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Chapter 1
General Introduction

1.1 Food allergy (Adverse reaction of food)
Abnormal immune response causes food allergy. Food hypersensitivities are
incorporated inside the expansive range of food related sicknesses that may be characterized
as abnormal clinical responses of food component. In general, unfavorable response of food
can influence any person who expends foods however as indicated by the system simulative
symptoms they can recognized in various classification Figure-1.

Figure 1-1: Classification of adverse reaction of foods. Cianferoni A et al.

Allergology

International. 2009: 58, 457-466. DOI: 10.2332!allergolint.09-RAI-0138

The starting point of differentiation they can influence person who do not sustain from any
sickness identified with food. The ingestion of an adequate measure of poison,
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microbiological contaminants or pharmacologically dynamic fixings can to be sure lead to
side effects in everyone. Adverse reaction of food started by some chemical elements such as
histamine, lactose or single protein antigen. There are some large food components such as
lipid or carbohydrate components are most responsible for adverse reaction. Elusion and
physiological intolerance of a certain food and some complicated pathological condition
caused by food allergy. Food hypersensitivity reaction may result of change in the pulse of
human body. Some symptoms such as headache, ulcer, obesity, epilepsy, depression even
multiple sclerosis etc. resulted from food hypersensitivity (1). Finally, some researcher
achievement of books, some article, lecture, meeting and valuable information in the field of
food and digestive allergy (2). The diagnostic of food hypersensitivity in the field of literature
related to food allergies represent a great performance discovery of IgE by Ishizaka and
Johansson (3). Food hypersensitivity refers to response that related with immune system is an
IgE intermediated reaction to appropriate food protein (4).

1.2 Classification of food allergy
Adverse food reaction is a large topic perform any abnormal clinical response
associated with ingestion of a food and they are more classified based on the
pathophysiological mechanism such as food intolerance or food allergy. Food intolerance
describe an adverse physiologic reaction to a food and may be due to natural properties of the
food for example toxic materials, pharmacologic active ingredients. The host characteristics
denotes metabolic disorders, or psychological sickness but not regenerate. Allergic reaction
divided either IgE-mediated or non-IgE mediated. Adverse reaction is known as primary
allergy which is recognized by IgE and cross reaction with related antigen food item known
as another allergic condition, for example fruit-vegetable symptoms (5). Generally, the food
depended exercise induced allergy related to the IgE-mediated allergic condition. Non-IgE
mediated food allergy refers to the food protein induced enterocolitis syndrome added with
some common symptoms such as diarrhea, vomiting and low-pressure condition. Those
situations normally found in children but rarely affect in adult persons (6). Moreover, there
are another condition showed both recognized IgE and non-IgE indirect reaction. Some
symptoms are come out such as gastroenteritis, esophagitis, eosinophilic or eosinophilic
2

proctitis are most common (7). Food with histamine release effect caused by nonimmunologic reaction for example serotonine, tyramine and histamine (8). Different kinds of
food additive such as emulsifiers, colorants and benzoic acid etc (9). One kind of disease such
as gastrointestinal disorders which is caused by ingestion of lactose as well the enzyme
lactase intolerance (10). Some microorganism such as bacteria or fungus affect the toxin
condition of food. Food posing also responsible for adverse reaction of food.

1.3 Spread of food allergy
Populace overviews, which are chiefly acted in children have reasoned that oneself
announced food allergic condition after ingestion of foods are evaluated to be between 1522% (11). The spread of food allergy in the normal people has been calculated about 8% in
children and 1-2% in adult (12). The recent data proved that food allergy affect over around
2%, however under 10% of the common people remain unclear what are the predominance is
expanding (13). Several papers recently reported that most of the young children are highly
affected by spread of peanut allergen (14). Moreover, some studies reported that also IgEsensitization repeatedly to foods which denotes a report for food allergic condition at 10-20%
however a much lower spread IgE mediated food hypersensitivity very low (15). Information
from meta-investigation of various overviews gauge that dairy animals’ milk and tree nuts are
the most well-known allergens in youngsters, vegetables and organic foods products are the
most widely recognized allergens among grown-ups in most of the countries (16). Aside from
the abovementioned, results which are as per information from studies in Australia and
European countries (17). Asian countries which show that shellfish is the most widely
recognized causative food allergen while nut sensitivity is uncommon. Most Asian kids
however, egg and milk sensitivity are the most well-known foods hypersensitivities with
pervasiveness information tantamount to western populaces (18). Branum et al. watched a
pattern with expanding commonness for nourishment sensitivity in kids (19), in any case,
regardless of whether there is a comparable pattern in grown-ups has not been contemplated.
Further, vigorous information with respect to the real predominance of grown-up food
sensitivity is meager. In this manner, the weight of food hypersensitivity in grown-ups could
be significant and fortifies that more information with respect to the commonness of food
3

sensitivity in grown-ups are required. In end we don't obviously have a clue about the definite
commonness of food sensitivity in grown-ups (20). Allergenicity caused by some food
processing and some food preparation. For example, allergenic potential increase from
roasting peanuts while during boiling condition peanuts loss its allergenic condition (21). In
the end there are another essential factor for food hypersensitivity it is cross reacting
allergenic condition. Emergence to pollen can induce respiratory allergenic condition to
pollen but whereas cross reacting allergen food allergy can exhorted as turn out pollen
sensitization for example watermelon, carrots, apple etc. (22).

1.4.

What is adverse reaction of Foods?
There are huge variety of human diet, but a little amount of foods is responsible for

adverse reaction (23). Adverse reaction of food allergen appears class-1 food allergy which is
known as gastrointestinal tract and class-2 food allergy which is known as inhalant. The large
amount of food allergen stimulates the class-1 food allergy which contain protein or
glycoprotein and the molecular weight about 10-70 kDa. All kinds of food allergen contain
the heat stable condition and maximum amount of allergen are protease enzyme treatment
(24). There are different kinds of biological characteristics of allergenic food. For example,
some allergens are enzymatically activated, and some allergen are storage protein. Allergenic
protein also showed regulatory protein and transport protein characteristics. The majority of
plant allergen belong to the cupin and prolamin super families. Some plant allergen showed
function of plant defense activity.

