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Isolation and characterization of natural Ara h 6:
Evidence for a further peanut allergenwith putative
clinical relevance based on resistance to pepsin
digestion and heat

Martin Suhr, Daniel Wicklein, Ute Lepp andWolf-Meinhard Becker

Research Center Borstel, Borstel, Germany

Peanut allergy is a significant health problem because of its prevalence and the potential severity of
the allergic reaction. The characterization of peanut allergens is crucial to the understanding of the
mechanism of peanut allergy. Recently, we described cloning of the peanut allergen Ara h 6. The aim
of this study was isolation and further characterization of nAra h 6. We purified nAra h 6 from crude
peanut extract using gel filtration and anion exchange chromatography. The preparation was further
characterized by two-dimensional polyacrylamide gel electrophoresis (2-D PAGE) with subsequent
immunoblotting. Stability of nAra h 6 was studied by an in vitro digestibility assay as well as by
resistance against thermal processing. Sequencing of nAra h 6 identified the N-terminal amino acid
sequence as MRRERGRQGDSSS. Further results clearly demonstrated stability of nAra h 6 against
pepsin digestion and heating. Immunoglobulin G (IgE) binding analysis and its biological activity
shown by RBL 25/30-test of natural Ara h 6 supported the importance of this peanut allergen. Inves-
tigation of nAra h 6 revealed evidence for a further peanut allergen with putative clinical relevance
based on resistance to pepsin digestion and heat.
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1 Introduction

Peanut allergy belongs to the group of immunoglobulin G
(IgE)-mediated food allergies. It is characterized by a
higher frequency of severe reactions than found in other
food allergies. Fatal food-induced anaphylaxis affecting
children as well as adults is often induced by exposure to
peanut [1–5]. A recent survey in the USA suggests that
0.7% of children are allergic to peanuts [6]. In contrast to
other food allergies such as to milk and egg allergy hyper-
sensitivity to peanut is usually persistent. Only in 21.5% of
the patients the peanut allergy is outgrown [7]. Due to its
prevalence and the potential severity of allergic reactions
identification and molecular characterization of peanut
allergens is an essential step towards improving diagnosis
and therapy.

Three major peanut allergens have been studied in detail. (i)
Ara h 1 which belongs to the vicilin family is a 63.5 kDa
glycoprotein recognized by more than 95% of patients with
peanut hypersensitivity [8]. (ii) Ara h 2 with homology to
the conglutin family of seed storage proteins was described
as a glycoprotein which is composed of two closely migrat-
ing bands with a mean molecular mass of 17 kDa [9]. (iii)
Ara h 3 was originally identified as a 14 kDa breakdown
fragment and later classified as glycinin [10, 11]. However,
based on IgE binding, various studies about serological
characteristics of peanut allergy emphasize the diversity of
peanut allergens [12–14]. These findings support the need
for definite analysis of all allergenic components. There-
fore, further peanut allergens were identified by phage dis-
play technology and their respective cDNA sequences were
cloned in our laboratory. Clinical relevance was studied by
IgE-binding after their recombinant expression in Escheri-
chia coli using sera from peanut allergic individuals [15].

The identification of Ara h 4 which exhibits 56% amino
acid identity to sequences of soybean glycinins revealed
high amino acid identity (91.3%) to Ara h 3 indicating that
both are members of the glycinin storage protein family.
Nevertheless, both allergens were accepted separately by
the IUIS Allergen Nomenclature Sub-Committee at point
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of submission [16]. Ara h 5, a protein highly homologous to
plant profilins, showed 13% IgE binding by use of sera
from peanut allergic patients. Obviously, it only plays a
minor role in peanut allergy and may explain sensitivity to
pollen and food of some allergic individuals by cross-reac-
tivity [17]. The allergens Ara h 6 and Ara h 7 have high
similarity to proteins of the conglutin family related to the
2S superfamily of seed storage proteins. Ara h 6 and Ara h 7
show 59% and 35% amino acid sequence identity to Ara h
2, respectively. Despite these homologies we clearly found
differences in IgE binding leading to the classification of
Ara h 6 and Ara h 7 as allergens of intermediate frequency
[15]. However, further analysis of these allergens is neces-
sary for standardization and reliability of diagnostic
extracts. Furthermore, understanding the biochemistry of
these allergens may help to elucidate the mechanisms
involved in the severity of peanut allergy.

