed against
water, aliquoted and stored at �20 1C until required. The
pH of the kiwi fruit homogenate and of the dialyzed
solution used for SPT was 3.5�0.02. Protein concentra-
tion was determined by the BIO-RAD Protein Assay
(Biorad, Milan, Italy), using calibration curves made with
bovine serum albumin.

Kiwellin was purified following a previously developed
protocol [9]. The purity of protein preparation was esti-
mated to be 498% by SDS-PAGE electrophoresis, RP-
HPLC and N-terminal amino acid sequencing. Purified
protein was first dialyzed against NaCl 0.2 M and then
against water. Then, the protein was lyophilized, aliquoted
and stored at �20 1C until required.

For SPT, (i) the extract solution was mixed with sterile
glycerine in a ratio of 1 : 1 and the final protein concen-
tration was 1 mg/mL; (ii) aliquots of lyophilized Act d 5
were solubilized in water brought to pH 7.4 by the
addition of NaOH, and then mixed with sterile glycerine
in a ratio of 1 : 1, and the final protein concentration was
0.5 mg/mL. Acidified solutions of kiwellin were obtained
by solubilizing the protein in water brought to pH 4.5 by
the addition of HCl, and the final protein concentration
was 0.5 mg/mL. The value of pH 4.5 was chosen in order to
test conditions as much similar to those of kiwi fruit as
possible, trying to avoid too acidic pHs that could dis-
comfort patients, whereas pH 7.4 was chosen as a refer-
ence condition, as commercial preparations for SPT have
neutral pH values. Solutions for SPT were sterilized by
membrane filtration through 0.22 mm filters (Millex, Milli-
pore, Bedford, MA, USA), in a sterile horizontal laminar
flow hood.

Study population, skin prick test and sera

The protocol of the present study was approved by the
Institutional Review Board (IDI/CE 2006/66). All patients
gave written informed consent before enrolment in the
study.

Twenty-nine patients were selected on the basis of (i)
reported tight relationship between kiwi fruit ingestion
and symptoms onset, (ii) previous Emergency Room
Intervention (documented by a paper report) or use of
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rescue medication (steroids and antihistamine) following
the symptoms onset, (iii) overall patient reliability and (iv)
follow-up since years at our hospital.

All the patients included in the study were evaluated by
SPT with (i) a kiwi commercial diagnostic extract (Staller-
genes, Antony, France), (ii) an in-house produced solution
of green kiwi extract [13], (iii) Act d 5 at neutral pH and
(iv) Act d 5 in acidic solution.

SPT was performed on the volar surface of the distal
forearm by using standardized lancets. Patients were asked
to avoid antihistamine intake for at least 7 days before
testing. Test evaluation was performed after 15 min. Weal
areas, transferred on a record sheet by means of a transpar-
ent adhesive tape, were calculated by means of computer-
aided design software (Autocad 22; Autodesk Inc., San
Rafael, CA, USA). Only patients having a negative test with
saline, and a positive result with histamine were tested. All
SPT were performed in duplicate and the widest surface of
the two test areas was considered [14].

IgE to kiwi extract was detected by using the CAP
system (Phadia, Uppsala, Sweden). IgE values correspond-
ing or higher than 0.35 kUA/L were considered positive.

The patients were also tested using an allergen micro-
array system (ISAC CRD 89b, VBC-Genomics) [15, 16] to
measure specific IgE to Act d 5 and to Act d 1 used as a
control. IgE values 40.03 kUA/L were considered positive.

Following the SPT, sera were obtained from patients
who consented to blood sampling for in vitro diagnostic
tests, and stored at �20 1C until required.

Immunoglobulin E immunoblotting experiments

Purified Act d 5 was subjected to reducing or non-
reducing (i.e. with or without b-mercaptoethanol, respec-
tively) 15% SDS-PAGE, transferred onto PVDF membrane
and stained with ponceau red.