The cupin superfamily contain 7S and 11S storage

protein. 7S as like vicilin, example: Ara h1. 11S as like legumins, example: Ara h3. There are
three classes such as Seeds storage 2S albumin available in tree nuts, lipid transfer protein and
Cereal alpha-amylase are divided from prolamin superfamily (25). Some allergenic protein
which are known as pathogenesis related protein consists of 11-23 amino acid. Those are
involved in the plant resistance to pathogen. Most of the plant food allergen are homologous
to the pathogenesis-related protein (26). Some papers recently reported that epidemiology of
food allergy ascertained a number of challenges affecting the judgement of food allergy
prevalence (27).
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1.5 Peanut allergens and its hypersensitivity
Peanut allergy is the biggest intolerable food allergies, and several allergenic proteins
have been determined from peanut seeds as like Ara h 1~ Ara h 17. Among all peanut’s
allergen Ara h 1, Ara h 2 and Ara h 3 are included vicilin, conglutin, and glycinin seed
stockpiling proteins, individually (28) Ara h 3 and Ara h 4 are almost indistinguishable
subunits and Ara h 6 and Ara h 2 is profoundly homologous structure condition (29). Other’s
peanuts allergen (Ara h 7, Ara h 8, Ara h 9) are not storage protein but involved pollenassociated food allergy (30). High bounty in peanut contain the allergenic protein. Besides,
Ara h 1 and 2 demonstrate protection from heat and enzymatic assimilation (31). Considering
the high allergenic capability of peanut, peanut hypersensitivity has become a genuine general
medical issue, pulling in the consideration of food control offices, food industry and
mainstream researchers. Peanuts carries 25-30% protein and the significant allergen Ara h 1
records for roughly 15% of this total protein content (32). Peanut hypersensitivity is normally
deep rooted and delicate people can happen in manifestations going from a gentle urticaria to
perilous hypersensitivity (33). Also, in the United State of America and in Europe ongoing
investigations indicated that peanut sensitivity is an expanding marvel particularly among
youngster as like children. It has been evaluated that for just 18-25% of young people by early
age food sensitivity settle (34). The most recent assessments of the pervasiveness levels of
peanut sensitivity for children (35). Around 6 years many health organizations reported that
the main causes of death reference are food allergy and food anaphylaxis which are spread
from peanuts (36). Epidemiologic quality of peanut sensitivity may be clarified by general
hereditary and natural factors that are now known to impact nourishment hypersensitivity.
The commonness of peanut sensitivity fluctuates among different countries and seems to be
same condition. Whereas peanut is a generally utilized in food planning and pre-stuffed
groceries, unfavorably susceptible patients are regularly presented to peanut allergens and
lamentably, the yearly frequency pace of unplanned ingestion of peanut was 15% among
school children in north American countries (37). Follow measures of undeclared peanut
present in food items can be dangerous to peanut unfavorably susceptible people. Several
investigations have demonstrated that low measures of peanut protein around 2 mg are
adequate to trigger the goal hypersensitive side effects (38) standing amount of 0.3 mg can be
5

adequate to inspire a mellow, abstract unfavorably susceptible response (39). The maximum
peanut allergenicity, the serious idea of food hypersensitivity and its potentially dangerous
outcomes, the administration of food sensitivity depends intensely on an exacting evasion diet
that must be executed by nourishment unfavorably susceptible people. These food products
and social limitations have therefore a solid effect in the personal satisfaction of unfavorably
susceptible buyers and their parental figures. Hence the treatment of peanut allergy carries
with it essential medical and passionate significance (40).

1.6 Mechanism of Peanut Allergen
The allergenic sickness occurs when immunological reaction against allergenic food is
typically IgE mediated. The peanuts allergen is generally a protein from an ingested food
product or from breathed in dust and sensitization occur when the allergen passes the
lung/skin and encounters the cells of the immune system. The antigen presenting cell (APC)
received peanuts allergen and the allergen is breakdown to peptide in APCs. On the cell
surface APC applied to the Th2 cell through MHC class II molecule. The cytokines IL-4 and
IL-13 produced from Th2-cell which induce for production of Immunoglobulin E (IgE)
antibodies and its specific for peanuts allergen. The discharged IgE tie to Fc receptors on
tissue bound mast cells and on basophils in the course which covered with explicit IgE for
which the individual is sharpened. When identical allergen recognized by IgE on the mast cell
which actuates the mast cell or basophil. At the point when actuated the cell degranulate and
discharge incendiary inflammatory mediators such as various cytokines, protease and
histamine. Peanuts sensitization and the allergic reaction are described in Figure-2.
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Figure 1-2. The
mechanism process
following peanut
allergen exposure.
Adapted from Otsu K,
Dreskin SC. Peanut
allergy: an evolving
clinical challenge.
Discovery medicine.
2011;12(65):319-28.

1.7 A major peanut allergen, Ara h 1
Among these peanut allergens, as described above, the most predominant allergens are
Ara h1 and Ara h2 to which the sera of 70–90% of the patients with peanut allergy respond
(41). Ara h1 consists of three identical N-glycosylated subunits (63 kDa) and accounts for 12–
16% of the total peanut proteins (42,43). The molecular characterization of Ara h1 has nearly
been completed, and two isoforms (clone 41B and clone P17) have been identified and
characterized (44). Ara h1 belongs to the vicilin family of legume seed storage proteins (7S
globulin) and is a bicupin seed storage glycoprotein, which has been identified as a
homotrimer consisting of a 63-66 kDa subunit (45,46). The stable trimeric structure
contributes to its resistance to protease degradation in the human gastrointestinal tract.
Hydrophobic amino acids play a critical role in trimer formation, and these important amino
acids are located at the distal ends, where monomer-monomer interactions occur. It is
believed that the majority of immunoglobulin E (IgE)-binding epitopes are located at these
association sites of the Ara h1 subunit (47). Wichers et al. (48) reported that Ara h1 occurs as
a matured protein (64 kDa) in which the first 84 (clone 41B) and 78 (clone P17) amino acids
are cleaved off from the nascent protein or preprotein in peanut seeds during the maturation
process. The cleaved-off N-terminal peptides carry the epitope(s) against IgEs in patients with
peanut allergy.
7

Burks et al. reported that the epitope that was in the C-terminal end of Ara h 1 (63 kDa)
is in a region that shares significant sequence similarity with vicilins from other legumes (not
allergens). The amino acids important for IgE binding also appear to be conserved in this
region (Figure 1-2 and -3) and may explain the possible cross-reacting antibodies to other
legumes that can be found in sera of patients with a positive double-blind placebo-controlled
food challenge to peanuts. Furthermore, they also found that the epitopes in the N-terminal
portion (amino acids 25-34, 65-74, and 89-98) of the protein, appear to be unique to this
peanut vicilin (allergen) and do not share any significant sequence similarity with vicilins
from other legumes (not allergens). In addition, the amino acids important to IgE binding in
this region are not conserved. These findings suggested that the N-terminal domain specific
for Ara h 1 (63 kDa) may be involved in the onset of peanut allergy; therefore, if a variant
molecule of Ara h1 lacking the N-terminal domain of the mature molecule (63-66 kDa) is
available, it must provide important molecular information regarding allergenicity. However,
a truncated Ara h1 molecule lacking the N-terminal domain, which contains the putative
pathological epitope, has not been prepared or purified thus far.

The arrows show the hydrophobic region and these
regions was believed to be involved in the
oligomerization of Ara h 1. The atoms of the
hydrophobic amino acids are shown in orange.

The Ara h 1 trimer with IgE-binding epitopes 10–22
colored in red, with the rest of the atoms in white.
The majority of the epitopes lie near the areas of
monomer-monomer contact.
S J Maleki , et al. J Immunol. 164, 5844-5849 (2000)

Figure 1-3. 3D modeling of Ara h 1 based on Phaseolin trimer
Phaseolin: the main storage globulin (vicilin) forming trimeric conformation
in the seeds of Phaseolus vulgaris L (43 kDa~54 kDa)

Therefore, in this study, I focused on the biochemical and immunological properties on
the N-terminal region or domain of the 63 kDa Ara h 1. During the purification of Ara h1
using conventional procedures, I succeeded to purify a new variant molecule of Ara h1 (54
kDa) lacking the N-terminal domain (~9 kDa) of the mature Ara h1 molecule (63 kDa),
8

although at this moment it has been obscure whether this truncated type Ara h1 was produced
by a natural processing or artificial cleavage by endogenous protease(s).

