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Ovalbumin (OA) is one of the most abundant of the glycoprotein allergens, and induces a T-helper type 2
immune response that results in an IgE-mediated hypersensitivity. In this study, the terminal carbohy-
drates of N-glycans from intact OA were cleaved with the exoglycosidases galactosidase, mannosidase,
and N-acetylglucosaminidase to generate degalactosylated-OA, demannosylated-OA, and de-N-acetylglu-
cosaminylated-OA, respectively, in order to evaluate their role in allergenicity. The exoglycosidase
digestion procedure did not result in either degradation or contamination of the three deglycosylated
sample, and the digestion efficiency was confirmed by comparing the results of glycan analysis of the
three exoglycosidase-treated OAs with that of glycans of intact OA. Mice were immunized with either
intact or exoglycosidase-treated OAs, and their respective allergic reactions were compared. IgE produc-
tion in the de-N-acetylglucosaminylated-OA group was reduced to 58.8% of that in the intact OA group. In
addition, the production levels of the cytokines interleukin-4 and interleukin-5 were significantly
reduced in the de-N-acetylglucosaminylated-OA group to 53.4% and 45.8% of the levels in the intact
OA group, respectively. However, there were almost no changes (or only slight reductions) in the dega-
lactosylated-OA and demannosylated-OA groups, respectively. These results indicate that cleavage of the
terminal carbohydrate, and particularly N-acetylglucosamine, reduces the allergenicity of OA. This is the
first report of the effect of cleavage of the terminal carbohydrate on glycoprotein allergenicity.

� 2014 Elsevier Inc. All rights reserved.
1. Introduction

Egg-white ovalbumin (OA) is the most abundant of the major
allergens and can cause immunoglobulin E (IgE)-mediated food
hypersensitivity [1]. OA is a 45 kDa glycoprotein with 385 amino
acids and 3% carbohydrate content. It comprises approximately
54% of the protein in chicken egg white [2]. OA has a single N-gly-
cosylation site at Asn-292. The glycosylation of OA has been stud-
ied by paper electrophoresis [3], high-performance liquid
chromatography (HPLC) with nuclear magnetic resonance spec-
troscopy [4], and mass spectrometry (MS) [5,6]. OA glycans con-
taining high-mannose-type, hybrid-type, and complex-type
oligosaccharide have been identified. Moreover, N-glycosylation
is important for OA biosynthesis; the nonglycosylated form of OA
is misfolded and is not secreted from the cell [7].

OA-induced allergy is considered to be mainly an IgE-mediated,
type I hypersensitivity that is characterized by increased produc-
tion of IgE antibodies and T-helper type 2 (Th2) cytokines, which
are common markers found in experimental models and human
disease [8]. Th1 and Th2 cells can be distinguished according to
the cytokines that each cell type produces: Th1 cells produce
interferon-gamma (IFN-c), interleukin (IL-2), and tumor necrosis
factor-alpha, and Th2 cells produce IL-4, IL-5, and IL-13 [9]. B cells
stimulated by IL-4 differentiate into Th2 cells, which secrete Th2
cytokines, which in turn induce class switching to IgE, leading to
type I hypersensitivity [10,11]. When the IgE antibody is induced,
it binds to the high-affinity IgE receptor FceRI on mast cells.
IgE-mediated hypersensitivity occurs when repeated stimulation
of IgE with the same antigen triggers degranulation, which causes
the release of various inflammatory factors, including histamine,
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prostaglandins, and leukotrienes from mast cells. Therefore, an
increase in IgE production can be an important marker for such
hypersensitivity [11].

Glycosylation of allergens may affect IgE-mediated hypersensi-
tivity. For example, b1,2-xylose and core a1,3-fucose, which are
carbohydrates found specifically in plant N-glycans [12], or galact-
ose (Gal)a1-3Gal in mammalian meat products [13], cause allergic
responses. Moreover, the glycans attached to proteins influence
their physical properties, including their stability, solubility,
hydrophobicity, and electrical charge, and these changes may
affect the allergenicity and antigenicity of proteins by altering
the B-cell and T-cell epitopes present on the protein surface [14].
Furthermore, glycosylation of proteins may affect their uptake
and the availability of proteolytic sites, which may release T-cell
epitopes [15].