Serum samples of patients that had shown a positive
SPT were selected and used in immunoblotting experi-
ments. IgE immunoblotting was carried out by using
the blocking solution and goat anti-human IgE of the
Enzallergy Specific E kit (Bio Genetix, Fiumicino, Italy).
After washing with the blocking solution, membranes
were incubated with primary antibodies (1 : 4 dilutions of
sera) for 3 h. IgE–allergen complex was detected by
incubation with secondary antibody, i.e. a 1 : 20 dilution
of goat anti-human IgE conjugated to alkaline phospha-
tase, for 18 h, followed by incubation with BCIP/NBT
solution prepared according to the manufacturer’s in-
structions. Non-specific binding of the anti-IgE antibody
conjugate was estimated in a similar blotting procedure
omitting the incubation step with patient serum.

Circular dichroism studies

All CD spectra were recorded on a JASCO J-810 spectro-
polarimeter (Easton, MD, USA) using a quartz cell of 0.1 cm
path length. Spectra were recorded over the wavelength

range 260–190 nm with a bandwidth of 2.0 nm and a time
constant of 8.0 s. The temperature was 25 1C. Spectra were
baseline corrected for the contribution of the solvent.
Unless otherwise indicated, a protein concentration of
0.15 mg/mL was used thoroughly. CD spectra were acquired
in pure water and in mixtures containing two different
fluorinated alcohols, hexafluoroisopropanol (HFIP) and
2,2,2-trifluoroethanol (TFE), corresponding to 20/80 and
80/20 (v/v) water/alcohol composition. To attain the same
protein concentration in all samples, two stock protein
solutions of equal concentration were prepared and ad-
justed at either pH 4.5 or pH 7.5 with HCl or NaOH,
respectively. Identical aliquots of these stock solutions were
diluted by the addition of the same volume of water or
preformed mixtures of water with the appropriate amount
of fluorinated alcohol.

Results

Skin testing with kiwifruit extracts and purified Act d 5

Twenty-nine patients were selected on the basis of a
reliable history of allergic reactions to kiwi fruit. They
were tested with both commercial and in-house green kiwi
extract, and with Act d 5 in a neutral solution (pH 7.4), and
in acidic water solution (pH 4.5) (Tables 1a and b).

Eleven subjects of 29 (38%) had a positive SPT to
purified Act d 5. Among them, three patients (10%)
showed a reaction only to Act d 5 at pH 4.5, three (10%)
showed a reaction only to the allergen in neutral solutions
and five (17%) showed a reaction to Act d 5 solubilized in
both conditions. Some features of the 11 subjects that gave
a positive SPT, in at least one condition, are listed in Table
1a. This population includes four males and seven
females. The average age was 34.5 (from 13 to 57). Six
patients reported oral symptoms (O), one patient oedema
and oral symptoms (E, O) and one patient vomiting (V).
Three patients had asthma (A): one together with atopic
dermatitis (D), one with skin itching (P) and another with
urticaria (U).

All the 11 subjects with a positive SPT to purified Act d
5, were tested with both commercial and in-house kiwi
extract by SPT. Two of them (7%) had no reaction to
the commercial extract, whereas all patients reacted to the
in-house one.

Table 1b reports clinical and specific IgE data of the 18
subjects allergic to kiwi fruit but showing negative SPT to
kiwellin.

Immunoglobulin E binding experiments

The sera of the 11 subjects with positive SPT were also
tested on Act d 5 immobilized on the ISAC system. As
shown in Table 1a, none of the tested sera recognized the
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immobilized Act d 5, whereas 6 of them reacted with
immobilized actinidin, used as a control.

Ten patients out of 11 were tested for specific IgE to
green kiwi extract using the CAP system, and seven of
them showed elevated levels (Table 1a).

Nine of the 11 sera that had shown a positive reaction to
SPT were used to test Act d 5 by IgE immunoblotting

experiments after reducing or non-reducing SDS-PAGE
(Fig. 1). Eight of nine sera contained specific IgE recogniz-
ing Act d 5 from both reducing and non-reducing condi-
tions. Nevertheless, a variation of the signal intensities
was observed, and generally the signals shown by the
non-reduced Act d 5 were weaker than those observed for
reduced Act d 5.