In this thesis, I describe the purification and molecular characterization of a new
isoform of Ara h 1, 54 kDa Ara h 1 comparing with the 63 kDa molecule.
In Chapter 2, I describe the purification of the 54 kDa Ara h 1, identification of the Nterminal amino acid sequence, and the analysis of oligomeric structures of 63 kDa Ara h 1
and 54 kDa Ara h 1. Based on the results obtained in these analyses, I found that the Nterminal domain of 63 kDa Ara h 1 has a critical role for multimeric oligomerization of Ara h
1, since the 54 kDa Ara h 1 occurs exclusively as a homotrimer while the 64 kDa Ara h 1
occurs as multimeric conformations such as undecamer, decamer, or nonamer in the native
state.
In Chapter 3, I describe the immunological analyses of the 63 kDa and 54 kDa Ara h 1
molecules using sera from peanut allergy patients. I found that IgEs in sera of the peanut
allergy patients recognized both Ara h 1 molecules at the same level, indicating that the
epitopes are widely distributed on the Ara h 1 molecule in addition to the N-terminal region.
Interestingly, I found that sera from some healthy individuals (not suffering from peanut
allergy) recognized the 54 kDa Ara h 1 molecule but not 63 kDa Ara h 1, suggesting that the
N-terminal domain might contribute to the onset of peanut allergy.
In Chapter 4, I describe the structural analysis of N-glycans linked to both 54 kDa and
63 kDa Ara h 1. Although it has been reported that Ara h 1 caries only one N-glycosylation
site and typical high-mannose type and b1-2 xylosylated N-glycans are linked to the Asn
residue in the C-terminal region (49,50), I analyzed the structures of N-glycans of both Ara h1
molecules to see whether the hydrophobic N-terminal domain of the 63 kDa Ara h 1 affected
the N-glycan processing mechanism. The structural analyses indicated that the structural
features of N-glycans linked to both Ara h 1 molecules are almost the same and both highmannose type and b1-2 xylosylated type N-glycans occur in both Ara h 1. Furthermore, I
demonstrated that the antigenic b1-2 xylosylated N-glycans cannot be a major epitope against
anti-Aha h 1 IgE(s).
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Chapter 2

Purification and characterization of a new isoform of Ara h 1, a major
peanut allergen
Abstract
Peanut allergies are among the most severe food allergies, and several allergenic proteins
referred to as Ara h1-Ara h17 have been identified from peanut seeds. The molecular
characterization of Ara h1 (63 kDa) has almost been completed, and the occurrence of two
homologous genes (clone 41B and clone P17) has been identified. In this study, I found a new
variant of Ara h1 i.e. 54 kDa, in which the N-terminal amino acid sequence was EGREGEQ-,
indicating that the N-terminal domain of 63 kDa Ara h1 had been removed. This new isoform
was obtained from the run-through fraction of hydrophobic interaction chromatography while
63 kDa Ara h1 was tightly bound to the hydrophobic resins, suggesting that the removal of
the N-terminal domain resulted in extreme hydrophilic properties. I found that 63 kDa Ara h1
occurs as higher order homo-oligomeric conformations such as decamer or nonamer, while 54
kDa Ara h1 occurs exclusively as a homotrimer, indicating that the N-terminal domain of the
63 kDa molecule must be involved in higher order oligomerization.
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2.1

Introduction

Peanut allergies are one of the most common food allergies, and many allergenic proteins referred to
as Ara h1-Ara h17 have been identified from peanut seeds (1). The most predominant allergens are
Ara h1 and Ara h2 to which the sera of 70–90% of the patients with peanut allergy respond (1). Ara h1
consists of three identical N-glycosylated subunits (63 kDa) and accounts for 12–16% of the total
peanut proteins (2,3). The molecular characterization of Ara h1 has nearly been completed, and two
isoforms (clone 41B and clone P17) have been identified and characterized (4). Ara h1 belongs to the
vicilin family of legume seed storage proteins (7S globulin) and is a bicupin seed storage glycoprotein,
which has been identified as a homotrimer consisting of a 63-66 kDa subunit (5,6). The stable trimeric
structure contributes to its resistance to protease degradation in the human gastrointestinal tract.
Hydrophobic amino acids play a critical role in trimer formation, and these important amino acids are
located at the distal ends, where monomer-monomer interactions occur.
Burks et al. and Shin et al. (5,6) reported that the N-terminal domain and hydrophobic region on
the trimer of Ara h1 are involved in its allergenicity; therefore, if a variant molecule of Ara h1 lacking
the N-terminal domain of the mature molecule (63-66 kDa) is available, it must provide important
molecular information regarding allergenicity. In previous reports, Ara h1 and other peanut allergens
have been purified by a combination of ion exchange chromatography, gel filtration, and affinity
chromatography after ammonium sulfate fractionation (ASF) (6-9). Furthermore, Masuyama et al.
(10) have developed a simple method to purify Ara h1, Ara h2, and Ara h3 using only the ASF
method. However, a truncated Ara h1 molecule lacking the N-terminal domain, which contains the
putative pathological epitope, has not been prepared or purified thus far. In this study, during the
purification of Ara h1 using conventional procedures, we succeeded to purify a new variant molecule
of Ara h1 lacking the N-terminal domain (~7 kDa) of the mature Ara h1 molecule (63 kDa in this
study). Interestingly, I found that, in the native state, the 63 kDa subunit occurs as higher order
oligomeric structures such as homodecameric conformation, while the 54 kDa subunit occurs
exclusively as a homotrimer, indicating that the N-terminal domain may be involved in the formation
of higher order oligomeric structures.

2.2

Materials and Methods

2.2.1 Materials
16

Peanut seeds (Arachis hypogaea L.) were harvested in Chiba, Japan. Diethylaminoethyl
(DEAE)-cellulose, Sephadex G75, and Sephacryl S-200 were purchased from Amersham
Pharmacia Biotech AB (Upsala, Sweden). The Toyopearl Butyl column was produced by
Tosoh (Tokyo, Japan).

2.2.2 Purification of Ara h 1
All protein purification steps were carried out at 4 ℃. The protein concentration was
determined by measuring the absorbance at 280 nm with bovine serum albumin (BSA) as the
standard.

Step 1. Preparation of crude extract
Peanut seeds (970.0 g) were homogenized in acetone. The resulting defatted powder
(548.7 g) was suspended in 5 L of 50 mM Tris-HCl buffer (pH 8.3) containing 0.2 M NaCl
and stirred at 4 ℃ for several hours. The mixture was then filtered through two layers of
gauze and centrifuged at 17,390 × g for 20 min. The supernatant was saturated with 100%
ammonium sulfate. Half of the precipitated protein was dissolved in a small amount of 25
mM Tris-HCl buffer (pH 7.8) containing 50 mM NaCl and dialyzed against the same buffer.

Step 2. DEAE-cellulose column chromatography
The crude extract (465 mL) was loaded onto a DEAE cellulose column (4 × 39 cm)
previously equilibrated with 25 mM Tris-HCl buffer. The run-through fraction containing the
major peanut allergen Ara h1 with a molecular mass of approximately 63 kDa was pooled as
shown in Fig. 2.1 and saturated with 100% ammonium sulfate.