Some studies have revealed reduced allergic responses in mice
exposed to different OA preparations, such as heat-treated OA with
secondary structural changes [16,17], gamma-irradiated OA [18],
or an OA-IL-12 fusion protein [19]. In addition, the OA-induced
allergic response in mice is reportedly suppressed after Listeria
monocytogenes infection [20]. In contrast, the glycated form of OA
is more immunogenic and allergenic than intact OA [21].

The nonreducing termini of N-glycans are potentially involved
in antibody binding, and consist mainly of mannose (Man), fucose,
xylose, and N-acetylglucosamine (GlcNAc) in different linkages
[22]. However, the influence of the terminal carbohydrates at the
nonreducing termini of OA glycans on allergenicity has not been
reported previously.
Fig. 1. (A) HPLC chromatogram including the peak numbers and (B) MALDI-TOF M
HexNAc = N-acetylhexose (GlcNAc). The peak numbers of the glycans in (A) and (B) are
This study used HPLC analysis with fluorescence derivatization
and matrix-assisted laser desorption–ionization time-of-flight
(MALDI-TOF) MS for the quantitative and sequential analysis of
the glycans on OA. Furthermore, the role of terminal carbohydrates
in OA allergenicity was investigated with three exoglycosidase-
treated OA preparations: degalactosylated OA (de-G-OA), deman-
nosylated OA (de-M-OA), and de-N-acetylglucosaminylated OA
(de-N-OA). These preparations were obtained by cleavage of the
terminal Gal, Man, and GlcNAc residues, respectively, from intact
OA glycans using galactosidase, mannosidase, and N-acetylgluco-
saminidase digestion, respectively. The digestion efficiency was
confirmed by comparing the results of glycan analysis of the three
variants with that of glycans of intact OA. IgE production after
immunization of mice with either intact OA or exoglycosidase-
treated OAs was assessed. Cytokine levels in splenocytes obtained
from the immunized mice were measured after restimulating the
cells with the same antigen.
2. Materials and methods

2.1. Sodium dodecyl sulfate–polyacrylamide gel electrophoresis

Sodium dodecyl sulfate–polyacrylamide gel electrophoresis
(SDS–PAGE) was performed according to the protocol reported
by Laemmli [23] using a 15% acrylamide slab gel. The gel was
stained with Coomassie blue R-250. Molecular mass markers
(10–250 kDa) were purchased from Bio-Rad (Hercules, CA, USA).
S spectrum of 2-AB-labeled N-glycans from intact OA. Hex = hexose (Man, Gal),
the same.



Table 1
Summary of MS, HPLC data, and relative quantity (%) of the 2-AB-labeled N-glycans from OA.

Peak no. Proposed structure MALDI-TOF MS m/z ([M+Na]+) GU Relative quantity (%)