Table 1a. Clinical and specific IgE data of the study population showing positive SPT to kiwellin

Patient Gender Age
Symptoms
with kiwi

Specific
IgE (CAP)

Specific
IgE (ISAC)

Specific
IgE (ISAC) SPT (mm2)

Other food
allergies
(ISAC)

Kiwi
extract Act d 1 Act d 5

Commercial
GrK extract

In-house
GrK extract

Prick by
prick GrK

Act d 5
pH 7.4

Act d 5
pH 4.5

1 M 15 A,D 2.05 1.37 0 1 1111 1111 NEG 1 Pru p 3
2 F 23 O 51.7 19.58 0 1 111 11 NEG 1 Bet v 1
3 M 13 V 3.41 0.73 0 11 111 111 1 NEG Bet v 1
4 F 53 O 0.05 0 0 11 111 111 NEG 1 NEG
5 M 25 A,P 0.61 0 0 11 111 111 11 1 Pru p 3
6 F 33 O 0.04 0 0 1 1 NEG 1/� NEG NEG
7 F 32 O 0.27 0 0 NEG 1 ND 1/� NEG NEG
8 F 55 A,U 0.96 0 0 11 111 111 1 1 NEG
9 F 34 O 3.34 1.13 0 1 111 11 1 1 NEG
10 F 50 O ND 0.26 0 NEG 111 11 11 1 NEG
11 M 57 E,O 4.05 2.35 0 111 111 111 1 1 NEG

A, Asthma; An, anaphylaxis; Ap, abdominal pain; D, atopic dermatitis; E, oedema; O, oral symptoms; P, skin itching; U, urticaria; V, vomiting; ND, not
done; GrK, green kiwi extract; CAP, ImmunoCAP (Phadia, Uppsala, Sweden); ISAC, (VBC-Genomics, Vienna, Austria); NEG, negative.

Table 1b. Clinical and specific IgE data of the study population showing negative SPT to kiwellin

Patient Gender Age
Symptoms
with kiwi

Specific
IgE (CAP)

Specific
IgE (ISAC)

Specific
IgE (ISAC) SPT (mm2)

Other food
allergies
(ISAC)

Kiwi
extract Act d 1 Act d 5

Commercial
GrK extract

In-house
GrK extract

Prick by
prick GrK

Act d 5
pH 7.4

Act d 5
pH 4.5

1 F 30 O 0,01 0 0 0 0 0 NEG NEG NEG
2 F 56 E,U 0,66 0 0 1 1 1 NEG NEG NEG
3 F 26 O 7 0 0 11 11 11 NEG NEG Profilin, Pru p3
4 F 31 O,P 0 0 0 11 11 11 NEG NEG Pru p 3
5 F 44 O 0,01 0 0 0 0 0 NEG NEG NEG
6 F 20 O ND 0 0 0 0 0 NEG NEG NEG
7 F 35 O 0,01 0 0 0 0 0 NEG NEG Pru p 3
8 F 35 O 1,24 0 0 11 111 111 NEG NEG Pru p 3
9 M 28 O 0,59 0 0 0 0 0 NEG NEG Act d 2
10 F 24 O ND 0 0 0 0 0 NEG NEG NEG
11 F 32 A,O ND 0 0 0 0 11 NEG NEG Profilin
12 M 20 An 6,24 0 0 1 11 11 NEG NEG Act d 2
13 M 14 O ND 0 0 0 0 0 NEG NEG NEG
14 F 29 Ap 1,02 0 0 0 1 11 NEG NEG Pru p 3
15 F 41 A,P ND 0 0 0 0 1 NEG NEG NEG
16 M 27 O ND 0 0 1 11 1 NEG NEG Pru p 3
17 F 25 O ND 0 0 0 0 0 NEG NEG NEG
18 F 40 E,P ND 0 0 1 11 1 NEG NEG Pru p 3

A, Asthma; An, anaphylaxis; Ap, abdominal pain (Ap); D, atopic dermatitis; E, oedema O, oral symptoms; P, skin itching; U, urticaria; V, vomiting; ND,
not done; GrK, green kiwi extract; CAP, ImmunoCAP (Phadia, Uppsala, Sweden); ISAC, (VBC-Genomics, Vienna, Austria); NEG, negative.
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Circular dichroism studies