Step 3. Gel filtration through the Sephadex G75 column
The precipitate obtained in Step 2 was dissolved in 25 mM Tris-HCl buffer (pH 7.8)
containing 0.1 M NaCl and dialyzed against the same buffer. The resulting protein solution
(75 mL) was loaded onto the Sephadex G75 column (6.2 × 115 cm) previously equilibrated
with the same buffer. A fraction containing Ara h1 (the horizontal bar in Fig. 2.2) was
collected.
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Step 4. Butyl-Toyopearl column chromatography
Solid ammonium sulfate (1.5 M final concentration) was added to the protein solution
(200 mL). The resulting protein solution was loaded onto the Butyl-Toyopearl column (4 × 39
cm) previously equilibrated with 25 mM Tris-HCl buffer (pH 7.8) containing 1.5 M
ammonium sulfate. After washing the column with the same buffer, the adsorbed proteins
were eluted with a linear gradient (1.5-0 M) of ammonium sulfate in the same buffer. Five
fractions (as shown in Fig. 2.3) were collected and saturated with 100% ammonium sulfate.
After centrifugation, each fraction was dialyzed against deionized water and lyophilized.

2.2.3 Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE)
SDS-PAGE was carried out according to the method described by Laemmli et al. (11)
on 15% acrylamide gel in 0.1 M Tris-glycine buffer using a slab gel apparatus under reducing
conditions with 5% 2-methanol. Precision Plus ProteinTM Standards (Bio-Rad) were used as
the marker proteins for molecular mass determination (250 kDa, 150 kDa, 100 kDa, 75 kDa,
50 kDa, 37 kDa, 25 kDa, and 15 kDa). The proteins on the gel were stained with Coomassie
Brilliant Blue R-250.

2.2.4 N-terminal amino acid sequence
The proteins on the gel were transferred to Amersham Hybond-P polyvinylidene
fluoride (PVDF) membranes (GE Healthcare, Pittsburgh, PA, USA) for 1 h at 100 mA on a
blotting system (Nihon Eido Co. Ltd., Japan) using blotting buffer (0.1 M Tris, 0.192 M
glycine, and 5% methanol). The membrane was stained with Coomassie Brilliant Blue R-250
and used for analysis of the N-terminal amino acid sequence with a PPSQ-31A protein
sequencer (Shimadzu, Kyoto, Japan).

2.2.5 Analysis of the Ara h1 oligomer native molecular weights by gel filtration
The lyophilized proteins (F-1 and F-3) obtained in Step 4 were dissolved in 25 mM TrisHCl buffer (pH 7.8) containing 0.1 M NaCl. Each fraction was loaded onto a Sephacryl S-200
column (2 × 105 cm) previously equilibrated with the same buffer at a flow rate of 0.7
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mL/min. Standard proteins, including thyroglobulin (669 kDa), ferritin (440 kDa), aldolase
(158 kDa), BSA (67 kDa), and ovalbumin (44 kDa), were used to estimate the native
molecular masses of the Ara h1 oligomers.

2.2.6 Multiple sequence alignment
A multiple sequence alignment was generated using CLUSTALW
(https://www.genome.jp/tools-bin/clustalw).

2.3

Results and Discussion

2.3.1 Identification of 54 kDa Ara h1, a new subunit of the common peanut allergen
The variants of Ara h1 were purified from peanut seeds using a combination of ionexchange chromatography, gel filtration, and hydrophobic interaction chromatography (Fig.
2.3). As shown in Fig. 2.3, five fractions (F-1, -2, -3, -4, and -5) were obtained by
hydrophobic interaction chromatography. Since F-4 and F-5 contained unknown browncolored materials and some proteins other than 63 kDa Ara h1 with very low yields, we used
F-1, F-2, and F-3 in the following experiments (approximately 10 - 40 mg yield). As shown in
Fig. 2.4, SDS-PAGE showed that F-1 contained the 54 kDa protein, F-2 contained both the 54
kDa and 63 kDa (Ara h1) proteins, and F-3 contained the 63 kDa (Ara h1) protein. The Nterminal amino acid sequences of each protein band are shown in Supplementary Table 2.1.
The N-terminal sequence of the 63 kDa protein in F-1 and F-2 was R-S/H-P-P-G-E-R-,
suggesting that two Ara h1 molecules encoded by two clone P41B and clone P17 genes are
present in F-1 (4). In contrast, the N-terminal sequence of the 54 kDa protein in F-1 and F-2
was E-G-R-E-G-E-Q-, suggesting that this 54 kDa protein resulted from proteolysis of the 63
kDa Ara h1 (Fig. 2.5) and that it is a novel subunit of Ara h1 with hydrophilic properties that
has not been reported to date. These results suggest that the removal of the N-terminal domain
(~7 kDa) contributes significant hydrophobic properties to the 63 kDa molecule.

2.3.2 Oligomerization of 54 kDa Ara h1 and 63 kDa Ara h1
Since Ara h1 has been reported as a homotrimer (6,12), we analyzed the native and
oligomeric structures of the 54 kDa Ara h1 subunit to determine whether the N-terminal
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domain of 63 kDa Ara h1 plays a critical role in trimer formation. The oligomeric structures
of the two Ara h1 subunits were analyzed by gel filtration using a Sephacryl S-200 column.
As shown in Fig. 2.6, the elution profile of 54 kDa Ara h1 showed a single peak (peak-1) with
a molecular mass of approximately 170 kDa, suggesting that the 54 kDa subunit occurs as a
trimeric conformation in a native state. In contrast, the elution profile of 63 kDa Ara h1 was
observed as a broad peak (peak-2). Although the molecular mass of the peak top was
estimated to be approximately 640 kDa, which corresponds to a decameric conformation, the
broad peak may consist of some other different oligomeric conformations, such as a
undecamer or nanomer. These results demonstrate that the 63 kDa subunit occurs as higher
order oligomeric conformations in addition to the trimeric structure (found as a small shoulder
in Fig. 2.6-2) in its native state, corroborating previous reports (8,9) and suggesting that the
hydrophobic N-terminal domains of the 63 kDa Ara h1 subunit may enhance multioligomerization while the hydrophilic 54 kDa Ara h1 subunit mainly occurs as a trimeric
oligomer in its native state due to the missing N-terminal domain from the 63 kDa subunit.