Calculated Detected Reported Observed

1
Manβ1-4GlcNAcβ1-4GlcNAc

Manα1-6

Manα1-3

1053.4 1053.4 4.40 4.42 3.0

2
Manβ1-4GlcNAcβ1-4GlcNAc

GlcNAcβ1-2Manα1-6

Manα1-3

1256.5 1256.5 4.93 4.93 2.5

3

Manα1-3

GlcNAcβ1-4 Manβ1-4GlcNAcβ1-4GlcNAc

Manα1-6 1256.5 1256.5 4.97 4.99 7.2

4
Manβ1-4GlcNAcβ1-4GlcNAc

Manα1-6

Manα1-3
Manα1-3

1215.4 1215.5 5.31 5.21 1.7

5

Manα1-3

GlcNAcβ1-4 Manβ1-4GlcNAcβ1-4GlcNAc

Manα1-6

GlcNAcβ1-2

1459.5 1459.6 5.31 5.47 5.5

6

GlcNAcβ1-2Manα1-3

GlcNAcβ1 4- Manβ1-4GlcNAcβ1-4GlcNAc

GlcNAcβ1-2Manα1-6 1662.6 1662.6 5.77 5.81 1.7

7-1

Manα1-3

Manβ1-4GlcNAcβ1-4GlcNAc

Manα1-6
Manα1-6

Manα1-3

1377.5 1377.5 6.19 6.19 27.0

7-2

GlcNAcβ1-4
Manα1-3

GlcNAcβ1-2

GlcNAcβ1 4- Manβ1-4GlcNAcβ1-4GlcNAc

GlcNAcβ1-2Manα1-6 1865.7 1865.7 –

8

GlcNAcβ1-2Manα1-3

GlcNAcβ1-4 Manβ1-4GlcNAcβ1-4GlcNAc

Manα1-3Manα1-6 1621.6 1621.6 – 6.48 7.0

9

GlcNAcβ1-2Manα1-3

Manβ1-4GlcNAcβ1-4GlcNAc

Manα1-6
Manα1-6
Manα1-3

1580.6 1580.6 6.62 6.56 1.9

10-1

GlcNAcβ1-4
Manα1-3

GlcNAcβ1-2

GlcNAcβ1- Manβ1-4GlcNAcβ1-4GlcNAc

Manα1-3Manα1-6

4

1824.7 1824.7 – 6.76 3.1

10-2

GlcNAcβ1-4
Manα1-3

GlcNAcβ1-2

GlcNAcβ1-4 Manβ1-4GlcNAcβ1-4GlcNAc

Manα1-6
GlcNAcβ1-6

GlcNAcβ1-2

2068.8 2068.9 6.74

11

GlcNAcβ1-2Manα1-3

GlcNAcβ1-4 Manβ1-4GlcNAcβ1-4GlcNAc

Manα1-6
Manα1-6
Manα1-3

1783.7 1783.7 – 6.96 0.9

12-1

Manα1-3

Manβ1-4GlcNAcβ1-4GlcNAc

Manα1-6
Manα1-2Manα1-6

Manα1-3

1539.5 1539.6 7.06 7.08 30.6

12-2

GlcNAcβ1-4
Manα1-3

GlcNAcβ1-2

GlcNAcβ1-4

GlcNAcβ1-6

GlcNAcβ1-2

GlcNAcβ1-4

Manβ1-4GlcNAcβ1-4GlcNAc

Manα1-6

2271.9 2271.9 –

(continued on next page)
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Table 1 (continued)

Peak no. Proposed structure MALDI-TOF MS m/z ([M+Na]+) GU Relative quantity (%)

Calculated Detected Reported Observed

13-1

GlcNAcβ1-4
Manα1-3

GlcNAcβ1-2

GlcNAcβ1-4Galβ1-4 Manβ1-4GlcNAcβ1-4GlcNAc

GlcNAcβ1-2Manα1-6 2027.8 2027.8 – 7.38 5.9

13-2

GlcNAcβ1-4
Manα1-3

GlcNAcβ1-2

GlcNAcβ1- Manβ1-4GlcNAcβ1-4GlcNAc

Manα1-6
Manα1-6
Manα1-3

1986.7 1986.8 –

14-1

Manα1-2Manα1-3

Manβ1-4GlcNAcβ1-4GlcNAc

Manα1-6
Manα1-2Manα1-6

Manα1-3

1701.6 1701.7 7.98 7.97 0.9

14-2

GlcNAcβ1-4
Manα1-3

GlcNAcβ1-2

GlcNAcβ1-4

GlcNAcβ1-6

GlcNAcβ1-2

GlcNAcβ1-4

Galβ1-4 Manβ1-4GlcNAcβ1-4GlcNAc

Manα1-6

2433.9 2434.0 –

15

Galβ1-4GlcNAcβ1-4
Manα1-3

GlcNAcβ1-2

GlcNAcβ1-4 Manβ1-4GlcNAcβ1-4GlcNAc

Manα1-6
Manα1-6
Manα1-3

2148.8 2148.8 – 8.30 1.1
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2.2. N-glycan analysis

OA from chicken egg white that had been purchased from
Sigma (St. Louis, MO, USA). The N-glycans were released from OA
by glycoamidase A digestion, derivatized with 2-aminobenzamide
(2-AB), and the N-glycan structures were confirmed by a combina-
tion of HPLC and MALDI-TOF MS analysis according to the methods
described in our recent paper [24].