Thus, the aim of this study was to characterize nAra h 6
after purification from crude peanut extract. We describe
successful isolation of nAra h 6. Purification enabled defi-
nite identification by N-terminal sequencing. The results
are important for further investigations concerning clinical
relevance, improvement of diagnosis and development of
immunotherapeutic approaches.

2 Materials andmethods

2.1 Human sera

Patients sensitized to peanut were selected according to
case history and radioallergosorbent tests. Sensitization
was confirmed by Western blot analysis of IgE binding to
peanut proteins and individual recombinant allergens. Sera
were collected at the Medical Hospital Borstel after giving
informed consent and used for detection of IgE binding to
peanut proteins. Sera JG3, HF4, JB5, GK31, and SK26
were described previously [16].

2.2 Crude peanut extract

Peanuts (Arachis hypogaea, Virginia) were ground under
liquid N2 and further extracted in 0.1 M (NH4)2CO3, pH 8
for 4 h at 48C. After centrifugation the supernatant was fil-
tered (0.2 lm pore size) and dialyzed. Samples were stored
freeze-dried at –208C until use. The protein content was
determined according to the method of Bradford [18].

2.3 Chromatography

Chromatography techniques were carried out using a
�KTApurifier HPLC system (Amersham Pharmacia, Frei-

burg, Germany). Peanut protein extract (1.2 mg) was dis-
solved in 50 mM K2HPO4/KH2PO4, 0.1 M NaCl (pH 7.5)
and loaded onto a Superdex 200 column (Amersham Phar-
macia). The gel filtration column was calibrated by separa-
tion of a protein standard (calibration kit; Amersham Phar-
macia). Fractions containing Ara h 6 were pooled, dried by
speed vacuum centrifugation and desalted on a HiTrap col-
umn (Amersham Pharmacia). Afterwards, Ara h 6 was
resuspended in 20 mM Tris-HCl (pH 8) and loaded onto a
MiniQ column (Amersham Pharmacia) to perform anion-
exchange chromatography using 20 mM Tris-HCl (pH 8)
and an increasing gradient up to 0.5 M NaCl as elution buf-
fer.

2.4 Electrophoresis and immunoblotting

Discontinuous SDS-PAGE was performed according to the
method of Laemmli [19] ready-to-use NuPAGETM Bis-Tris
gels (Invitrogen, Groningen, Netherlands) were applied for
separation of low-molecular-mass proteins (a25 kDa)
according to manufacturer’s instructions. After electrophor-
esis proteins were either stained with Coomassie blue or for
Western blot analysis transferred to nitrocellulose (NC)
membranes (0.45 lm; Schleicher & Schuell, Dassel, Ger-
many) by semidry blotting [20] at 0.8 mA/cm2 for 30 min or
to polyvinylidene difluoride (PVDF) membranes (Milli-
pore, Eschborn, Germany) using the tank-blot system of the
manufacturer. NC membranes were blocked by incubation
in 0.1 M TBS (pH 7.4) containing 0.05% v/v Tween 20
(TBST) for 1 h under gentle agitation. Blocking of PVDF
membranes was achieved by shaking in 5% non-fat dry
milk/TBS. Afterwards, the membrane was incubated in an
appropriate dilution of primary antibody. Human sera were
diluted 1:10 in TBST. The Ara h 6 specific rabbit serum
was applied in a dilution of 1:10000 whereas the anti Ara
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Table 1. Clinical data of 11 peanut allergic patients

Patient # Age
(years)

Symptomsa) Cap Total IgE
(kU/L)

Specific IgE
reactivity [16]

JG3 1 25 OAS, R, D, A, N, U Shock 6 3693 rAra h 2, 4, 6, 7
GK31 2 12 OAS, U, A Shock 6 393 rAra h 2, 4, 6, 7
KH37 3 34 OAS 5 166

JB5 4 22 OAS 4 3961 rAra h 2, 4, 7
UM33 5 22 OAS, U, N 5 452

J T 6 11 AD, A 6 1221

AS 7 6 R, A, U 6 2198

WZ 8 27 OAS 6 1969

HJ 9 30 OAS, A Shock 6 450
SK26 10 25 OAS, D, R, N, A Shock 5 438 rAra h 2, 4, 6, 7
HF4 11 36 OAS, A, U, N Shock 5 329 rAra h 2, 4, 6, 7
LH 12 59 OAS, Rfi tree nuts 0 8.2 IgE control

a) OAS, oral allergy syndrome; R, rhinitis; A, asthma; N, neuro-
dermatitis; U, urticaria; D, diarrhoea; AD, atopic dermatitis
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h 2 serum was diluted 1:16106. Specific binding of human
IgE or rabbit antibodies were detected using either a mouse
antibody anti-human-IgE (1 :2000; Allergopharma, Rein-
bek, Germany) or goat antibody anti-rabbit-IgG (1:5000;
Dianova, Hamburg, Germany) conjugated with alkaline
phosphatase (AP). Bound antibodies were visualized after
three washes with TBST by incubation with NBT/BCIP as
substrate in AP-Puffer (0.1 M TBS, 0.1 M NaCl, 5 mM

MgCl2, pH 9.5).

