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Cell Culture Human hepatocarcinoma HepG2 cells
were obtained from the Japanese Cancer Research Resources
Bank (Tokyo, Japan). The HepG2 cells and GnT-III gene
transfectants were cultured in DMEM supplemented with
10% FCS and 0.1 mg/ml of ampicillin under a humidified at-
mosphere of 95% air and 5% CO,. Following incubation for
1 d with serum-free DMEM, the cells were incubated with
50 ng/m! of HGF in serum-free DMEM.

Expression Vector Construct, Gene Transfection, and
Selection of Cells The human GnT-III ¢cDNA was ampli-
fied by PCR using human brain ¢cDNA as a template. The
c¢DNA fragment containing the entire coding sequence was
inserted into the pCl-neo EcoR I site and the final construct,
pCI-GnT-III, was obtained. The pCl-neo is a mammalian ex-
pression vector which includes the cytomegalovirus en-
hancer/promoter and the G418-resistant gene. HepG2 cells
were plated in a 6-cm plastic culture dish at a density of
1% 10° cells/ml. After 24 h, the cells were washed twice with
ice-cold phosphate-buffered saline (PBS), pH 7.2, and the
medium was changed to serum-free Opti-MEM. The pCI-
GnT-1II vector or pCl-neo vector (20 ug) was mixed with
Lipofectamine plus, 100 gl of which was added to the
HepG2 cells. After 5h incubation, the medium was changed
to DMEM supplemented with 10% FCS. Stable transfectants
were selected using 1 mg/ml G418.

GnT-III Activity The GnT-III activity was measured ac-
cording to the methods described previously.'” Briefly, cell
pellets were homogenized in ice-cold PBS containing pro-
tease inhibitors, and the supernatant was obtained after re-
moval of the nucleus fraction by centrifugation for 20 min at
900%g. The GnT-II activity in the supernatant was assayed
by high performance liquid chromatography methods using
the fluorescence-labeled sugar chain (GleNAc¢fS-1, 2-Manao-
1, 6-[GleNAcS-1, 2-Maner-1, 3-] Manf-1, 4-GlcNAcf-1, 4-
GlecNAc-pyridylamino) as a substrate. The substrate was pre-
pared according to the method of Tokugawa et al.'?

Cell Scattering Assay The HepG2 cells were plated in 2
6-cm plastic culture dish at a density of 5% 10* cells/ml. The
HepG?2 cells were allowed to grow as discrete colonies for
2—3d. The culture medium was then replaced with fresh
DMEM medium containing S0ng/ml HGE After 24h, the
cells were observed under a phase contrast microscope.

Immunoprecipitation and Western Blot Analysis The
cultured cells were washed twice with ice-cold PBS and dis-
rupted in the lysis buffer (20 mm Tris, pH 7.2, 1% Triton X-
100, 10% glycerol, 1 mmM APMSEF, Smm aprotinin, 1mm
sodium orthovanadate, 10mm sodium fluoride, and 10 mm
iodoacetamide). The protein concentrations were determined
using a protein assay kit (Bio-Rad, CA, U.S.A.). The cell-free
lysates (1 mg) were immunoprecipitated with the anti-human
c-Met antibody and protein G-immobilized magnetic beads
(BioMag Protein G). For Western blot analysis, whole cell
lysates or immunoprecipitates were subjected to 6 or 10%
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) under reducing conditions, and then transferred
to a PVDF membrane. The blot was blocked with 1% bovine
serum albumin (BSA) in Tris-buffered saline containing
0.1% Tween 20 (TBST). For the detection of c-Met, the blot
was incubated with anti-human c-Met antibody, and biotiny-
lated anti-rabbit IgG antibody. For the detection of the phos-
phorylated tyrosine residues of c-Met, the blot was incubated
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with a monoclonal anti-phosphotyrosine antibody, and perox-
idase-conjugated rabbit anti-mouse IgG. For the detection of
phosphorylated ERK1/2, the blot was incubated with anti-
ERK antibody, and biotinylated anti-mouse IgG antibody. Bi-
otinylated antibody was detected using a Vectastain ABC-kit,
and the blots were developed using the ECL chemilumnines-
cence detection kit according to the manufacturer’s instruc-
tions.

Lectin Blot Analysis Immunoprecipitated c-Met were
subjected to 6% SDS-PAGE and transferred to PVDF mem-
branes, as described above, The blot was blocked with 1%
BSA in TBST and then incubated with 1 pg/ml biotinylated
erythroagglutinating phytohemagglutinin (E-PHA) in TBST
for 1h at room temperature. After washing with TBST, the
lectin-reactive proteins were detected using a Vectastain
ABC kit and the ECL chemiluminescence detection kit.

RESULTS

Establishment of HepG2 Cell Lines Stably Expressing
GnT-III  The GnT-III expression vector pCI-GnT-III was
transfected into the HepG2 cells. The G418-resistant cells
were screened as candidates of the GnT-1II transfectants. Two
randomly selected G418-resistant clones were evaluatéd for
GnT-1II activity. The clones expressing moderately and
highly were designated HepG2-IIIm and HepG2-ilih, respec-
tively. A pCl-neo vector transfectant, designated as HepG2-
mock, was also established as a negative control. The GnT-1II
activity in the HepG2-Illm and HepG2-1Ilh cells was signifi-
cantly elevated about 20- and 250-fold, respectively, whereas
the activity in the HepG2-mock cells did not differ signifi-
cantly among the parental HepG?2 cells (Table 1).

Enhancement of HGF-Induced Cell Scattering in GnT-
III Transfectants To determine the effect of the overex-
pression of GnT-III on the HGF-induced cell scattering, the
GnT-1II transfectants and mock transfectants were examined.
When the HepG2-mock cells were cultured, they showed a
cobble-stone shape and had formed colonies of the cells (Fig.
1A). No significant difference in cell morphology of the
GnT-III transfectants was observed (Figs. 1B, C). HepG2-
mock cells scattered following cell-cell dissociation by the
stimulation with HGF (Fig. 1D). The cell scattering of the
GnT-II1 transfectants was more pronounced than the HepG2-
mock cells; the enhancement of cell scattering was most pro-
nounced in the HepG2-IITh cells that had a high GnT-III ac-
tivity (Figs. 1E, F).