2.4 Conclusion
I purified and characterized a new variant molecule of Ara h1 with a molecular mass of 54
kDa by a combination of ion-exchange chromatography, gel-filtration, and hydrophobic
interaction chromatography. The 54 kDa Ara h1 was purified in the run-through fraction of
the hydrophobic chromatography indicating the hydrophilic nature, while the 63 kDa Ara h1
bound to the hydrophobic resins. The N-terminal amino acid sequence of the 54 kDa Ara h1
was EGREGEQ-, indicating that the N-terminal domain of 63 kDa Ara h1 had been removed.
When I analyzed the oligomeric structure of both Ara h1 molecules (54 kDa and 63 kDa) in
the native state by a gel-filtration, I found that 63 kDa Ara h1 occurs as higher order
oligomeric conformations (undecameric, decameric, or nonameric conformations) in addition
to homotrimers, while 54 kDa Ara h1 occurs exclusively as a homotrimer, indicating that the
N-terminal domain of the 63 kDa molecule may be involved in higher order oligomerization.
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Figure 2.1. Partial purification profile of peanut allergen Ara h1, using DEAE-cellulose
chromatography.
The crude extract (465 mL) was loaded onto a DEAE cellulose column (4.0 × 39 cm)
previously equilibrated with 25 mM Tris-HCl buffer (pH7.8) containing 50 mM NaCl. After
washing the column with the same buffer, proteins were eluted with 25 mM Tris-HCl buffer
(pH7.8) containing 0.1 M NaCl, 0.2 M NaCl, 0.5 M NaCl, and 1.0 M NaCl. The protein
fractions indicated using the horizontal bar were pooled for the further steps.
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Figure 2.2. Partial purification profile of peanut allergen Ara h1, using gel-filtration.
The Sephadex G75 column (6.2 × 115 cm) was developed with 25 mM Tris-HCl buffer (pH
7.8) containing 0.1 M NaCl. The protein fractions indicated by a horizontal bar were pooled
for the final purification using a butyl-hydrophobic chromatography.
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Figure 2.3. Purification of Ara h1 using hydrophobic interaction chromatography
The Ara h1 partially purified by DEAE cellulose chromatography and gel-filtration was
loaded onto the Butyl-Toyopearl column (4.0 × 39 cm) previously equilibrated with 25 mM
Tris-HCl buffer (pH 7.8) containing 1.5 M ammonium sulfate. After washing the column with
the same buffer, the adsorbed proteins were eluted by the linearly decrease of ammonium
sulfate concentration from 1.5 M to 0 M in the same buffer. Four protein fractions indicated
using the horizontal bar were pooled separately.
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Figure 2.4. SDS-PAGE of the purified Ara h1 subunit.
Proteins in for fractions (F-1, -2, -3, and -4) were analyzed using SDS-PAGE with 15%
polyacrylamide gel and were stained with CBB R-250. M, Marker proteins (Precision Plus
ProteinTM Standards, Bio-Rad, 250 kDa, 150 kDa, 100 kDa, 75 kDa, 50 kDa, 37 kDa, 25 kDa,
and 15 kDa).
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Figure 2.5. Sequence alignment of Ara h1 encoded by two homologous genes: clone P17
and P41B.
Sequence alignment was performed using the ClustalW program. The N-terminal sequence of
63 kDa Ara h1 was R-H/S-P-P-G-E-R-. 54 kDa Ara h1 was E-G-R-E-G-E-Q-. The consensus
sequence for N-glycosylation, -NAS-, was indicated using the horizontal double bar.
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Figure 2.6. Gel-filtration analysis of native conformation of the 54 kDa (F-1) and 63 kDa
(F-3) subunits.
A, an elution profile for the 54 kDa Ara h1 purified in Fig. 2. B, an elution profile for the 63
kDa Ara h1. Gel-filtration profile on Sephacryl S-200 column (2 × 105 cm). The column was
developed with 25 mM Tris-HCl buffer (pH 7.8) containing 0.1 M NaCl at a flow rate of 0.7
mL/min. The marker proteins used were as follows: (a) thyroglobulin (669 kDa); (b) ferritin
(440 kDa); (c) aldolase (158 kDa); (d) BSA (67 kDa); and (e) ovalbumin (44 kDa).
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Supplementary Table 2.1. N-Terminal amino acid sequences of 63 kDa and 54 kDa Ara h 1
subunits found in each fraction obtained by the hydrophobic interaction chromatography
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Chapter 3

The allergenic specificities of 54 kDa and 63 kDa isoforms of Ara h 1

Abstract
When antisera from peanut-allergic patients were treated with both the Ara h1
molecules, the immunoglobulin E (IgE) antibodies in these sera reacted with each Ara h1
molecule, suggesting that the C-terminal as well as the N-terminal domains of Ara h1
contribute significantly to the epitope formations of this peanut glycoallergen.
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3.1

Introduction
It is believed that most immunoglobulin E (IgE)-binding epitopes are located at the association

sites of the Ara h1 subunit (13). Wichers et al. (12) reported that Ara h1 occurs as a protein (64 kDa)
in which the first 84 (clone 41B) and 78 (clone P17) amino acids are cleaved off from the nascent
protein or preprotein in peanut seeds during the maturation process. The cleaved-off N-terminal
peptides carry the epitope(s) against IgEs in patients with peanut allergy.
Burks et al. (5) identified 23 IgE-binding epitopes on the full-length Ara h1 subunit (clone
P418). Nine out of twenty-three epitopes were located in the N-terminal region on the full-length
subunit, A (25)-R (152), containing the N-terminal domain of the 63 kDa subunit, R (85)-S-P-P-G-ER---I-R-P (149) as shown in Fig. 3. Since Gibbs et al. (14) reported that the amino acid sequence of
the 63 kDa subunit N-terminal region is unique to this peanut vicilin and does not share significant
similarity with vicilins from other legumes, it appears that the N-terminal domain may play a
significant role in the high allergenicity of 63 kDa Ara h1. However, Burks et al. (5) also found some
epitopes in the internal portion, T(294)-V(470), and the C-terminal portion, R(498)-D(606), of the 63
kDa subunit.
However, it is obscure whether these epitopes occur on the surface of these 54 kDa and 63 kDa
Ara h1 molecules but not petide-fragments. In this chapter, therefore, I compared the allergenicity or
IgE-binding activity between the 54 kDa and 63 kDa Ara h1 molecules with sera from peanut allergy
patients and healthy individuals.

3.2

Materials and Methods

3.2.1 Sera from patients with peanut allergy
Nine patients and 12 healthy subjects were selected on the basis of a convincing clinical
history of peanut allergy at the Aichi Children’s Health and Medical Center. This study was
approved by the institutional ethics committees at the Aichi Children’s Health and Medical
Center (approval number: 2019100) and the Okayama University Graduate School of
Medicine, Dentistry, and Pharmaceutical Sciences and Okayama University Hospital
(approval number: KEN1912-021).
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3.2.2 Immunoblotting
After SDS-PAGE (12% gel) of two species of Ara h1 (63 kDa and 54 kDa;
approximately 2 µg), the proteins in the gels were transferred onto a PVDF membrane as
described in section 2.4. The membrane was blocked with 1% BSA in 20 mM Tris-HCl buffer
(pH 7.5) containing 0.1M NaCl and 0.05% Tween-20 (TTBS) at 4 ℃ for 24 h. After washing
with TTBS, the membrane was probed with sera from patients with peanut allergies at a 1:20
dilution in TTBS at 4 ℃ for 24 h. After washing with TTBS, the membrane was probed with
a KPL peroxidase-labeled antibody to human IgE (ε) (SeraCare, Milford, MA, USA) at a
1:10000 dilution in TTBS for 1 h at room temperature. The IgE-Ara h1 complex was detected
with Amersham ECL SELECT™ detection reagent (GE Healthcare Life Sciences, Little
Chalfont, UK) according to the manufacturer’s protocol.