2.5 Two-dimensional polyacrylamide gel
electrophoresis (2-D PAGE)

2-D PAGE was carried out according to the method of G�rg
et al. [21]. Isoelectric focusing in the first dimension was
done using polyacrylamide (PAA) strips (4% PAA) with an
immobilized pH gradient (3.6–9.3) containing 8 M urea
and 10 mM dithiothreitol. A sample of 25 lg protein was
applied and separated at 3000 V and 2 mA for 5 h. After
subsequent equilibration steps in buffer I (6 M urea, 30%
glycerol, 50 mM Tris-HCl, pH 8.8, 2% SDS, 0.06 M DTT)
and buffer II (6 M urea, 30% glycerol, 50 mM Tris-HCl, pH
8.8, 2% SDS, 0.14 M iodoacetamide) SDS-PAGE was per-
formed at 600 V and 50 mA using gradient gels (5–20%
PAA). The pI and molecular mass were determined using
an IEF test mixture (pH range 3–10; Serva, Heidelberg,
Germany) and low-range SDS standard (Bio-Rad,
M�nchen, Germany) as marker proteins, respectively. Ther-
moblotting was used to perform immunological tests.

2.6 N -Terminal sequencing

N-Terminal protein sequencing was performed by sequen-
tial Edman degradation. After separation by SDS-PAGE
proteins were blotted onto a PVDF membrane. After stain-
ing with Coomassie blue relevant proteins were excised and
subjected to protein sequencing employing a 476A sequen-
cer (Applied Biosystems, Weiterstadt, Germany).

2.7 Recombinant expression of peanut allergens

For generation of polyclonal rabbit antisera, Ara h 6 and
Ara h 2 were expressed in Escherichia coli BL21(DE3)-
RIL and purified as his-tag fusion proteins as described pre-
viously [22].

2.8 Rabbit antisera

Chincilla bastard rabbits (Charles River Wiga, Sulzfeld,
Germany) were immunized by intramuscular injections of
100 lg rAra h 6, 100 lg rAra h 2, and 100 lgMultiple Anti-

gen Peptides of epitope 3 of Ara h 2 (MAP-3), respectively,
using the TiterMax Adjuvant system (Sigma, Deisenhofen,
Germany).

2.9 Digestibility and thermostability of nAra h 6

Purified nAra h 6 (0.4 mg) as well as 0.4 mg conalbumin
(Sigma, Deisenhofen, Germany) were incubated with
0.04 mg pepsin-agarose (64.9 U/mg solid; Sigma) in 0.25 M

formic acid puffer (pH 3) under gentle agitation. At differ-
ent times (t = 0, 30, 60, 90, 120 min) pepsin-agarose was
collected by centrifugation (3 min, 31806g). The superna-
tants were analyzed by SDS-PAGE. Thermostability of pea-
nut proteins was studied by generating biscuits: peanut
extract was heated in the presence of sugar, butter and
wheat flour for different times (t = 15, 40 min) at 1808C to
stimulate thermal food processing. Biscuits were extracted
as described above for production of crude peanut protein
extract.

2.10 Mediator release from transfected rat
basophilic leukemia (RBL 25/30) cells

The mediator release assays followed a protocol established
by Hoffmann et al. [23]. Briefly, RBL 30/25 cells express-
ing the a-chain of the human Fc-RI receptor were plated in
96-well cell culture plates (Nunc, Wiesbaden, Germany) at
1.56105 cell per well. The cells were passively sensitized
with IgE-containing human (JG3, PEI 163) sera and a
serum form a nonallergic subject (PEI 231), respectively.
After washing, the cells were stimulated with peanut extract
or nAra h 6. The antigen-specific release was quantified by
measuring e-hexosaminidase activity and expressed as per
cent of the total e-hexosaminidase content that was
obtained by lysing the cells with Triton-X100. For measure-
ments of spontaneous release and possible nonspecific
effects, naive RBL cells were incubated with Tyrode’s buf-
fer, cell culture medium, and antigen without specific anti-
bodies, respectively.