Analysis of c-Met of GnT-III Transfectants The ex-
pression levels of the c-Met protein in GnT-III transfectants
were analyzed by Western blot analysis. No significant
change of the level of c-Met was observed (Fig. 2). To ana-
lyze the alterations of the N-glycan structure on c-Met, E-

Table 1. Enzyme Activities of GnT-IIl in Mock- and GnT-III Transfected
HepG2 Cells

Cell line GnT-II activity {pmol/h/mg protein]
HepG2 79+30
HepG2-mock 149+50
HepG2-1IIm 1400260
HepG2-IITh 19600*1350

Data were mean+S$.E. of three separate experiments.
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Fig. 1. HGF-Induced Cell Scattering in HepG2-Mock Cells and GnT-1II
Transfected HepG2 Cells

HepG2 mock-cells (A, D), HepG2-Ilim cells (B, E), and HepG2-IITh cells (C, F)
were cultured with (D, E, F) or without (A, B, C) HGF (50 ng/ml) for 24 h. Representa-
tive fields were photographed using a phase-contrast microscope.
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Fig. 2. Western Blot Analysis of c-Met

Total cell lysates from HepG2-mock cells (lane 1), HepG2-Tlm cells (lane 2), and
HepG2-1Th celts (lane 3} were subjected to 6% SDS-PAGE and then transferred to
PVDF membrane. The blats were probed with anti-c-Met antibody.
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Fig- 3. Lectin Blot Analysis of c-Met

C-Met was immunoprecipitated from cell lysates of HepG2-mock cells (lane 1),
HepGi2-Hlim cells (lane 2), and HepG2-TITh cells {lane 3). Immunoprecipitates were
subjected to 6% SDS-PAGE and then transferred to PVDF membrane. The blots were
probed with E-PHA (upper panel) or anti-c-Met antibody (lower panel). Arrows indi-
cate c-Met, :

PHA lectin blot analysis was performed. E-PHA binds
specifically to bisecting GleNAc residues.!” Immunoprecipi-
tated ¢-Met from the HepG2-IIIm cells and the HepG2-IlTh
cells showed significant reactivity of E-PHA (Fig. 3), show-
ing that N-glycan on c-Met was modified with bisecting Gle-
NAc residues. It was noted that the apparent molecular size
of ¢c-Met from the HepG2-IITh cells were smaller than that
from the HepG2-mock cells. The following experiments
were petrformed with HepG2-1Th cells and HepG2-mock
cells.

Tyrosine Phosphorylation of ¢-Met in Gn T-III Trans-
fectants To determine the effect of the GnT-III transfection
on HGF signaling, HGF-induced tyrosine phosphorylation of
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Fig. 4. The Time Course of the Tyrosine Phosphorylation of c-Met

(A) Celis were harvested at the indicated time after HGF treatment (50 ng/ml). C-
Met, immunoprecipitated from the cell lysates of HepG2-mock cells (@) and HepG2-
IITh celts (O) were subjected to 6% SDS-PAGE and then transferred to a PYDF mem-
brane. The blot was probed with anti-phosphotyrasine antibody (upper panel) or anti-
human c-Met antibody (lower panel). One representative result of three separate experi-
ments is shown. (B} The intensities of the bands obtained with phosphorylated c-Met
were normalized to the intensities of the ¢-Met bands. These values are shown as per-
centages of the level of c-Met phosphorylation in HepG2-mock cells treated with HGF
for 10 min (mean+3.E., three separate experiments).

c-Met in HepG2-IITh cells and HepG2-mock cells were ex-
amined. The c-Met phosphorylation level reached a peak by
10min after the HGF treatment in each transfectant. Al-
though no difference in the peak level of ¢-Met phosphoryla-
tion between the HepG2-IITh cells and HepG2-mock cells
was observed, the level of ¢c-Met phosphorylation in the
HepG2-TIIh cells was reduced more rapidly than in the
HepG2-mock cells (Fig. 4).

ERK Activation in GnT-III Transfectants To further
clarify the effect of the GnT-III transfection on HGF signal-
ing, the HGF-induced phosphorylation of ERK in the
HepG2-ITTh cells and HepG2-mock cells was also examined.
The time course of the tyrosine phosphorylation of ERK
showed that the phosphorylated ERK level reached a peak by
10min afler treatment in each transfectant. The peak level in
the HepG2-IITh cells was slightly higher than in the HepG2-
mock cells (Fig. 5).

DISCUSSION

In this paper we investigated the effects of the overexpres-
sion of GnT-III on the scattering of human hepatocarcinoma
HepG2 cells, a defined HGF-induced biological response,
since the function of the HGF receptor c-Met could be mod-
ulated by GnT-1II transfection followed by the alteration of
its biological functions, as described in the “INTRODUC-
TION” section. The results showed that GnT-III gene trans-
fection increases GnT-II activity by about 250 fold, followed
by a significant increase of E-PHA reactivity with c-Met
(Fig. 3), indicating that the transfection of GnT-III increased
the amount of bisecting oligosaccharide residue on c-Met. In
addition, the molecular size of c-Met in the HepG2-IIIh cells
was smaller than that in the HepG2-mock cells (Figs. 2, 3),
suggesting that an elongation of N-glycans on c¢-Met was
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Fig. 5. The Time-Course of the Tyrosine Phosphorylation of ERK.

(A) Cells were stimulated with 50 ng/m] HGF and harvested at the indicated times.
Whole cel] lysates of HepG2-mock cells (@) and HepG2-I1Th cells (O} were subjected
to 10% SDS-PAGE and then transferred to a PVDF membrane. The blot was probed
with anti-phospho-ERK antibody (upper panel) or anti-ERK antibody (lower panel).
One representative result of three separate experiments is shown. (B) The intensities of
the bands obtained with phospho-ERK were normalized to the intensities of the ERK.
bands. These values are shown as percentages of the level of ERK phospharylation in
HepG2-mock cells treated with HGF for 10 min {mean*$.E., three separate experi-
ments).

suppressed by the bisecting GlcNAc residue. The same ob-
servation has been shown in various glycoproteins such as
the EGF receptor,” E-cadherin,'*!* and CD44.'9

We investigated the effect of the overexpression of GnT-III
on HGF-induced cell scattering using these transfectants, be-
cause cell scattering is one of the HGF-induced biological re-
sponses and an important component of several physiological
and pathological processes. We found that HGF-induced cell
scattering in the GnT-1II transfectants was enhanced depend-
ing on the GnT-III activities. As far as we know, this is the
first report of the enhancing effect of HGF-induced cell scat-
tering by the overexpression of GnT-IIL