2.3. Cleavage of the terminal carbohydrates of glycan from intact OA

The terminal carbohydrates on intact OA were cleaved by
b-galactosidase from Escherichia coli (Sigma), and a-mannosidase
and N-acetylglucosaminidase from jack beans (Sigma). For galacto-
sidase and N-acetylglucosaminidase digestion, OA was incubated
in 50 mM sodium phosphate buffer (pH 6.0) for 18 h at 37 �C. For
mannosidase digestion, OA was incubated in 50 mM sodium ace-
tate buffer (pH 4.5) for 18 h at 37 �C. All exoglycosidases were used
at a concentration of 0.25 U/ml. Exoglycosidases from each sample
solution were separated with an Amicon Ultra-4 unit with a
100 kDa cutoff (Millipore, Billerica, MA, USA). The solution was
then dialyzed against distilled water for 24 h to remove the buffer
solution with the aid of a GeBAflex tube (Gene Bio-Application,
Kfar Hanagid, Israel).

2.4. N-glycan analysis of exoglycosidase-treated OAs

The N-glycans were released from exoglycosidase-treated OAs,
derivatized with 2-AB, and then analyzed using the methods
described in Section 2.2.

2.5. Circular dichroism analysis

Circular dichroism (CD) measurements were performed with a
Chirascan-plus CD spectrometer (Applied Photophysics, Leather-
head, UK) using a 0.02 cm quartz cuvette at 25 �C. The spectra were
recorded in the 190–260 nm wavelength region. Secondary
structure components were estimated using CDNN CD spectra
deconvolution software [25].

2.6. Experimental animals

Six-week-old female BALB/c mice (Skh:HR-1) were purchased
from Central Lab Animal (Seoul, South Korea). The experimental
animals were provided with distilled water and pellet-type feed
ad libitum. The animals were maintained under controlled temper-
ature (22 ± 2 �C), humidity (50 ± 5%), and light-cycle (12 h/12 h
light/dark) conditions. Experiments were conducted in accordance
with the guidelines established by the Animal Care and Use Com-
mittee of the Korea Food Research Institute (No. KFRI-M-11007).

2.7. Immunization of mice and collection of antiserum

Groups of mice (n = 5) were immunized intraperitoneally on
days 0 and 14 with 10 lg of OA or exoglycosidase-treated OAs
adsorbed in 1 mg of aluminum hydroxide gel (Sigma). The immu-
nized mice were bled on day 5 after the boosting immunization,
and serum specimens were collected for the antibody test.

2.8. Measurement of IgE production

The amount of serum IgE produced in response to each antigen
was measured using a sandwich enzyme-linked immunosorbent
assay (ELISA) kit (BD Pharmingen, CA, USA) for mouse IgE accord-
ing to the manufacturer’s instructions. The IgE level was calculated
based on the standard curve generated with a standard IgE anti-
body. ELISA antibody titers were expressed as the reciprocal of
the highest serum dilution showing an absorbance value twice that
of normal serum.

2.9. Measurement of cytokine production

Five days after the final immunization, splenocytes harvested
from the immunized mice were plated onto 24-well plates and
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coincubated with 100 lg/ml of intact or exoglycosidase-treated
OAs at 37 �C in humidified air containing 5% CO2. Three days later,
the supernatants of the cultures were harvested, centrifuged at
800 � g for 5 min, and then frozen at �80 �C. The levels of various
cytokines (including IL-4, IL-5, and IFN-c) in the supernatant were
determined using an ELISA kit (BD Pharmingen, San Jose, CA)
according to the manufacturer’s instructions.