3.3

Results and Discussion

3.3.1 Immunoblot analysis of the 54 kDa and 63 kDa subunits of Ara h1 with antisera from
patients with peanut allergy
To determine the immunological significance of the N-terminal domain in the 63 kDa Ara h1
subunit, we compared the allergenicities of the 54 kDa and 63 kDa Ara h1 subunits by
immunoblotting analysis using antisera from nine patients with peanut allergy after SDS-PAGE.
Typical examples are shown in Fig.5; A-1 and -2 for peanut allergy patients, B-1 and -2 for healthy
individuals. The analysis showed that the IgEs in sera of all nine patients strongly reacted to both
subunits of Ara h1 (Fig.5A-1, -2), indicating that the deletion of the 63 kDa molecule N-terminal
domain exerts an insignificant effect on allergenicity. Although the SDS-PAGE analysis indicated that
F-3 contained the 63 kDa Ara h1 only as shown in Fig.2B, both sera from peanut allergy patients and
healthy individuals recognized the 54 kDa Ara h1 in F-3, indicating the trace amount of a
contamination of the 54kDa molecule that could not be detected by the Coomassie brilliant blue
staining. On the other hand, interestingly, some sera from healthy individuals slightly reacted with the
54 kDa Ara h1 (Fig. 5B-1, -2) but not 63 kDa Ara h1, suggesting that they carried the IgE(s) reacting
with epitope(s) on the 54 kDa molecule. These observations might suggest that the epitope(s) on the
N-terminal domain of the 63 kDa Ara h1 might be relevant to severe peanut allergy symptoms. To
verify this hypothesis, further detail analyses using many more sera from peanut allergy patients and
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healthy individuals must be prerequisite. At least, however, these results indicated that the epitopes for
IgEs against the Ara h1 molecules occur on several portions of both subunits in addition to the Nterminal domain of the 63 kDa subunit, although it is obscure whether all IgEs recognizing the Ara h1
molecules in sera are significantly involved in the development of peanut allergy.
Burks et al. (5) identified 23 IgE-binding epitopes on the full-length Ara h1 subunit (clone
P418). Nine out of twenty-three epitopes were located in the N-terminal region on the full-length
subunit, A (25)-R (152), containing the N-terminal domain of the 63 kDa subunit, R (85)-S-P-P-G-ER---I-R-P (149) as shown in Fig. 3. Since Gibbs et al. (14) reported that the amino acid sequence of
the 63 kDa subunit N-terminal region is unique to this peanut vicilin and does not share significant
similarity with vicilins from other legumes, it appears that the N-terminal domain may play a
significant role in the high allergenicity of 63 kDa Ara h1. However, Burks et al. (5) also found some
epitopes in the internal portion, T(294)-V(470), and the C-terminal portion, R(498)-D(606), of the 63
kDa subunit. It is thus reasonable to assume that recognition of the 54 kDa subunit by Ig Es in the sera
of peanut-allergic individuals was due to the presence of certain epitopes in the internal or C-terminal
portions, although the respective roles of these epitopes in peanut allergy symptoms remain unclear.
Furthermore, Eiwegger et al. (15) reported that the gastro-duodenal digestion products (6-19 kDa
fragments) of Ara h1 retain allergenic potential, suggesting that relevant epitopes occur widely on the
Ara h1 molecule.

3.4

Conclusion

In Chapter 3, to determine the immunological significance of the N-terminal domain in the 63
kDa Ara h1 subunit, I compared the allergenicities of the 54 kDa and 63 kDa Ara h1 subunits
by immunoblotting analysis using antisera from nine patients with peanut allergy after SDSPAGE. The analysis showed that the IgEs in sera of all nine patients strongly reacted to both
subunits of Ara h1, indicating that the deletion of the 63 kDa molecule N-terminal domain
exerts an insignificant effect on allergenicity. These results indicate that the relevant epitopes
for IgEs against the Ara h1 molecules occur on several portions of both subunits in addition to
the N-terminal domain of the 63 kDa subunit.
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Figure 3.1. Immunoblot analysis of the 54 kDa subunit (F-1) and 63 kDa subunit (F-3).
Immunoblotting using sera from nine patients with peanut allergy was performed as described in
the Materials and Methods section. A, typical examples with sera from two patients with severe peanut
allergy. B, typical examples with sera from two healthy individuals (with no peanut allergy).
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Supplementary Figure 3.1. Immunoblotting using serum from nine patients with
peanuts allergy
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Supplementary Figure 3.2. Immunoblotting using serum from 12 subjects without
peanuts allergy

It is noteworthy that IgEs in all sera from nine healthy individuals reacted with the 54 kDa
Ara h1 but the reactivities towards 63 kDa were not strong.
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Chapter 4

Structural analysis of N-glycans linked to 54 kDa and 63 kDa isoforms of
Ara h 1
Abstract
In this chapter, I analyzed the structural features of both 54 kDa and 63 kDa Ara h1, since the Nglycosylation site exists on the C-terminal region and 54 kDa Ara h1 must be glycosylated. I
investigated whether the N-terminal domain affects the N-glycan processing by comparing the
structural features of two Ara h 1 molecules. The structural features of N-glycans linked to the 54 kDa
and 63 kDa subunits and presence of both b-xylosylated type (Man3XylGlcNAc2 and

Man4XylGlcNAc2) and high-mannose type (Man4GlcNAc2, Man5GlcNAc2, and Man6
GlcNAc2) were nearly the same, indicating that the N-terminal domain deletion had an insignificant
effect on the processing or maturation of N-glycans.
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4.1

Introduction
It has been reported that many allergens obtained from plant materials are glycosylated and

carry the plant specific N-glycans containing a1-3 fucosyl and/or b1-2 xylosyl residues (16-20).
Furthermore, it has been believed that such plant specific N-glycans have strong antigenicity against
mammals and some IgEs against these N-glycans have been found in human sera (16).
Ara h1 has a single N-glycosylation site to which both antigenic b1-2 xylosylated N-glycans and
non-antigenic high-mannose type N-glycans are linked (16,17). Although the structural feature of the
63 kDa Ara h1 have already been reported to date, in this chapter, I analyzed and compared the
structural features of N-glycans in both the 63 kDa and 54 kDa Ara h1 molecules to see whether the
removal of N-terminal domain from 63 kDa Ara h1 affected the N-glycan processing.
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4.2

Materials and Methods

4.2.1 Materials
The Sephadex G-25 Superfine column was manufactured by GE Healthcare Japan (Tokyo,
Japan). The Shodex Asahipak NH2P-50 4E column (0.46 x 25 cm) was developed by Showa
Denko (Tokyo, Japan). The Cosmosil 5C18-AR-Ⅱ column (0.6 x 25 cm) was produced by
Nacalai Tesque (Kyoto, Japan). Authentic PA-sugar chains (M1, MX, M3X, M4, M4X, M5,
and M6) were prepared as described in our previous papers (18-20). PNGase F PRIME™
Glycosidase was purchased from N-Zyme Scientifics, LLC (Doylestown, PA, USA). Ginkgo
b1,2-xylosidase was prepared from Ginkgo biloba seeds as described previously (21).