A structural analysis of Act d 5 has been performed by CD
in several experimental conditions, to evaluate the effect
of different environments on the protein conformation.
Spectra have been acquired at pH 7.5, close to the human
physiological value, and at pH 4.5, close to the acidic
value of the kiwi fruit. In addition, we have also evaluated
the influence of solvent polarity on the protein, trying to
reproduce the different physico-chemical features of
physiological environments experienced by the protein,
before and during the interaction with its target cells.
Water/fluorinated alcohol mixtures represent a handy
medium to simulate biological environments with differ-
ent dielectric constants [17], spanning from the fully
aqueous transport fluids to the apolar lipid phase of the
membrane interior and protein inner cavities. For these
properties, they have been used successfully to character-
ize the conformation of several membrane-interacting
peptides [18–23]. Figure 2 reports the CD spectra obtained
at pH 7.5 (panel a) and pH 4.5 (panel b) in the different
experimental conditions explored. The inspection of the
CD curves shows that all of them display the typical shape
of a mainly helical structure, characterized by two minima
around 222 and 206 nm, although the not-fully canonical
shape reflects the contribution of other secondary struc-
tures, i.e. b structures and/or random coils. Furthermore,
the comparison among the two panels reveals that the
curves registered at lower pH (panel b) are in general more
intense than the curves obtained around a neutral pH
(panel a), suggesting a higher degree of structure at acidic
pH. Furthermore, at pH 4.5, the differences among the
curves are well evident, and indicate that in the presence
of both fluorinated alcohols the fraction of folded mole-
cules increases, whereas in contrast at pH 7.5 all the
curves are more or less superimposed.

For an easier comparison of the effect of the experi-
mental conditions on Act d 5 structure, in Fig. 3 we have
reported the molar ellipticity at 206 nm, which represents
one of the hallmarks of helical structures, in the different
experimental conditions explored. In this representation,
it is well evident that in fully polar media (represented by

bulk water) the protein is less structured and there is no pH
effect. This behaviour is not affected by the addition of a
low amount of TFE (20% by volume), but becomes more
pronounced as far as the medium polarity decreases, i.e. in
80% TFE and in the presence of HFIP, both at 20% and
80% by volume. Overall, the data reported here indicate
that the conformation of Act d 5 is strongly affected by the
physico-chemical features of the environment, first of all
by the solvent polarity, and that is more structured in low
polarity media and at low pH.

Discussion

During the last decade, several efforts have been made to
improve allergy diagnosis by integrating the traditional
methods, based on protein extracts from natural raw
materials, with components based on purified natural or
recombinant allergens [10, 24–26].

Act d 5 was purified from the natural source and used to
perform different tests. By testing, a population of subjects
allergic to kiwifruit using a standard protocol for SPT,
eight out of 29 (28%) had a positive reaction to Act d 5.
However, the number of positive reactions to SPT

Fig. 1. IgE immunoblotting of Act d 5 after reducing (a) and non-
reducing (b) SDS-PAGE. The allergen was probed with nine individual
sera (lanes 1–9, Table 1a) and with buffer as a negative control for the
anti-human IgE antibody (lane 0).

Fig. 2. Circular dichroism (CD) spectra of Act d 5 at pH 7.5 (a) and pH 4.5
(b). The following symbols have been used: (}) water, (�) TFE 20%, (m)
TFE 80%, (�) HFIP 20% and (n) HFIP 80%. TFE, 2,2,2-trifluoroethanol;
HFIP, hexafluoroisopropanol.
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increased when an additional modified protocol was used.
In fact, three additional positive reactions (10%) to SPT
were observed using Act d 5 in acidic solution, which is an
environment more similar to that of the natural source.
The observation that some subjects had a positive reaction
either at neutral or acidic pH values suggests that this
allergen, depending on the experimental conditions, may
expose different epitopes. Nevertheless, some subjects
may have IgE antibodies recognizing epitopes exposed in
each of the two examined experimental conditions.