3 Results

3.1 Identification of nAra h 6 in crude peanut
extract

Phage display technology enabled identification and clon-
ing of Ara h 6. (Genbank Acc. No. AF092846). This protein
was characterized as allergen by IgE binding after recombi-
nant expression in E. coli. [15]. According to the deduced
molecular mass of 14.5 kDa for Ara h 6 we improved elec-
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trophoretic resolution of low-molecular-mass proteins by
using NuPAGETMBis-Tris gels for separation of peanut pro-
teins. After transfer onto a PVDF membrane the proteins
were either stained with Coomassie blue (Fig. 1A) or used
for immunochemical detection (Figs. 1B, C). Several pea-
nut proteins were detected by IgE-binding using serum
from patient JG3 (Fig. 1B). According to available data
binding of IgE to Ara h 1 at about 63.5 kDa [8] and to Ara h
2 consisting of two isoforms with a mean molecular mass of
17 kDa could be identified [9]. Further reactivity is prob-
ably due to IgE binding to Ara h 3 and its fragments.
Because of the expected molecular mass of Ara h 6 four IgE

binding proteins (samples 1–4; Fig. 1) in the range between
10 and 20 kDa were subjected to N-terminal sequencing.
The results are summarized in Table 2. The sequences of
sample 1 and 2 showed identity to the N-terminus of Ara h 2
indicating identification of the closely migrating isoforms.
This was confirmed by immunochemical detection using
the Ara h 2 specific rabbit serum (Fig. 1C). The N-terminal
sequence of sample 3 with an apparent molecular mass of
about 15 kDa revealed high similarity with sequence of Ara
h 6. Furthermore, Edman degradation of another IgE bind-
ing protein (sample 4) identified a fragment of Ara h 3
whose N-terminal sequence corresponds to a 14 kDa frag-
ment [10].

3.2 Purification of nAra h 6

After identification of Ara h 6 in crude peanut extract the
allergen was purified by chromatography. Peanut proteins
were separated according to their molecular masses by use
of a Superdex 200 column. After gel filtration fractions
were analyzed by SDS-PAGE. Western blot analysis using
the specific rabbit serum detected Ara h 6 in fractions
C12–C14 (Fig. 2B). Protein staining with Coomassie blue
identified Ara h 6 as one of the major protein components
of these fractions (Fig. 2A). Calibration of the column
revealed that Ara h 6 could be detected in fractions corre-
sponding to the expected molecular mass range. Further-
more, these fractions contained the isoforms of Ara h 2 as
detected byWestern blot analysis using the Ara h 2-specific
serum (Fig. 2C). Aweak cross-reactivity of the Ara h 6-spe-
cific serum with Ara h 2 and vice versa could be observed
(Fig. 2B, C). This cross-reactivity is probably due to homol-
ogy between both protein sequences. The proteins showed
an apparently higher molecular mass in SDS-PAGE accord-
ing to Laemmli than observed by application of the NuPA-
GETM-Tris-Bis gels (see Fig. 1). We have no explanation for
this apparent difference in mobility. Nevertheless, immuno-
chemical detection as well as IgE-binding confirmed the
identity of the allergens investigated.

Fractions C12–C14 were pooled and loaded onto an anion-
exchange MiniQ column for further purification of natural
Ara h 6. Protein was eluted by applying an increasing salt
gradient up to 0.5 M NaCl. As shown in Fig. 3A, the A280

profile detected several protein peaks. Ara h 6 was identi-
fied in a number of fractions (B7–B15) by Coomassie blue
staining (Fig. 3B) as well as by Western blot analysis
(Fig. 3C), however clearly separated from Ara h 2 as
detected by the use of Ara h 2-specific rabbit antibodies
(data not shown). Retarded elution of Ara h 6 corresponding
to at least two different peaks in the A280 profile indicates
existence of isoforms harboring different elution properties.
This was confirmed by results of 2-D PAGE using a sample
from the gel filtration pool (C12–C14) containing enriched
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Table 2. Results of N-terminal sequencing of different IgE-
binding peanut proteins

Sample N -Terminal sequence Peanut protein

1 RQQxELQGDR Ara h 2
2 RQQxELQG Ara h 2
3 MEDERGxQGDxS/MERERGxQGDS Ara h 6
4 ISFRQ Ara h 3/Ara h 4

x: amino acid not clearly identified

Figure 1. Identification of IgE binding peanut proteins.
Crude peanut extract was separated using the NuPAGETM