4.2.2 PNGase F digestion
According to the instruction manual, freeze-dried proteins (100 μg each) were dissolved
in 22 μL of 1X phosphate-buffered saline (PBS). The proteins were denatured by boiling for
10 min in the presence of 5% SDS (2 μL) under reduced conditions with 1 M DTT (2 μL).
After the addition of 10% SF-40 (4 μL), half of the samples (15 μL) were digested with 1000
units of recombinant PNGase F PRIME Glycosidase at 37 ℃ for 1 h.

4.2.3 Preparation of pyridylaminated N-glycans
The N-glycans of glycoproteins were released by hydrazinolysis at 100 ℃ for 10 h. The
resulting oligosaccharides were N-acetylated and labeled with 2-aminopyridine (PA)
according to the method of Natsuka and Hase (22).

4.2.4 Purification of pyridylaminated N-glycans
The PA-labeled oligosaccharides were separated by RP- and SF-HPLC on a Jasco
2080-PU HPLC instrument equipped with a Jasco 920-FP Intelligent Spectrofluorometer
(excitation 310 nm, emission 380 nm). For RP-HPLC using the Cosmosil 5C18-AR-Ⅱ
column (0.6 × 25 cm), the PA-labeled oligosaccharides were eluted by increasing the
acetonitrile concentration in 0.02% TFA linearly from 0 to 7% over 40 min at a flow rate of
1.2 mL/min. For SF-HPLC using the Shodex Asahipak NH2P-50 column (0.46 × 25 cm),
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the PA-labeled oligosaccharides were eluted by increasing the water content in the wateracetonitrile mixture from 26% to 50% linearly over 40 min at a flow rate of 0.7 mL/min.

4.2.5 Exoglycosidase digestions
Digestion of Jack bean α-mannosidase (13.2 U) was performed in 130 μL of 0.1 M
sodium acetate buffer (pH 4.5) containing 10 mM ZnSO4 at 37 ℃ for 48 h. Digestion with
partially purified Ginkgo β-1,2-xylosidase (1.0 mg) (21) was performed in 280 μL of 0.1 M
sodium acetate buffer (pH 4.5) at 37 ℃ for 24 h. The reaction was stopped by heating in a
boiling water bath for 3 min, and the digestion contents were analyzed by SF-HPLC and ESIMS.

4.2.6 Electrospray ionization (ESI) mass spectrometry (MS)
LC/MS and MS/MS analyses of PA-labeled oligosaccharides were performed using the
Agilent 6500 series HPLC-Chip/QTOF-MS system (Santa Clara, CA, USA) equipped with
a microwell-plate auto sampler (maintained at 10 °C), a capillary sample loading pump, a
nanopump, an HPLC-Chip interface, and the Agilent 6520 Q-TOF LC/MS system as
described previously (23,24). The Agilent porous graphitized carbon (PGC) chip was used to
separate the PA-labeled sugar chains.

4.3

Results and Discussion

4.3.1 Structural analysis of N-glycans in the Ara h1 variants
Although it has already been reported that the both b-xylosylated immunogenic type
and typical high-mannose type N-glycans are linked to Ara h1 (63 kDa subunit in this study)
(16,17), we analyzed those of the 54 kDa subunit to determine whether the deletion of the N-

terminal domain affects N-glycan processing. When both Ara h1 subunits were treated with
PNGase F, the apparent molecular weights of both subunits decreased slightly, indicating the
presence of N-glycans (Supplementary Fig. 4.1). Hence, we released quantitatively these Nglycans from both Ara h1 subunits by hydrazinolysis, and the resulting free N-glycans were
N-acetylated and pyridylaminated. The PA-labeled N-glycans were fractionated by RP-HPLC
and pooled as shown in Fig. 4.1. The structures of these N-glycans were analyzed by SF38

HPLC, exoglycosidase digestion, and MS and MS/MS analysis. Since the structural analyses
of N-glycans from both subunits presented roughly the same results, the data for the 54 kDa
subunit are described below in detail. As shown in Fig. 4.2-1, five peaks (peak-a, -b, -c, -d,
and -e) were detected by SF-HPLC. The elution position of peak-a coincided with that of
Man3Xyl1GlcNAc2-PA (M3X), peak-b with that of Man4GlcNAc2-PA (M4), peak-c with that
of Man4Xyl1GlcNAc2-PA (M4X), peak-d with that of Man5GlcNAc2-PA (M5), and peak-e
with that of Man6GlcNAc2-PA (M6). When these PA-glycans were treated with Jack bean amannosidase, they were converted to two peaks (f and g); peak-g had the same elution
position as Man1Xyl1GlcNAc2-PA (MX), and peak-f corresponded to Man1GlcNAc2-PA
(M1) (Fig. 4.2-2). Peak-g was converted to peak-f by Ginkgo b-1,2-xylosidase (21) (Fig. 4.23), indicating that the N-glycans linked to the 54 kDa Ara h1 subunit are typical highmannose type and b-xylosylated type N-glycans.
The deduced structures of the five PA-glycans (peak-a, -b, -c, -d, and -e) were further
analyzed by LC/MS and MS/MS using the Agilent 6500 Series HPLC-Chip/QTOF-MS
system. As shown in Supplementary Fig. 4.2, ESI-MS analysis of peak-a exhibited an Nglycan ion at m/z 1121.4 [M + H]+ corresponding to [(Hex)3(Pen)1(HexNAc)1(HexNAc-PA) +
H]+ or M3X; peak-b, m/z 1151.4 corresponding to [(Hex)4(HexNAc)1(HexNAc-PA) + H]+ or
M4; peak-c, m/z 1283.5 [M + H]+ corresponding to [(Hex)4(Pen)1(HexNAc)1(HexNAc-PA) +
H]+ or M4X; peak-d, m/z 1313.5 [M + H]+corresponding to [(Hex)5(HexNAc)1(HexNAc-PA)
+ H]+ or M5; and peak-e, m/z 1475.5 [M + H]+ corresponding to [(Hex)6(HexNAc)1(HexNAcPA) + H]+ or M6. In MS/MS analysis of these PA-glycans (peak-a, -b, -c, -d, and -e), all
produced fragment ions were assigned as product ions from each putative N-glycan structure
as shown in Supplementary Fig. 4.3. Although all fragment ions from peak-b, -d, and -e were
assigned as typical fragment ions from the high-mannose type N-glycans, a fragment ion at
m/z 959.4 was observed from peak-a and -c, indicating the occurrence of a pentose (xylose)
residue. The structural features of N-glycans from the 54 kDa and 63 kDa Ara h1 subunits are
nearly the same. As shown in Scheme, the N-glycan structures of both subunits purified in
this study were in agreement with those reported in previous studies (16,17), although a small
amount of the Man4GlcNAc2 structure was newly discovered in this study. These results
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suggest that removal of the N-terminal domain has an insignificant effect on N-glycan
processing machinery.