To confirrn the effect of GnT-III overexpression on HGF
signaling, we first investigated the effect on the HGF-induced
tyrosine phosphorylation of ¢-Met in GnT-III transfectants.
Unexpectedly, the peak level of the tyrosine phosphorylation
of ¢-Met did not change by GnT-II1. In addition, the level of
¢-Met phosphorylation was reduced quite a bit more rapidly
than that in the HepG2-mock cells. Previous studies shown
that HGF stimulation also leads to down-regulation of the re-
ceptor.'” We assume that the rapid dephosphorylation was
caused by up-regulated HGF signaling,

We further examined the effects on the HGF-induced
phosphorylation of ERK, because ERK activation is associ-
ated with HGF-induced cell scattering.'® The ERK phospho-
rylation was slightly enhanced by the GnT-III overexpres-
sion, showing that the enhancement of cell scattering in-
volves the up-regulation of the HGF-induced ERK phospho-
tylation. The mechanisms by which GnT-III overexpression
affects ERK activation is now under investigation. It has been
shown that GnT-Ill overexpression enhances the EGF-in-
duced ERK phosphorylation in HelaS3 cells by up-regulation
of the internalization rate of the receptors.” A possible mech-
anism by which GnT-II overexpression enhances HGF-in-
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duced ERK phosphorylation is that GnT-IIT affects c-Met in-
ternalization.

In this study, we demonstrated that GnT-III overexpression
increased the amount of bisecting oligosaccharide structures
and shortened the N-glycans associated with c-Met. Lectin
blot analysis of total showed that N-glycans of the other gly-
coproteins were also changed by GnT-III overexpression
(data not shown). Therefore, the glycoproteins involved in
cell scattering, such as E-cadherin and integrin, are candidate
proteins for involvement in the enhancement of cell scatter-
ing by GnT-III overexpression. In fact, it has been reported
that GnT-III overexpression affects their biological
functions.'!>!? Further study is needed to clarify the mech-
anism involved in the enhancement of cell scattering.

In evaluating the significance of the present results, it
seems worthwhile to examine the relation of the change of
GnT-III with the action of HGF in vive. In the normal rat
liver, GnT-IH activity is very low. However, the activity in-
creased about 4-fold in regenerating rat liver.”) HGF is in-
duced in regenerating rat liver, and stimulates hepatocyte
growth. In addition, it was shown that hepatocarcinoma ex-
hibited a high level of GnT-III activity, whereas normal liver
contains very little.” Autocrine HGF signaling leads to ab-
normal malignant progression.?!’ Therefore, the increase of
GnT-1II may contribute to liver regeneration and hepatocarci-
noma progression by the enhanced HGF signal.

In conclusion, we demonstrated that the overexpression of
GnT-III caused the enhancement of HGF-induced cell scat-
tering, and suggest that the enhancement of cell scattering in-
volves, at least in part, enhancement of the HGF-induced
ERK phosphorylation.
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Abstract

Background; The allergenic potential of chicken egg
white ovomucoid {OVYM) is thought to depend on its sta-
bility to heat treatment and digestion. Pepsin-digested
fragments have been speculated to continue to exert an
allergenic potential. OVM was digested in simulated gas-
tric fluid (SGF) to examine the reactivity of the resulting

fragments to IgE in sera from allergic patients. Methods:

OVM was digested in SGF and subjected to SDS-PAGE.
The detected fragments were then subjected to N-termi-
na! sequencing and liquid chromatography/mass spec-
trometry/mass spectrometry analysis to confirm the
cleavage sites and partial amino acid sequences. The
reactivity of the fragments to IgE antibodies in serum
samples from patients ailergic to egg white was then
determined using Western blotting (n = 24}, Resufts: The
rate of OVM digestion depended on the pepsin/OVM
ratio in the SGF, OVM was first cleaved near the end of
the first domain, and the resulting fragments were then
further digested into smaller fragments. In the Western
blot analysis, 93% of the OVM-reactive sera also bound
to the 23.5- to 28.5-kDa fragments, and 21% reacted with

the smaller 7- and 4.5-kDa fragments. Conclusion: When
the digestion of OVM in SGF was kinetically analyzed,
21% of the examined patients retained their IgE-binding
capacity to the small 4.5-kDa fragment. Patients with a
positive reaction to this small peptide fragment were
thought to be unlikely to outgrow their egg white aliergy,
The combination of SGF-digestibility studies and human
igE-binding experiments seems to be useful for the eluci-

dation and diagnosis of the allergenic potential of OVM.
Copyright & 2005 8. Karger AG, Basel

Introduction

Chicken egg white is one of the strongest and most fre-
quent causes of food allergies among young children {1-
5]. Egg white contains several allergens, including ovalbu-
min, ovotransferrin, lysozyme and ovomucoid (Gal d 1,
OVM). OVM accounts for about 11% of all egg white pro-
teins [6] and has a molecular weight of 28 kDa, containing
a carbohydrate content of 20-25% {7]. OVM is known to
be stable to digestion and heat, and cooked eggs can cause
allergic reactions in OVM-specific allergic patients [8-
11]. One possible reason for this is that OVM contains
linear epitopes that are only slightly affected by conforma-
tional changes induced by heat denaturation.
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OVM consists of 186 amino acids divided into three
domains of about 60 amino acids each; the third domain
has been reported to be the most important domain with
regard to allergenicity [12]. In a previous report, N-gly-
cans in the third domain were suggested to be essential for
allergenicity [13]; however, a recent report found that the
deletion of the N-glycans did not affect the allergic reac-
tivity.

We previously reported the digestibility of 10 kinds of
food proteins in simulated gastric fluid (SGF) [8, 14].
OVM was digested relatively rapidly, but several frag-
ments were detected by sodium dodecyl sulfate-polyacryl-
amide gel electrophoresis (SDS-PAGE) followed by Coo-
massie biue (CBB) staining. The reactivity of these frag-
ments with IgE antibodies from the sera of patients with
egg white allergy is very important to understanding the
mechanism of OVM allergy.

A few previous reports have described the reactivity of
IgE in sera from patients with egg white allergies with
OVM-derived fragments. Kovacs-Nolan et al. [15] sepa-
rated pepsin-digested fragments of OVM using high-per-
formance liquid chromatography (HPLC) and examined
the IgE-binding activities of each fragment using an
enzyme-linked immunosorbent assay (ELISA). Besler et
al. [16] investigated the reactivity of pepsin-digested frag-
ments with patient IgE using Western blotting and
showed that the fragments retain their binding capacity to
human IgE in some serum samples from QVM-allergic
patients. However, little attention has been paid to the
digestive conditions, and the number of serum samples
has been somewhat small in these studies. Urisuet al. [17]
reported that the sera of subjects that tested positive or
negative during an oral egg white challenge exhibited a
significant difference in their reactivity with pepsin frag-
ments.