Bis-Tris gel system. After Western blotting onto a PVDF mem-
brane, proteins were either stained with Coomassie blue (A) or
used for immunochemical detection applying serum JG 3 of a
peanut allergic patient (B) or the specific rabbit antiserum
raised against rAra h 2 (C). Molecular sizes of marker proteins
are indicated (kDa). Four proteins (samples 1–4) subjected to
N-terminal sequencing are marked by an arrowhead.
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Ara h 6. 25 lg protein was analyzed by 2-D PAGE and
stained with Coomassie blue (Fig. 4A) or used for Western
blot analysis applying the Ara h 6 specific antiserum
(Fig. 4B). Immunodetection identified at least three dis-

tinct protein spots corresponding to isoforms of Ara h 6
with different pI values in the range between pI 5–6. This is
in accordance with the calculated pl of 5 derived from the
translated cDNA sequence.
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Figure 2. Isolation of nAra h 6
by gelfiltration of peanut pro-
teins. Peanut proteins were
separated performing gel filtra-
tion by the use of a Superdex
200 column. Fractions were
analyzed by 15% SDS-PAGE
according to Laemmli. The rele-
vant protein fractions C12–C14
containing Ara h 6 are shown.

Proteins were either stained with Coomassie blue (A) or analyzed applying the specific rabbit antiserum raised against rAra h 6 (B)
or rAra h 2 (C), respectively. Molecular sizes of marker proteins are indicated (kDa).

Figure 3. Purification of nAra h 6.
After gel filtration enriched Ara h 6
was further purified by anion-
exchange chromatography. The elu-
tion profile is illustrated (A). Protein
peaks were detected by measuring
A280 nm (mAU: milli absorption units).
Numbering of the fractions and
increasing conductivity (in mS/cm) are
indicated. Fractions B7–C6 were ana-
lyzed by 15% SDS-PAGE according
to Laemmli. Proteins were either
stained with Coomassie blue (B) or
analyzed by the use of the Ara h 6-
specific antiserum (C). Molecular
sizes of marker proteins are indicated
(kDa).
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3.3 N -Terminal sequencing of purified nAra h 6

Natural Ara h 6 purified by anion-exchange chromatogra-
phy was separated by SDS-PAGE, blotted onto a PVDF
membrane, and stained with Coomassie blue. Sequencing
by Edman degradation identified the N-terminal amino acid
sequence as MRRERGRQGDSSS. This sequence revealed
100% identity to the aa sequence of Ara h 6 deduced from
the cDNA clone starting with Met6. Whereas N-terminal
sequencing of Ara h 6 separated by SDS-PAGE of crude
peanut extract revealed only partial homologues sequences
(Table 1), Edman degradation of purified Ara h 6 definitely
identified the authentic N-terminus.

3.4 IgE-binding analysis

Eleven clinically characterized patients’ sera (Table 1, Sec-
tion 2) were investigated in their IgE reactivity to peanut
extract. All tested sera showed IgE binding to Ara h 2 and
all but one (patient No. 5) to Ara h 6. Interestingly, the rela-
tive IgE-binding intensities against Ara h 2 and Ara h 6 of
the tested sera do not correspond: For instance, patient
No. 8 reacted strongly with Ara h 2 but only weakly with
Ara h 6 in contrast to patient No. 6 showing weak IgE reac-
tivity to Ara h 2 but stronger IgE binding to Ara h 6 com-
pared to patient No. 8 (Fig. 5A).

After purification of nAra h 6 from peanut extract we ana-
lyzed IgE binding using human sera which were previously
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Figure 4. 2-D PAGE of nAra h 6. 25 lg of nAra h 6 enriched
by gel filtration were analyzed by 2-D PAGE and stained with
Coomassie blue (A) or, after Western blotting, used for immu-
nochemical detection of nAra h 6 (B) applying the specific rab-
bit antiserum. Molecular sizes of marker proteins are indicated
(kDa).