2.10. Statistical analysis

Differences among experimental data were assessed by one-
way analysis of variance (ANOVA) followed by Tukey’s post hoc test
and Duncan’s multiple-range tests using SPSS statistical software
version 10.0 (SPSS, Chicago, IL, USA). The results are expressed as
mean ± standard deviation (SD) values from triplicate
determinations.

3. Results

3.1. Analysis of N-glycans of OA

N-Glycans were released from tryptic- and chymotryptic-
digested OA peptides by glycoamidase A. The glycans were iso-
lated, derivatized with 2-AB, and analyzed by HPLC with a fluores-
cence detector [24]. The glycan structures were determined from
Fig. 2. (A) SDS–PAGE and (B) CD spectra of intact

Fig. 3. HPLC chromatograms of N-glycans from intact OA with (A) de-G-OA, (B) de-M-O
treated OAs relative to those of intact OA.
their glucose unit (GU) values by comparison with the GU values
of glycans reported in GlycoBase [26]. Their compositions were
obtained from MALDI-TOF MS analysis. All analytical experiments
were repeated three times, and the three sets yielded identical
HPLC chromatograms and MS data.

Fifteen peaks obtained from HPLC chromatogram and their MS
spectrum of 2-AB-labeled N-glycan from OA were analyzed (Fig. 1),
and their structure and relative quantities (%) were identified
(Table 1). The peak area comprising more than 0.9% of the total
area was used to calculate the relative quantity of each OA glycan.
Five peaks (peaks 7, 10, 12, 13, and 14) contained two different N-
glycan structures that had a same GU value but a different
mass:charge ratio (m/z). Eleven glycan structures were reported
in GlycoBase, but not for nine glycans (7-2, 8, 10-1, 11, 12-2, 13-
1, 13-2, 14-2, and 15 in Fig. 1A and Table 1). These glycan struc-
tures were expected based on the MALDI-TOF MS results
(Fig. 1B) and previously reported N-glycans of OA [4–6]. The con-
firmed and proposed glycan structures are listed in Table 1.

3.2. SDS–PAGE and CD spectra of intact OA and exoglycosidase-treated
OAs

The terminal carbohydrates of the N-glycans from intact
OA were digested with the appropriate exoglycosidases:
b-galactosidase [molecular weight (MW) = 465 kDa], mannosidase
OA and the three exoglycosidase-treated OAs.

A, and (C) de-N-OA. The dashed line indicates the reduced peaks of exoglycosidase-



Fig. 4. (A) IgE production after immunization with either intact or exoglycosidase-
treated OAs. The results are expressed as mean and SD values. ###p < 0.001, OA
group vs. control; ⁄p < 0.05 and ⁄⁄p < 0.01, exoglycosidase-treated OA groups vs. OA
group. NS, not significant. (B) Cytokine production of splenocytes from mice
immunized with either intact or exoglycosidase-treated OAs. The results are
expressed as mean and SD values. ⁄p < 0.05 and ⁄⁄p < 0.001, media group vs.
restimulated group. Values not sharing a common superscript letter (a, b, and c)
differ significantly at p < 0.05. NS, not significant.
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(MW = 220 kDa), and N-acetylglucosaminidase (MW = 100 kDa).
After digestion, the enzymes were removed from the sample solu-
tion using Amicon Ultra-4 units. Exoglycosidase-treated OAs were
further purified as a single protein using HPLC with anion-
exchange column chromatography (data not shown).