In the present report, kinetic data for different genera-
tions of SGF-stable OVM fragments were obtained, and
the reactivity of the fragments with serum IgE from
patients with egg white allergies was investigated using
Western blotting.

Materials and Methods

Pepsin (catalog number P6887) and chicken egg white OVM
(T2011, Trypsin Inhibitor, Type I11-O} were purchased from Sigma
Chemical Co, (St. Louis, Mo., USA). The concentration of the OVM
test solution was 5 mg/m! of water. The gels and reagents used for the
SDS-PAGE analysis were purchased from Invitrogen {Carlsbad, Cal-
if., USA).
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Serum Specimens

Sera from 24 patients with egg white allergies and a healthy vol-
unteer were used after obtaining informed consent from the patients
and ethical approval by the Institutional Review Board of the
National Institute of Health Sciences. Twenty-two of the patients had
been diagnosed as having an egg white allergy at hospitals in Japan,
based on their clinical histories and positive IgE responses to egg
white proteins by radioallergosorbent test (RAST), while the remain-
ing 2 allergen-specific sera were purchased from Plasma Lab Interna-
tional (Everett, Wash., USA); the commercial sera originated from
adult Caucasians who had been diagnosed as having several food
allergies, including egg white, based on their clinical history and skin
tests. The commercial sera also showed positive IgE responses to egg
white proteins when examined using RAST.

Preparation of SGF

Pepsin (3.8 mg; approximately 13,148 units of activity) was dis-
solved in 5 ml of gastric control solution (G-con; 2 mg/ml NaCl, pH
adjusted to 2.0 with distilled HCI), and the activity of each newly
prepared SGF solution was defined as the production of a AA280 of
0.001/min at pH 2.0 and 37°C, measured as the production of tri-
chloroacetic acid-soluble products using hemoglobin as a substrate,
The original SGF was prepared at a pepsin/OVM concentration of 10
unit/ug, and this solution was diluted with G-con for the experiments
performed at pepsin/OVM concentrations of 1 and 0.1 unit/ug, The
SGF solutions were used within the same day.

Digestion in SGF

SGF (1,520 ul) was incubated at 37 °C for 2 min before the addi-
tion of 80 pl of OVM solution (5 mg/ml). The digestion was started
by the addition of OVM. At each scheduled time point (0.5, 2, 5, 10,
20, 30, and 60 min), 200 p of the reaction mixture was transferred to
a sampling tube containing 70 pl of 5 X Laemmli buffer (40% glycer-
ol, 5% 2-mercaptoethanol, 10% SDS, 0.33 M Tris, 0.05% bromophe-
nol blue, pH 6.8) and 70 ul of 200 mAM Na,CO;. For the zero-point
samples, the OVM solution (10 pl) was added to neutralized SGF
(19C ul of SGF, 70 pl of 5x Laemmli buffer, and 70 pl of 200 mAf
Na;CO3). All neutralized samples were then boiled at 100°C for
3 min and subjected to SDS-PAGE.

SDS-PAGE Analysis and Staining Procedure

Sampiles (15 pl/lane) were loaded onto a 10-20% polyacrylamide
Tris/Tricine gel (Invitrogen, Carlshad, Calif,, USA) and separated
electrophoretically. The gels were fixed for 5 min in 5% trichloroace-
tic acid, washed for 2 h with SDS Wash (45.5% methanol, 9% acetic
acid), stained for 10 min with CBB solution (0.1% Coomassie Biil-
liant blue R, 15% methanol, 10% acetic acid), and destained with
25% methanol and 7.5% acetic acid. The stained gel images were
then analyzed using Image Gauge V3.1 (Fuji Film, Tokyo, Japan),
and the density of each band was quantified. Periodic acid-Schiff
(PAS) staining [18) was used to detect the glycosylated fragments.

N-Terminal Sequence Analysis

OVM (1.5 mg) was digested in SGF containing 1 unit/ml pepsin,
concentrated by centrifugation using Centriprep YM-3 (Millipore
Corporation, Bedford, Mass., USA) and subjected to SDS-PAGE fol-
lowed by electrical transblotting to a 0.2-um polyvinylidene difluo-
ride membrane (Bio-Rad, Richmond, Calif., USA) and CBBR stain-
ing. The detected fragment bands were then cut out and sequenced
using a Procise 494HT Protein Sequencing System (Applied Biosys-
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tems, Foster City, Calif., USA) or an HP GI00SA Protein Sequenc-
ing System (Hewlett-Packard, Palo Alto, Calif., USA); each fragment
was analyzed for 5 cycles.

Carboxymethylation and Peptide Mapping Using Liquid
Chromatography/Mass Spectrometry/Mass Specirometry
(LC/MS/MS)

The digested OVM sample was separated electrophoretically as
described above, stained with CBB, and the stained bands were cut
out. The gel pieces were homogenized in 20 mA Tris-HCI (pH 8.0)
containing 0.1% SDS and the proteins were extracted. The extracts
were concentrated and purified by acetone precipitation, The ace-
tone precipitates were incubated with 2-mercaptethanol (92.5 mM)
in 72 pl of 0.5 M Tris-HC! buffer (pH 8.6) containing 8 M guanidine
hydrochloride and 5 mM EDTA at room temperature for 2 h, To this
solution, 1.5 mg of menoiodoacetic acid was added, and the mixture
was incubated at room temperature for 2 h in the dark. The reaction
mixture was desalted using a MicroSpin G-25 column {(Amersham
Bioscience, Uppsala, Sweden) and lyophilized. Reduced and carbox-
ymethylated proteins were digested with trypsin (50 ng/ul in 50 mM
NHHCO;3).

Tandem electrospray mass spectra were recorded using a hybrid
quadruple/time-of-flight spectrometer (Qstar Pulsar i; Applied Bio-
systems, Foster City, Calif., USA) interfaced to a CapLC (Magic
2002; Michrom BioResources, Auburn, Calif., USA). Samples were
dissolved in water and injected into a C18 column (0.2 x 50 mm,
3 um, Magic C18, Michrom BioResources). Peptides were eluted
with a 5-36% acetonitrile gradient in 0. 1% aqueous formic acid over
60 min at a flow rate of I pl/min after elution with 5% acetonitrile for
10 min. The capillary voltage was set to 2,600 V, and data-dependent
MS/MS acquisitions were performed using precursors with charge
states of 2 and 3 over a mass range of 400-2,000.