Figure 5. IgE-binding to pea-
nut extract (A) and nAra h 6 (B).
(A) Crude peanut extract (15 lg/
cm) was separated using the
NuPAGETM Bis-Tris gel system.
After Western blotting onto a
PVDF membrane, proteins were
either stained with India Ink (1)
or used for immunochemical
detection applying 11 sera of
peanut allergic patients following
the order of Table 1 (2–12); 2,
JG3; 5, JB5; 12, HF4: 13, IgE
control; 14, mouse anti-human
IgE control; 15, rabbit anti-Ara h
2 (MAP-3); 16, rabbit anti-Ara h
6; 17, goat anti-rabbit IgG con-
trol. Molecular sizes of marker

proteins are indicated (kDa). (B) The purified allergen was separated by 15% SDS-PAGE and transferred to a nitrocellulose mem-
brane. IgE-binding was assessed by applying a 1 :10 dilution of sera from different peanut-allergic patients (lane 1, JG3; lane 2,
HF4; lane 3, JB5). A monoclonal anti-human-IgE antibody was applied for visualization of bound IgE. Molecular sizes of marker
proteins are indicated (kDa).
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characterized according to their IgE binding to peanut aller-
gens recombinantly expressed in E. coli. [16]. As expected
from the previous study, IgE binding to nAra h 6 could not
be detected using serum JB5 (Fig. 5B, lane 3) which
showed likewise no IgE reactivity to rAra h 6. However,
HF4 (lane 2) showed weak and JG3 (lane 1) strong IgE
binding to nAra h 6 confirming identity of the purified
allergen.

3.5 Stability of nAra h 6

It was proposed that the ability of food allergens to reach
the intestinal mucosa is a prerequisite to allergenicity of
food proteins. This necessarily implies stability against
different conditions of the digestive tract. Therefore, aller-
gens may be quite resistant to digestive enzymes and vari-
ous forms of food processing. Firstly, purified Ara h 6 was
incubated with agarose-immobilized pepsin. At different

times samples were withdrawn and analyzed by SDS-PAGE
with subsequent protein staining or Western blot analysis.
Ara h 6 was clearly detected after 120 min of digestion indi-
cating resistance against proteolysis (Fig. 6A). Used as
appropriate control, stability of conalbumin which was
known to be degraded rapidly using simulated gastric fluid
(SGF) [32] was analyzed. As expected, conalbumin was
quickly degraded and only detectable in the control sample
without pepsin (Fig. 6B). After incubation with pepsin for
30 min several fragments became visible by Coomassie
blue staining.

Next, we heated peanut extract in the presence of sugar, but-
ter, and wheat flour as biscuit material for different times at
1808C to simulate a roasting process. Protein extracts of the
biscuits were analyzed by SDS-PAGE. Stability of Ara h 6
and Ara h 2 was assessed by immunochemical detection
using the specific rabbit antisera. To keep the analysis com-
parable equal amounts of protein were analyzed. As shown
in Fig. 7A protein pattern as well as protein content changed
after 15min (lane 2) and 40min (lane 3) of heating compared
with the control sample without heating (lane 1). Western
blot analysis using the specific rabbit sera showed that Ara h
6 (Fig. 7C) as well as Ara h 2 (Fig. 7B) could be detected
after 15 (lane 2) and 40 min (lane 3) of heating indicating
resistance against food processing. Furthermore, both pro-
teinswere detected by IgE-binding using serum from patient
JG3 again indicating clinical relevance of these allergens
(data not shown). As already described (Fig. 2), cross-reac-
tivity of the sera are due to the homology between the
sequences of Ara h 6 and Ara h 2. Nevertheless, both aller-
gens could be clearly identified by Coomassie blue staining
of the protein extract after 40min. Taken together, the results
demonstrate stability of Ara h 6 against pepsin digestion and
heating indicating a resistant conformation that potentially
could promote allergenicity of this protein.
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Figure 6. In-vitro digestibility using immobilized pepsin. Sta-
bility of nAra h 6 (A) and conalbumin (B) was studied by pepsin
digestion, as described in Section 2. At different times (t = 30,
60, 90, 120 min) samples were withdrawn and analyzed by
12% SDS-PAGE with subsequent Coomassie blue staining.
The respective controls (3 lg each lane) without addition of
pepsin are shown (t = 0). Molecular sizes of marker proteins
are indicated (kDa).

Figure 7. Resistance of peanut
proteins against heating. Peanut
extract was heated at 1808C as bis-
cuit material. At different times, bis-
cuits were extracted and the result-
ing protein extracts were analyzed
by gel electrophoresis using the
NuPAGETM Bis-Tris gel system
(15 lg each lane). Proteins were
either stained with Coomassie blue
(A) or, after Western blotting, used
for immunochemical detection apply-
ing Ara h 2 (B) or the Ara h 6 (C)
specific antibodies, respectively.
Lane 1, control without heating; lane
2, after 15 min of heating; lane 3,
after 40 min of heating. Molecular
sizes of marker proteins are indi-
cated (kDa).
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3.6 RBL 25/30 cells

The mediator release experiments (Fig. 8) show allergenic
activity of the purified natural Ara h 6. In comparison with
the release induced by peanut extract, Ara h 6 accounts for
up to 59.2% and 72.0% of the allergenic activity of the pea-
nut extract.