The molecular weight and purity of the exoglycosidase-treated
OAs were confirmed by SDS–PAGE. The same major bands were
evident for all of the samples; these were multiple bands due to
the phosphorylation of OA [27] (Fig. 2A). In addition, far-UV CD
spectra were measured for the secondary structural changes of
intact OA and exoglycosidase-treated OAs (Fig. 2B). The contents
of a-helix, b-sheets, b-turns, and random-coil structures in intact
OA, estimated using CDNN CD spectra deconvolution software
[25], were predicted to be 18.8%, 30.3%, 16.4%, and 34.5%, respec-
tively. The far-UV CD spectra of exoglycosidase-treated OA
observed in the same experimental conditions were recorded,
and their secondary-structure contents were estimated to be sim-
ilar to those of intact OA (de-G-OA, 21.4%, 27.2%, 16.6%, 34.8%; de-
M-OA, 24.4%, 24.2%, 16.9%, 34.5%; de-N-OA, 22.3%, 26.1%, 16.7%,
34.9%, respectively).

3.3. Analysis of N-glycans of exoglycosidase-treated OAs

To confirm cleavage of the terminal carbohydrate of exoglycos-
idase-treated OA glycans, the glycans of de-G-OA, de-M-OA, and
de-N-OA were analyzed with HPLC, following the same procedure
used to analyze glycans from intact OA as described above. The rel-
ative quantities of all of the three galactosylated glycans (peaks 13-
1, 14-2, and 15 in intact OA) were reduced in de-G-OA (Fig. 3A). In
de-M-OA, all of the 14 mannosylated glycans (peaks 1, 2, 3, 4, 5, 7-
1, 8, 9, 10-1, 11, 12-1, 13-2, 14-1, and 15) were reduced compared
to OA (Fig. 3B).

All 15 GlcNAc-attached glycans (2, 3, 5, 6, 7-2, 8, 9, 10-1, 10-2,
11, 12-2, 13-1, 13-2, 14-2, and 15) were reduced in de-N-OA com-
pared to OA with the exception of peaks 7 and 12 (Fig. 3C). Peak 7
coeluted with two glycans that had the same GU value but differ-
ent m/z values, and 7-1 did not contain GlcNAc, so its elution time
remained the same even after N-acetylglucosaminidase digestion.
Moreover, three glycans (9, 11, and 13-2) containing GlcNAc
shifted to peak 7 after N-acetylglucosaminidase digestion. Peak
12 also coeluted with two glycans that had the same GU value
but different m/z values, and 12-1 did not contain GlcNAc, so its
elution time remained the same even after N-acetylglucosamini-
dase digestion.

3.4. Effect of OA antigens on serum IgE production

The IgE production in mouse serum was compared after immu-
nization with either intact OA or exoglycosidase-treated OAs
(Fig. 4A). Immunization with de-N-OA significantly reduced IgE
production (58.8%), compared to that obtained following immuni-
zation with intact OA. Compared to immunization with intact OA,
immunization with de-M-OA yielded a reduced (71.9%) IgE level,
while immunization with de-G-OA yield a similar (94.8%) level of
IgE production.

3.5. Effect of OA antigens on Th1- and Th2-type cytokine production

Cytokine production in splenocytes from mice immunized with
OA or exoglycosidase-treated OA is shown in Fig. 4B. Immunization
with intact OA significantly increased cytokine production in
splenocytes compared to immunization with media alone. Cyto-
kine production was lower in splenocytes from mice immunized
with exoglycosidase-treated OA than in those from mice immu-
nized with intact OA. The IL-4 and IL-5 levels were significantly
lower in splenocytes from the de-N-OA group (53.4% and 45.8%,
respectively) than in those from the intact OA group. The IFN-c
level was also significantly reduced between the de-N-OA and
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intact OA groups (41.0%). The IL-4, IL-5, and IFN-c levels in spleno-
cytes from the de-G-OA (72.4%, 86.3%, and 100.2%, respectively)
and de-M-OA (81.4%, 82.8%, and 62.8%, respectively) groups were
similar or relatively slightly reduced compared to those from the
de-N-OA group.
4. Discussion