Western Blotting of Digested Fragments with Human Serum IgE

The digested OVM samples were applied to a 10-20% polyacryl-
amide Tris/Tricine 2D gel, followed by electricat transfer to a nitro-
cellulose membrane, The membrane was then blocked with 0.5%
casein-PBS (pH 7.0) and cut into 4-mm strips. The strips were incu-
bated with diluted human serum (1/4 to 1/5)in 0.2% casein-PBS (pH
7.0) at room temperature for 1 h and then at 4°C for 18 h. After
washing with 0.05% Tween 20-PBS, the strips were incubated with
rabbit anti-human IgE (Fc) antibodies (Nordic Immunological Labo-
ratories, Tilburg, The Netherlands) at room temperature for 1 h, and
then with horseradish peroxidase-conjugated donkey anti-rabbit Ig
antibodies (Amersham Biosciences, Little Chalfont, UK} at room
temperature for 1 h. Finally, the strips were reacted with Konica
ImmunoStain HRP-1000 (Konica, Tokyo, Fapan), according to the
manufacturer’s protocol.

Results

Kinetics of OVM Digestion by Pepsin

OVM was digested in SGF containing various concen-
trations of pepsin, and the fragments were separated by
SDS-PAGE and stained with CBB (fig. 1). The molecular
weight of OVM, based on its amino acid sequence, is
about 20 kDa, but a broad band representing intact OVM

Digestive Analysis and Allergenic Potential
of OVM Pepsin Fragments

appeared at about 34-49 kDa in the SDS-PAGE gel
because of the presence of five N-linked sugar chains. The
pepsin band was detected at 39 kDa, overlapping with the
intact OVM band, and lysozyme (14 kDa) contamination
was detected in the OVM sample that was used. Intact
OVM rapidly disappeared within 0.5 min in SGF (pepsin/
OVM = 10 unit/ug), and a fragment band was detected at
7 kDa. When the pepsin content in SGF was reduced to 1
and 0.1 unit/ug, the digestion rate markedly decreased.
Intact OVM was still detected after 30 min when the pep-
sin/OVM ratio was 0.1 unit/pg. The fragment bands were
clearer (fig, 2) when a concentrated SGF-digested OVM
solution (pepsin/OVM = 1 unit/pg, digestion times 5 and
30 min) was used, followed by SDS-PAGE. As shown in
figure 2, a strong 23.5- to 28.5-kDa band (FR 1) was
detected at 5 min, while 10- (FR 2), 7- (FR 3) and 4.5- to
6-kDa (FR 4) bands were detected after 30 min. FR 1 and
FR 2 were both positively stained by PAS, suggesting that
the FR 1 and FR 2 fragments have high carbohydrate con-
tents. The time courses for the amounts of intact OVM
and the four fractions are plotted in figure 3, where the
pepsin/OVM ratiois 1 unit/pg. FR | rapidly increased but
slowly disappeared after 2 min. FR 2 and FR 3 also rapid-
ly reached maximum values at 5 min and then slowly dis-
appeared, On the other hand, FR 4 gradually increased
throughout the entire period of the experiment.

Preheating (at 100°C for 5 or 30 min) of the OVM
solution (5 mg/ml in water) did not influence the digestion
pattern (fig. 1). '

Table 1. N-Terminal sequences of pepsin fragments

Digestion Fraction Fragment Residues - . Sequence  Ratid
period ' i ; %2
5min  FRI1 1-1 50-54 FGTNI 7.1
i-2 51-55 GTNIS 11.6
1-3 1-5 AEVDC 6.9
5 min FR2 2-1 1-5 AEVDC 68.8
2-2 134-138 YSVDC 282
5 min FR3 31 1-5 AEVDC 48.4
32 134-138 VSVDC 24.3
33 104-108 NECLL 9.6
3-4 85-89 VLCNR 6.5
30 min FrR 4 4-1 134-138 VSVDC 306
4-2 104-108 NECLL 24.0
4.3 19-23 VLVCN | 206

& Molar ratios of the fragments to the total amount in each frac-
tion,
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Fig. 1. Kinetic patterns of OVM digestion in SGF-containing pepsin.
Digested samples were analyzed by SDS-PAGE followed by CBB
staining. The digestion patterns of OVM without preheating (upper
panels), preheated at 100°C for 5 min (middle panels), and pre-
heated at 106°C for 30 min (lower panels) are shown. The ratio of
pepsin to OVM was 10 unit/1 pg (left), I unit/l pg (middle), and 0.1
unit/l pg (right). Lane M = Molecular weight markers; lanes CI and

Sequence Analysis of OVM Fragments

The sequences of the five N-terminal residues in each
fragment were analyzed, and the data are summarized in
table 1. Figure 4 schematically depicts the identified frag-
ments; the arrows in the upper panel indicate the sites of
pepsin cleavage.

The internal sequences of the FR 1, FR 3, and FR 4
fragments were also identified by LC/MS/MS and are
shown in table 2 and in the vpper panel of figure 4.

26 Int Arch Allergy Immunol 2005;136:23-32

C2 = OVM without pepsin at 0 (C1) and 60 (C2) min; lanes 1-8 =
SGF-digested OVM at 0, 0.5, 2, 5, 10, 20, 30 and 60 min, respective-
ly;, lanes S1 and 52 = SGF alone at 0 {S1) and 60 (§2) min; lanes ] =
OVM without preheating; FR 1 = fraction 1 containing a fragment at
23.5-28.5 kDa; FR 2 = fraction 2 containing a2 10-kDa fragment;
FR. 3 = fraction 3 containing a 7-kDa fragment; FR 4 = fraction 4
containing 4.5- to 6-kDa fragments,

Reactivity of the Fragments with Serum IgE from

Patients with Egg White Allergy

Western blot analysis using patient sera as the source of
the primary antibodies was performed to identify sera
that reacted with intact OVM and the SGF fragments.
Representative blotting data are shown in figure 5, and all
the results are listed in table 3. Ninety-two percent of the
serum samples from allergic patients reacted with OVM,
and 93% of the OVM-positive sera reacted with FR 1

Takagi et al.
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Fig. 2. CBB and PAS staining of OVM fragments following digestion
in SGF (pepsin/OVM = 1 unit/ug) for 5 and 30 min. Lane M =
Molecular weight markers; lane | = original OVM (2.5 pg/lane); lanes
2 and 3 = OVM digested for 5 and 30 min, respectively, and concen-
trated (12 pg, equivalent to the original OVM/lane). Samples were
applied to two SDS-PAGE gels and electrophoresed. One plate (left
panel) was stained with CBB reagent, and the other (right panel) was
stained with PAS reagent.