4 Discussion

Because of the severity of allergic reactions to peanuts iden-
tification and molecular characterization of peanut aller-
gens is important for a definite diagnosis. Based on IgE-
binding several proteins have been identified suggesting a
variety of allergenic proteins to be clinically relevant. In
addition to the well-characterized major allergens Ara h 1,
Ara h 2 and Ara h 3 further peanut allergens, namely Ara h
5, Ara h 6 and Ara h 7, were identified and cloned by phage
display technology. As indispensable, but admittedly not
sufficient, prerequisite of clinical relevance of the allergens
their IgE-binding after recombinant expression in E. coli
was shwon [15]. As member of the conglutin family Ara h 6
containing 10 cysteines in its primary structure came into
focus. The aim of this study was further characterization of
this allergen, especially identification of it in peanut extract
as well as purification of natural Ara h 6. Because of the
molecular mass of Ara h 6 deduced from the cDNA clone
we used an optimized gel system which was shown to be
superior to conventional electrophoretic methods for identi-
fying low-molecular-mass hazelnut allergens [24]. IgE-
binding identified several proteins in the expected molecu-
lar mass range. N-Terminal sequencing enabled identifica-
tion of Ara h 6 which exhibited a molecular mass of 15 kDa
as determined by protein gel electrophoresis. Previously, a

15 kDa peanut protein with strong association to severe
allergic reactions against peanuts was described [13]. This
protein was immunochemically detected by 54% of human
sera but not further characterized by biochemical data.
Whether this protein corresponds to Ara h 6 recognized by
IgE from 38% of peanut allergic individuals in our study
remains hence unclear [15]. Burks et al. [10] stated in their
review that less than ten of the peanut proteins were likely
to be clinically relevant. Proteins of less than 20 kDa were
identified by N-terminal sequencing. The authors argued
that each of these allergens was either a fragment or an iso-
form of Ara h 1, Ara h 2 or Ara h 3 suggesting that Ara h 6
recently identified in our laboratory may be an isoform of
Ara h 2 because of 59% amino acid sequence identity.
Despite these homologies we clearly found differences in
the frequency of IgE-binding resulting in classification of
Ara h 6 as minor allergen [15]. These findings could be con-
firmed by investigating more patients’ sera in this study
(Fig. 5A). In contrast to Ara h 2 no consensus sequence for
N-glycosylation (NQS/NQT) could be identified in the
sequence of Ara h 6.

For further characterization we purified natural Ara h 6.
Isolation by gel filtration revealed that this allergen is
copurified with the isoforms of Ara h 2. Anion-exchange
chromatography enabled us to clearly separate Ara h 6 from
Ara h 2. Ara h 6 was detected by the use of a specific rabbit
antiserum. Sequencing of by Edman degradation identified
the N-terminal sequence as MRRERGRQGDSSS. This
sequence is identical to the deduced aa sequence of Ara h 6.
N-Terminal sequencing and immunological detection using
the Ara h 6-specific rabbit serum identified breakdown
fragments of Ara h 6. Whether these fragments naturally
occur in peanut extract or develop during extraction and
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Figure 8. Mediator release from
RBL 25/30. Cells sensitized with
sera of peanut-allergic subjects
(JG3, PEI 163) and a control subject
(PEI 231). Sensitized cells were
challenged with serial dilutions of
peanut (PN) extract (10 lg/mL –
0.1 ng/mL) and purified natural Ara h
6 (1.0 lg/mL – 10 pg/mL).
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purification is not clear yet and has to be investigated in
further experiments. Fragmentation can be explained by
genetic polymorphism which has been described for some
plant seed storage proteins. This may result in variation of
protein sequences and occurrence of isoforms which were
clearly identified for Ara h 6 in this study. However, regard-
less of post-translational processing, IgE-binding character-
istics to mature Ara h 6 are not concerned.

Recently, de Jong et al. [14] described the isolation and
characterization of peanut allergens. The authors published
results of N-terminal sequencing of isolated Ara h 2
although there was only a low degree of similarity to the aa
sequence of Ara h 2 published by Burks [9]. Surprisingly,
the sequence determined by de Jong et al. is identical to the
predicted aa sequence of Ara h 6 [15]. Consequently, the
results published by de Jong et al. characterizing Ara h 2
obviously refer to Ara h 6. However, we were not able to
find two different isoforms with identical N-termini as
would be expected from the data of that paper [14].