The effects of removal of the terminal carbohydrates of N-gly-
cans of OA on serum IgE and Th2-type cytokine production were
assessed by immunizing mice with either intact or exoglycosi-
dase-treated OAs. Exoglycosidase hydrolyzes the nonreducing ter-
minal carbohydrates of a glycan, but does not cleave internal
linkages, and is widely used for the sequential digestion of glycans
to enable the determination of glycan structures. However, the
present study used exoglycosidase to cleave the terminal carbohy-
drate from intact OA. Glycan analysis and SDS–PAGE confirmed
that the three exoglycosidase-treated OAs were successfully
cleaved at the corresponding terminal monosaccharides, with no
accompanying degradation or contamination of the sample solu-
tion during the digestion. In addition, there was no difference
between OA and exoglycosidase-treated OAs with respect to endo-
toxin content using the limulus amebocyte lysate (LAL) assay (data
not shown).

The present results indicate that cleavage of GlcNAc from the
nonreducing termini of intact OA (de-N-OA) can inhibit type I
IgE-antibody-mediated hypersensitivity. In other words, de-N-OA
was less allergenic than intact OA. The mechanism underlying this
reduced allergenicity of de-N-OA is not clear; however, it is known
that the nature of the terminal nonreducing carbohydrate residue
of the oligosaccharide moiety influences the plasma survival of gly-
coproteins [28]. In addition, protease activity, surface features,
and/or glycosylation patterns are important factors for glycopro-
tein allergens [29], and the allergenicity of a recombinant glyco-
protein rich in Man was found to be significantly lower than that
of the original glycoprotein [30]. Moreover, glycoproteins with
Man or Gal as the terminal nonreducing sugar are cleared rapidly
from rat or rabbit blood by Man receptors on liver endothelial cells
or Gal receptors on liver parenchymal cells, respectively [31]. Gly-
cated forms of OA with Man were shown to reduce the allergen-
icity of OA [32], and antibody-binding epitopes were altered or
masked by different glycosylation patterns [33]. Together these
previous findings and those of the present study suggest that the
increase in glycans containing relatively homogeneously exposed
inner Man after cleavage of nonreducing terminal GlcNAc is impor-
tant for the control of allergenicity in intact OA.

Meanwhile, the CD spectra indicate that almost no changes
were observed in exoglycosidase-treated OAs compared to OA;
however, the double minima at 208 and 222 nm were increased
in de-M-OA, and the a-helix content was increased from 18.8% to
24.4%. It has been reported that the carbohydrate-attached protein
covers the hydrophobic surface patch and shields the a-helical
conformation [34]. This means that the increase in a-helix content
in de-M-OA was probably responsible for the decrease in OA aller-
genicity, although no significant decrease in allergenicity, like that
observed for de-N-OA, was observed.

It has been reported that OA peptide 323–329 induces a Th2-
like response in the mouse model, similar to intact OA, even
though it has limited immunogenic potency [35]. In addition, OA
peptide 347–385 in the C-terminal region is thought to be respon-
sible for allergenic hypersensitivity [36]. However, little is known
about the factors that determine the allergenicity of food proteins,
and there are no structural motifs or conformational sequence pat-
terns that are known to be common to all allergic food proteins
[37]. The results of the present study suggest that the terminal
GlcNAc on intact OA is closely related to its allergenicity. It is pos-
sible that these carbohydrates control antibody production by B
cells and immune reactions mediated by CD4+ T cells. Neverthe-
less, the reduced allergic effect caused by cleavage of GlcNAc from
OA is unlikely to be a common feature of all glycoprotein allergens.

In conclusion, immunization of mice with the N-acetylglucosa-
minidase-treated OA induced significantly lower levels of serum
IgE and Th2-type cytokine production in splenocyte cultures than
those achieved following immunization with intact OA. Thus,
cleavage of the terminal GlcNAc from intact OA dramatically
affected the allergenicity of this glycoprotein. The results suggest
that removal of the terminal GlcNAc is an efficient way of reducing
the allergenic risk of OA. To the best of our knowledge, this is the
first description of the effect of removing the nonreducing terminal
carbohydrate from an intact glycoprotein on its allergenicity.
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