Fig. 3. Quantification of the SGF-digestion pattern of intact OVM
and the digestion fragments at a pepsin/OVM ratio of 1 unit/ug. The
intensity of each band was calculated using the ratio of the band's
density to the total density of the originally detected band at t = 0.
Values are the mean of duplicate analyses. Similar results were
observed in another set of experiments.

Table 2. [dentified inside sequences in

; o Pepsin  Fraction Residues  Sequence
pepsin- and trypsin-digested OVM digestion c
5 min FR1 83-39 VYMVLCNR
90-103 AFNPVCGTDGVIYD
90-112 AFNPYCGTDGVTYDNECLLCAHK
90-122 AFNPVCGTDGVIYDNECLLCAHKVEQGASVDKR
113-122 VEQGASVDKR
5 min FR3 90-112 AFNPYCGTDGVTYDNECLLCAHK
90-122 AFNPVCGTDGVTYDNECLLCAHKVEQGASVDKR
104-111 NECLLCAH
104-112 NECLLCAHK
104-121  NECLLCAHKVEQGASVDK
104-122 NECLLCAHKVEQGASVDKR
113-122  VEQGASVDKR
134-159  VSVDCSEYPKPDCTAEDRPLCGSDNK
165-185 CNFCNAVVESNGTLTLSHFGK
30min  FR4 90-112 AFNPVCGTDGVTYDNECLLCAHK
104-111 NECLLCAH
104-112 NECLLCAHK
104-122 NECLLCAHKVEQGASVDKR
112-122 KVEQGASVDKR
113-121 VEQGASVDK
[13-122 VEQGASYDKR
165-185 CNFCNAVVESNGTLTLSHFGK

Digestive Analysis and Allergenic Potential
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after 5 min of digestion. Three of the serum samples also
reacted with FR 2, FR 3, and FR 4 after 30 min of diges-
tion.

The three samples that react with FR 2, FR 3,and FR 4
were obtained from patients who exhibited persistent
allergies to egg white. One of these serum samples, No.4,
was obtained from a 3-year-old girl who is presently 6
years old; her total IgE level has decreased slightly to
4,450 1U/ml, but the specific IgE level for egg white
remains at more than 100 IU/ml, and the patient has not
outgrown her hypersensitivity to eggs. Another patient,
No. 13, was a 1-year-old boy; 7 years later, his total and
egg white-specific IgE levels had been reduced to 947 and
6.85 IU/ml, respectively, but eating raw eggs still caused
allergic symptoms. The third FR 4-positive patient, No.
19, was an 11-year-old boy whose total IgE level decreased
to 3,940 IU/ml and whose egg white-specific IgE de-
creased to 13.5 IU/m1 after a period of about 2 years; how-
ever, this patient has also not outgrown his allergies.
These cases and our previously reported data [17] indi-

cate that the induction of egg white tolerance may be diffi-
cult in patients whose serum IgE exhibits binding activity
to digested small fragments of OVM.

Discussion

In the SGF-digestion system, preheating the OVM
(100°C for 5 or 30 min) did not affect the OVM digestion
pattern (fig. 1), consistent with the results of previous
reports [9] in which heat treatment did not markedly
decrease the allergenicity of OVM. On the other hand, a
decrease in the pepsin/OVM ratio dramatically reduced
the digestion rate, suggesting that digestibility may vary
depending on the amount of OVM intake and the condi-
tions of the individual’s digestion system. In its native
state, OVM possesses serine protease inhibitor activity.
Fu et al. [11] and our group [10] previously reported that
intact OVM was stable for 60 min in simulated intestinal
fluid. Kovacs-Nolan et al. [15] also reported that pepsin-

Intact OVM

200kDa— 1 1

976 =| 2

o6 —| "}
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N1 2 345670891201 1213415161718

Digested for 5 min Digested for 30 min

"

L

791 131417

N R3UM4417

Fig. 4. Amino acid sequence and schematic representation of the
SGF-digestion pattern of OVM. The amino acid sequence of OVM is
shown in the upper panel. The arrows indicate the SGF-digested
points according to the results of an N-terminal analysis of the OVM
fragments (table 1); and the underlined regions indicate sequences
identified by LC/MS/MS. Solid line = FR |; dotted line = FR 3;
dashed line = FR 4. Shaded areas represent reported human IgE epi-
topes [16). The lower panel is a summary of the OVM digestion pat-
tern according to N-terminal analysis.

Digestive Analysis and Allergenic Potential
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Fig. 5. Western blot analysis of intact OVM and the fragments with
serum IgE from egg white allergic patients and a normal volunteer,
The fragments were prepared as described in the legend of figure 2.
The number of each strip corresponds to the sample numbers in
table 2.
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Table 3. Reactivity of OVM and pepsin fragments with patient serum IgE

No.  IgEcontent, Wml _Reactivity with patient IgE!
total epg white-specific  intact OYM FR | FR2. . . FR3 FR4

1 3,700 >100 +++ ++ - - -

2 402 3.74 + n.d. n.d. n.d. n.d.

3 251 6.85 + n.d. n.d. n.d. n.d.

4 6,510 >100 ++4 +++ + + ++

5 2060  >100 ++ ++ - - -

6 1,240 12.4 ++ n.d, n.d. n.d. n.d.

7 -4,180 31.3 ++ ++ - - -

8 56 20.1 + n.d. n.d. n.d. n.d.

9 1,355 50.7 ++ ++ - - -
10 22,810 2.11 + n.d. n.d. n.d. n.d.
11 1,463 4.65 + - - - -
12 14,230 0.70-3.49 + n.d. n.d. n.d. n.d.
13 8,000 >100 ++4 +++ + + ++
14 22,490 1.05 +H+ + - - -
15 934 66.3 + n.d. n.d. n.d. n.d.
16 345 20.1 + nd. nd. n.d. n.d.
17 1,500 80 ++ + - - -
18 3,300 >10 - n.d. n.d. n.d. n.d.
19 20,500 26.8 +++ ++ + + +
20 138 454 ++ + - - -
21 940 2.44 + + - - -
22 9 0.70-3.49 + + - - -
23 8§28 0.9 ++ + - - -
24 21 3.50-174 - n.d. n.d, n.d. n.d.

positive/tested 22124 (92%) 13/14(93%) 3/14(21%) 3/14(21%)3 3/14(21 %)?
n.d. = Not done.