4.4

Conclusion
In Chapter 4, although it has already been reported that the both b-xylosylated

immunogenic type and typical high-mannose type N-glycans are linked to the 63 kDa Ara h1
molecule at Asn (516 for P17, 521 for P41B), we analyzed the structures of N-glycans of the
54 kDa subunit to determine whether the deletion of the N-terminal domain affects N-glycan
processing. The structural analyses demonstrated that both Ara h 1 molecules carry the bxylosylated immunogenic type (Man4Xyl1GlcANc2, Man3Xyl1GlcNAc2) and typical highmannose type N-glycans (Man6GlcNAc2, Man5GlcNAc2, and Man4GlcNAc2) at almost equal
proportion, indicating that the cleavage of the N-terminal domain had an insignificant effect
on N-glycan processing in the Golgi apparatus.
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Figure 4.1. Structural analysis of N-glycans linked to 54 kDa and 63 kDa
Ara h1.
RP-HPLC profile of the pyridylaminated (PA-) sugar chains. The N-glycanfraction was pooled, as indicated using the horizontal bars, and was applied to
SF-HPLC.
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3
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Figure 4.2. Structural analysis of N-glycans linked to 54 kDa and 63 kDa Ara h1.
A, RP-HPLC profile of the pyridylaminated (PA-) sugar chains. The N-glycan-fraction was
pooled, as indicated using the horizontal bars, and was applied to SF-HPLC. B, SF-HPLC
analysis of the exoglycosidase-digests of the pyridylaminated N-glycans obtained in A. 1, PAsugar chains prepared from 54 kDa Ara h1. 2, Jack bean a-mannosidase digest of 1. 3.
Ginkgo β-xylosidase digest of 2. The pyridyl aminated N-glycans obtained in A were
successively digested with Jack bean α-mannosidase and Ginkgo β-xylosidase (21). The
results obtained from 54 kDa Ara h1 are shown as a typical example.
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Scheme Structural features of N-glycans linked to the 54 kDa and 63 kDa Ara h1
subunits.
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PNGase F

Manα1-3Manα1-6Manβ1-4GlcNAcβ1-4GlcNAc-Asn
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Denatured
glycoproteins
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kDa

M
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175
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58
46
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25

Supplementary Fig. 4.1 SDS-PAGE of 54 kDa Ara h1 (F-1) and 63 kDa Ara g 1 (F-3) in
Fig. 2 digested with PNGase F.
Proteins in F-1 and F-3 were digested with (+) or without (-) PNGase F and separated using
SDS-PAGE with 12% polyacrylamide gel and stained using Coomassie brilliant blue R-250.
M, Marker proteins.
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Supplementary Fig. 4.2. LC/MS analysis of PA-sugar chains.
A, MS-analysis of M3X in peak-a. B, MS-analysis of M4 in peak-b. C, MS-analysis of M4X
in peak-c. D, MS-analysis of M5 in peak-d. E, MS-analysis of M6 in peak-e. F, MS-analysis
of M1 in peak-f.
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Supplementary Fig. 4.3. MS/MS analysis of PA-sugar chains.
A, MS/MS analysis of N-glycan ions m/z 1121.4 [M+H]+; B, m/z 1151.4 [M+H]+; C, m/z
1283.5 [M+H]+; D, m/z 1313.5 [M+H]+; E, m/z 1475.5 [M+H]+; F, m/z 665.3 [M+H]+.
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Supplementary Table 4.2.

MS/MS analysis of five N-glycans from 63 kDa

and 54 kDa Ara h 1 subunits

Peak a (Man3Xyl1GlcANc2-PA)
[HexNAc-PA+H]+
[(HexNAc2-PA)+H]+
[(Hex)1(HexNAc2-PA)+H]+
[(Hex)2(HexNAc2-PA)+H]+
[(Pen)1(Hex)2(HexNAc2-PA)+H]+
[(Hex)3(HexNAc2-PA)+H]+
[(Pen)1(Hex)3(HexNAc2-PA)+H]+

m/z
300.2
503.2
665.3
827.3
959.4
989.4
1121.4

Peak b Man4GlcNAc2-PA
[HexNAc-PA+H]+

m/z
300.2

[(HexNAc2-PA)+H]+
[(Hex)1(HexNAc2-PA)+H]+
[(Hex)2(HexNAc2-PA)+H]+

503.2
665.3
827.3

[(Hex)3(HexNAc2-PA)+H]+
[(Hex)4(HexNAc2-PA)+H]+

989.4
1151.4

Peak c (Man4Xyl1GlcNAc2-PA)
[HexNAc-PA+H]+
[(HexNAc2-PA)+H]+
[(Hex)1(HexNAc2-PA)+H]+
[(Hex)2(HexNAc2-PA)+H]+
[(Pen)1(Hex)2(HexNAc2-PA)+H]+
[(Hex)3(HexNAc2-PA)+H]+
[(Pen)1(Hex)3(HexNAc2-PA)+H]+
[(Hex)4(HexNAc2-PA)+H]+
[(Pen)1(Hex)4(HexNAc2-PA)+H]+

Peak d (Man5GlcNAc2-PA)
[HexNAc-PA+H]+
[(HexNAc2-PA)+H]+
[(Hex)1(HexNAc2-PA)+H]+
[(Hex)2(HexNAc2-PA)+H]+
[(Hex)3(HexNAc2-PA)+H]+
[(Hex)4(HexNAc2-PA)+H]+
[(Hex)5(HexNAc2-PA)+H]+
Peak e (Man6GlcNAc2-PA)
[HexNAc-PA+H]+
[(HexNAc2-PA)+H]+
[(Hex)1(HexNAc2-PA)+H]+
[(Hex)2(HexNAc2-PA)+H]+
[(Hex)3(HexNAc2-PA)+H]+
[(Hex)4(HexNAc2-PA)+H]+
[(Hex)5(HexNAc2-PA)+H]+
[(Hex)6(HexNAc2-PA)+H]+

m/z
300.2
503.2
665.3
827.3
959.4
989.4
1121.4
1151.4
1283.5
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m/z
300.2
503.2
665.3
827.3
989.4
1151.4
1313.5
m/z
300.2
503.2
665.3
827.3
989.4
1151.4
1313.5
1475.5

Chapter 5

Summary
In this study, I purified a new isoform of Ara h1 with a molecular weight of 54 kDa by
hydrophobic interaction chromatography. The N-terminal amino acid sequence analysis suggested that
this 54 kDa Ara h1 subunit was derived from 63 kDa Ara h1 by proteolysis with the N-terminal
domain removed. Although at this moment it is obscure whether the truncated type Ara h1 was
artificial product during the purification procedure, this 54 kDa molecule was reproducibly obtained.
Since the 54 kDa subunit was purified in the run-through fraction of hydrophobic interaction
chromatography, it appears that the N-terminal domain of the 63 kDa subunit provided hydrophobic
properties to Ara h1.
Gel filtration analysis demonstrated that the 54 kDa Ara h1 subunit exclusively occurs in a
trimeric conformation while 63 kDa occurs in a decameric conformation as an average oligomeric
structure.
IgEs in sera of the patients with peanut allergy recognized the 54 kDa and 63 kDa subunits at
the same level, suggesting that several epitopes are distributed on the Ara h1 molecule in addition to
the hydrophobic N-terminal domain of 63 kDa Ara h1. Interestingly I found that some sera from
healthy individuals slightly reacted with the 54 kDa Ara h1 but not the 63 kDa molecule.
The structural features of N-glycans linked to the 54 kDa and 63 kDa subunits and presence of
both b-xylosylated and high-mannose types were nearly the same, indicating that the N-terminal
domain deletion had an insignificant effect on the processing or maturation of N-glycans.
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