These results are in line with the observations that
kissper, the peptide originating from the in vivo proteoly-
tic processing of Act d 5 [11], seems to produce ion
channels in synthetic bilayers only after activation in
acidic conditions [12]. This behaviour suggested that the
active form of kissper has specific structural properties
that are acquired in some physico-chemical environments
and are lost in other conditions. It is noteworthy that kiwi
fruit homogenate has an acidic pH value of 3.5, approxi-
mately. Therefore, it is not so surprising that an acidic
environment induces a ‘functional’ structure in kissper,
the N-terminal fragment of Act d 5.

The conformational analysis reported in this paper by
CD measurements in different experimental conditions
indicates that Act d 5 3D structure is modulated by the
solvent pH and polarity. In fact, the protein, having a
mainly helical conformation, is more structured in low
polarity media and at acidic pH value, rather than in
neutral and fully polar media. Therefore, similarly to
kissper, its precursor (Act d 5) also displays pH-driven
conformational changes but this effect is more evident in
the presence of a low-dielectric constant medium, that is
representative of several cellular environments [15], like

for instance the interior of biological membranes. During
the transit in the gastrointestinal system, Act d 5 and/or
fragments generated by the gastric and/or duodenal
digestion can encounter environments characterized by
different pH values, ranging from the very acidic one of
the stomach to values close to neutrality, and can meet
hydrophobic environments, for instance when approach-
ing cell membranes or host proteins. Therefore, it may be
hypothesized that, depending on the environments en-
countered, this allergen may undergo in vivo conforma-
tional changes and expose different epitopes, inducing the
synthesis/interaction of different specific IgEs.

Unlike some other study populations (unpublished
data), the sera of the subjects recruited for the investiga-
tion described here did not recognize Act d 5 immobilized
on the ISAC biochip. These results suggest that the
immobilization might make some epitopes unavailable
for recognition by the antibodies. Nevertheless, it cannot
be excluded that the experimental conditions of the ISAC
procedure may affect the conformation and the IgE-
binding capacity of the immobilized allergens.

IgE-immunoblotting experiments indicate that most of
the subjects displaying reactivity to Act d 5 by SPT also
recognize sequence epitopes. In fact, eight of nine subjects
analysed by immunoblotting appear to have IgEs reacting
with denatured Act d 5. One subject did not recognize
sequence epitopes in the immunoblotting experiments
and reacted to SPT only with Act d 5 at acidic pH, and
not with Act d 5 in neutral condition. Therefore, this
subject could have IgE antibodies recognizing only the
conformational epitopes exposed in acidic conditions.
These epitopes cannot be revealed by test systems using
neutral pH conditions, such as those using the classical

Fig. 3. Molar ellipticity of Act d 5 at 206 nm in the different experimental conditions was explored.
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PBS buffer, and cannot be revealed by IgE immunoblot-
ting. Probably, the only way to detect the reactivity to Act
d 5 of this subject is the prick by prick test, performed with
the fresh kiwi fruit having its naturally acidic pH value.
Otherwise, the SPT performed with the purified molecule
in acidic conditions may represent a useful and more
reliable alternative.

On the basis of the results described in this paper, it may
be suggested that the environmental condition, such as
the pH value of the allergen source, could be an additional
factor affecting the sensitivity of allergy test perfor-
mances. In fact, the structural features, and therefore, the
ability of some allergens to interact with specific anti-
bodies could be different in environments similar to those
of the natural sources respect to other experimental
conditions. This is an aspect to which usually very low or
even no attention is paid. Similar to Act d 5, it can be
imagined that, depending on the experimental conditions,
other allergens may undergo conformational changes
associated with the exposition of different combinations
of epitopes recognized by the IgE antibodies of allergic
subjects. This behaviour may affect in a very significant
way the results of allergy testing, both in vitro and in vivo.
Therefore, it appears to be an additional factor to be
considered in the evaluation of allergy test system relia-
bility.

Clinical relevance

The 3D structure of Act d 5 is sensitive to the physico-
chemical characteristics of the environment. In fact, this
allergen may undergo pH- and polarity-driven conforma-
tional changes that may affect the pattern of exposed
antigenic epitopes. This behaviour may have clinical
implications because it can affect the sensitivity of diag-
nostic tests, such as SPT. Therefore, a deep knowledge of
the physico-chemical properties of allergenic proteins
would be desirable and potentially useful for the improve-
ment of diagnostic test systems.
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