! Intensity of the reactivity of each band was evaluated by the ratio to normal serum: - = <1; £ = 1-2; + = 2-5;

++ = 5-10; +++ =>10,
1 Percent of egg white-positive samples.
*  Percent of intact QVM-positive samples.

digested OVM retains its trypsin inhibitor activity. There-
fore, OVM and its pepsin-digested fragments were
thought to be stable in the small intestine,

At a pepsin/OVM ratio of | unit/pg, FR 1 reached a
maximum level after 2 min of digestion, while both FR 2
and FR 3 reached maximum levels after 5 min of diges-
tion; thereafter, FR 1, FR 2, and FR 3 gradually de-
creased. However, FR 4 increased continuously through-
out the 30-min period of digestion and the major frag-
ments were seen after 30 min of digestion (fig. 3). FR 4
was mainly composed of three fragments whose N-termi-
nals were 134V, 104N and 19V (table 1). A C-terminal
sequence, 165N~185C, was also identified in FR 4 (ta-
ble 2). These fragments contain known IgE epitopes [19]
and therefore may cause allergic responses. Three of the

30 Int Arch Allergy Immunol 2005;136:23-32

OVM-positive sera from patients with egg white allergy
reacted positively with the FR 4 fragments (tabie 3).

The present results are consistent with the previous
finding that pediatric subjects with a higher IgE-binding
activity to pepsin-treated OVM were unlikely to outgrow
their egg allergy [17]. For peanut allergies, differences in
IgE-binding epitopes have been reported between the
patients with clinically active peanut allergies and those
who developed a tolerance, regardless of the presence of
high or low peanut-specific IgE levels [20].

The N-terminal residue of the major fragment (4-1) of
FR 4 was Val-134 (30%; table 1). This fragment retains
most of domain III, which has been reported to have sig-
nificantly higher human IgG- and IgE-binding activities
than those of domains I and II [12]. A domain-[II OVM

Takagi et al.



variant has also been reported to cause a reduction in
immunogenicity and allergenicity [21].

Domains I, II, and I1I contain one, three, and one N-
glycosylation sites, respectively [7]. The possible relation
between the carbohydrate chain in domain III and allerge-
nicity is interesting. One report suggested that this carbo-
hydrate chain may play an important role in allergenic
determinants against human IgE antibody [13], and
another report suggested that the carbohydrate chains of
OVM may protect against peptic hydrolysis [22]. How-
ever, the carbohydrate moieties have been shown to have
only a minor effect on allergenicity [23]. As shown in fig-
ure 2, intact OVM, FR I, and FR 2 fragments were
detected using PAS staining, suggesting the presence of
carbohydrate chains, but FR 4 was not stained with the
PAS reagent, despite being clearly detected with CBB.
Therefore, FR 4 might contain little or no carbohydrate
chains. Since FR 4 seems to maintain its allergenic poten-
tial, as described above, the absence of the carbohydrate
chains in FR 4 suggests that they are not necessary for
OVM allergenicity. Since the minimum peptide size capa-
ble of eliciting significant clinical symptoms of allergic
reactions is thought to be 3.1 kDa [24], FR 4 may be able
to trigger mast cell activation and elicit clinical symp-
toms.

In this report, the SGF-digestion kinetic pattern of
OVM was investigated in detail, and the partial sequences

of the fragments in the 4 fractions separated by SDS-
PAGE were determined. Furthermore, the reactivity of
the fragments with a number of serum samples from
patients with egg white allergies was detected using West-
ern blotting. The four fractions were separated according
to their molecular weight and consisted of more than one
fragment, as determined by N-terminal analysis. The
identified sequences that started at Asn-104 and Val-134
in FR 3, as determined using LC/MS/MS (table 2), coin-
cided with the 3-2 and 3-3 fragments in the N-terminal
analysis {table 1), and the sequence that started at Asn-
104 in FR 4 coincided with fragment 4-2. Moreover, the
LC/MS/MS analysis indicated that FR 3 and FR 4 con-
tained other parts of domain II and the C-terminal
sequence N165-C185, which are thought to be minor
components of these fractions. The combination of SGF
digestion and patient IgE may provide useful information
for the diagnosis and prediction of potential OVM allerge-
nicity.

Acknowledgement

This study was supported by a grant from the Ministry of Health,
Labor and Welfare, and the Cooperative System for Supporting
Priority Research of Japan Science and Technology Agency.