N-Terminal sequencing of the purified allergen confirmed
identity of Ara h 6 starting with Met6 of the sequence
deduced from the cDNA (Genbank Acc. No. AF092846). A
signal sequence could not be predicted, suggesting that a part
of the signal peptide is missing. Probably, the five amino
acids AHASA translated from the cDNA are part of a signal
peptide, especially as alanine is present in the positions –3
and –1 relative to the signal peptide cleavage site. This corre-
sponds to results from analysis of cleavage sites indicating a
high probability for occurrence of ASA directly preceding
the postulated cleavage site [25, 26]. Furthermore, the pat-
tern identified in the sequence of Ara h 6 is identical to the
sequence, recently identified for Ara h 2 by Viquez et al.
[27]. The authors cloned full-length ara h 2. Analysis of the
coding sequence revealed a 21 aa signal peptide resulting in
cleavage within the sequence AHASA21zRQQWEL. Addi-
tionally, the same pattern can be found in the aa sequence of
Ara h 7 (Genbank Acc. No. AF091737). According to the
prediction cleavage of the signal peptide probably occurs in
themotifVASA21zTRWDPD.

The allergens Ara h 2, Ara h 6 and 7 belong to the 2S albu-
mins of plant seed storage proteins. These proteins repre-
sent a heterogeneous protein family sharing a common
cysteine skeleton with at least eight conserved cysteine resi-
dues in identical positions [28]. Ara h 6 can be classified as
a conglutin-homologue harboring ten cysteine residues in
the primary sequence. This phenomenon is quite unusual
compared to 2S albumins but not to other storage proteins
in general. Although the number of cysteines is deviating,
the conserved skeleton of eight cysteine residues is also
present. This was also described for other seed storage pro-
teins, e.g., for conglutin-d from lupine with nine cysteines
in the primary sequence. The disulphide structure has been

reported [29]. One cysteine is left unpaired again indicating
the variant types of 2S albumins.

Food allergens and their epitopes may be quite resistant to
digestive enzymes and various forms of technological pro-
cessing. Limited proteolysis of food allergens might
enhance mucosal transport and hence allergenicity [30].
After thermal processing, the peanut allergens Ara h 1 and
Ara h 2 bound higher levels of IgE and were more resistant
to digestion by gastrointestinal enzymes due to increased
allergenicity of the so-called Maillard reaction products
[31]. Therefore, stability of nAra h 6 against proteolysis and
heat processing was investigated. Our results demonstrate
that Ara h 6 is quite resistant to pepsin digestion as well as
to heat treatment and apparently has similar properties as
Ara h 2. It was previously shown that purified Ara h 2 is
resistant to simulated gastric fluid (SGF) after 1 h of incu-
bation [32]. Although constituents of the food matrix could
influence stability, effects caused by food processing and
preparation were not taken into consideration. Neverthe-
less, another study clearly described that digestion of pea-
nut extract by gastric fluid did not significantly reduce IgE
binding, whereas subsequent incubation with pancreatic
enzymes resulted in only weak reduction of reactivity con-
firming stability of peanut proteins under conditions similar
to those in the gastrointestinal tract [33]. Using SGF peanut
proteins A30 kDa including Ara h 1 were degraded and sev-
eral proteins a25 kDa seemed to be resistant to digestion,
probably including Ara h 6. Our findings of stability of Ara
h 6 are further supported by results of digestion experiments
conducted by Sellers et al. [34] who described stability of a
14 kDa peanut protein against pepsin in SGF.

The mediator release experiments from Transfected Rat
basophilic Leukemia (RBL 25/30) cells clearly showed
allergenic activity of the purified natural Ara h 6 and support
our view thatAra h 6 is a putative clinically relevant allergen.
The results presented here indicate that Ara h 6 has unique
properties supporting the difference between the proteins of
the conglutin family of seed storage proteins. Up to now IgE-
binding has been documented after recombinant expression
of these allergens [15, 16]. Purification of nAra h 6 was con-
firmed by IgE-binding using defined patients’sera.

Summarized, in this paper we describe the positive identifi-
cation of the peanut allergen Ara h 6 which exhibits charac-
teristics of a food allergen regarding stability against diges-
tion and thermal processing. Experiments are in progress in
our laboratory to identify IgE-binding epitopes to further
characterize this allergen and to analyze its relevance.
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