of OVM Pepsin Fragments

References
Sampson HA, McCaskill CC: Food hypersensi- 6 Li-Chan E, Nakai 3: Biochemical basis forthe 11 Fu TJ, Abbott UR, Hatzos C: Digestibility of
tivity and atopic dermatitis: Evaluation of 113 properties of egg white. Crit Rev Poultry Biol food allergens and nonallergenic proteins in
patients. J Pediatr 1985;107:669-675. 1989;2:21-58. simulated gastrie fluid and simulated intestinal
Bock SA, Sampson HA, Atkins FM, Zeiger RS, 7 Kato I, Schrode J, William J. Kohr W, Las- fluid-a comparative study. J Agric Food Chem
Lehrer S, Sachs M, Bush RK, Metcalfe DD: kowski M Ir: Chicken ovomucoid: Determina- 2002;50:7154-7160,
Double-blind, placebo-controlled food chal- tion of its amino acid sequence, determination 12 Zhang JW, Mine Y: Characterization of IgE
lenge (DBPCFC) as an office procedure: A of the trypsin reactive site, and preparation of and IgG epitopes on ovomucoid using egg-
manual. J Allergy Clin Immunol 1988;82:986- all three of its domains. Biochemistry 1987;26: white-allergic patients’ sera. Biochem Biophys
997. 193-201. Res Commun 1998;253:124-127.
Bock SA, Atkins FM: Patterns of food hyper- 8 Matsuda T, Watanabe K, Nakamura R; Immu- 13 Matsuda T, Nakamura R, Nakashima I, Hase-
sensitivity during sixteen years of double-blind, nochemical and physical properties of peptic- gawa Y, Shimokata K; Human IgE antibody to -
placebo-controlled food challenges. J Pediatr digested ovomucoid. F Agric Food Chem 1983; the carbohydrate-containing third domain of
1990;117:561-567. 31:942-946. chicken ovomucoid. Biochem Biophys Res
Boyano-Martinez T, Garcia-Ara C, Diaz-Pena 9 Homma K, Aoyagi M, Saito K, Nishimuta T, Commun 1985;129:505-510.
IM, Martin-Esteban M: Prediction of tolerance Sugimoto K, Tsunco H, Niimi H, Kohno Y: 14 ThomasK, Aalbers M, Bannon GA, Bartels M,
on the basis of quantification of egg white-spe- Antigenic determinants on ovaibumin and Dearman RJ, Esdaile DJ, Fu TI, Glatt CM,
cific IgE antibodies in children with egg allergy. ovomuceid: Comparison of the specificity of Hadfield N, Hatzos C, Hefle SL, Heylings JR,
J Allergy Clin Immunol 2002;110:304-309, IgG and IgE antibodies. Arerugi 1991;40: Goodman RE, Henry B, Herouet C, Holsapple
Kotaniemi-Syrjanen A, Reijonen TM, Romp- 1167-1175. M, Ladics GS, Landry TD, Maclntosh SC,
panen J, Korhonen K, Savolzinen K, Korppi 10 Takagi K, Teshima R, Okunuki H, Sawada J: Rice EA, Privatle LS, Steiner HY, TeshimaR,
M: Allergen-specific immunoglobulin E anti- Comparative study of in vitro digestibility of Van Ree R, Woolhiser M, Zawodny I: A multi-
bodies in wheezing infants: The risk for asthma food proteins and effect of preheating on the laboratory evaluation of a common in vitro
in later chiidhood, Pediatrics 2003;111:255- digestion. Biol Pharm Bull 2003;26:969-973. pepsin digestion assay protocol used in assess-
e261. ing the safety of novel proteins. Regul Toxicol
Pharmacol 2004;39:87-98.
Digestive Analysis and Allergenic Potential Int Arch Allergy Immunol 2005;136:23-32 31



15

16

17

Kovacs-Nolan J, Zhang JW, Hayakawa S,
Mine Y: Immunochemical and structural anal-
ysis of pepsin-digested egg white ovomucoid.
Agric Food Chem 2000;48:626 1 -6266.

Besler M, Petersen A, Steinhart H, Paschke A:
Identification of IgE-Binding Peptides Derived
from Chemical and Enzymatic Cleavage of
Ovomucoid (Gal d 1). Internet Symposium on
Food Allergens 1999;1:1-12. http:/fwww.food-
allergens.de

Urisu A, Yamada K, Tokuda R, Ando H,
Wada E, Kondo Y, Morita Y; Clinical signifi-
cance of IgE-binding activity to enzymatic di-
gests of ovomucoid in the diagnosis and the
prediction of the outgrowing of egg white hy-
persensitivity. Int Arch Allergy Immunol 1999;
120:192-198.

18

20

Zacharius RM, Zell TE, Morrison JH, Wood-
lock JJ: Glycoprotein staining following elec-
trophoresis on acrylamide gels. Anal Biochem
1969;30:148-152.

Mine Y, Zhang JW: Identification and fine
mapping of IgG and IgE epitopes in ovomu-
coid. Biochem Biophys Res Commun 2002;
262:1070-1074.

Beyer K, Ellman-Grunther L, Jarvinen KM,
Wood RA, Hourihane J, Sampson HA: Mea-
surement of peptide-specific IgE as an addi-
tional tool in identifying patients with clinical
reaciivity to peanuts. J Allergy Clin Immunol
2003;112:202-207.

32

Int Arch Allergy Immunol 2005;136:23-32

21

22

23

24

Mine Y, Sasaki E, Zhang JW: Reduction of
antigenicity and allergenicity of genetically
modified egg white allergen, ovomucoid third
domain, Biochemn Biophys Res Commun 2003;
302:133-137.

Matsuda T, Gu J, Tsuruta K, Nakamura R;
Immunoreactive glycopeptides separated from
peptic hydrolysate of chicken egg white ovomu-
coid. J Food Sci 1985,50:592-594.

Cooke SK, Sampson HA: Allergenic properties
of ovomucoid in man, J Immunol 1997;159;
2026-2032.

Kane PM, Holowka D, Baird B: Cross-linking
of IeE receptor complexes by rigid bivalent
antigens greater than 200 A in length triggers
cellular degranulation, J Cell Biol 1988:107:
969-980.

Takagi et al.



(RO FATHAI VP ZAOHBH—E

] Electrophoresis 2004 ; 48 : 163

RABNEYRARYZ pO A P ——)

LC/MS/MS &l 7B s v o8 7 B OFEgRIENT
— SR S B R O S EE OB —

FEE0& - RE

&= NMEFF - BHAE - BB - NIE & RIEX

SUMMARY

Liquid chromatography/tandem mass spectrometry (LC/MS/MS) is a powerful tool for
the analysis of glycosylation sites and of site-spectfic glycosylation in a glycoprotein. The
glycopeptides in a complex mixture of tryptic digest can be separated and monitored by
using oxonium ions produced from a carbohydrate moiety through CID-MS/MS. Based on b
and y ions in the product ion mass spectra, peptides can be identified, and the structure of
carbohydrates can be deduced from B ions and the molecular weight of precursor glyco-
peptide. Here we show the site-specific glycosylation analysis of a-fetoprotein and an SDS-

PAGE gel-separated GPI-anchored protein.

Key words: LC/MS/MS, glycopeptide, product ion scan, QqTOF-MS, gel-separated protein.
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R HEET L2 v A7 BOES U L NEHTINE
ZFTWEEEbRD L 5w, EHEMIY, TELBRE
B0 15ChB. BH& VA2 BOEENS L, HEE

TN EL, AR BE - EES LT
TT32 L RH6RTWBI™Y 2 neeE S RT
BYER v A7 BoBEHORERRET L0, 6T
LEESENEOTEEL A TE I LR bLATHS
H, BEMELUCESSN Y ofReES L TWish B
LT A ENBEETHA.

By o< X574 — /8 vF 2Bk LC/MS/
MS) iz, # v 27 BOBERBLC I > TBbhF+
LT+ FOESYY LC TAHELAERE, FvsAv
T MS/MS %47 3 DB bhTna, EFF VD
LI PG YA P AR F FRETTRL, B
FEETAT IS OFENS TR TS DT, LC/MS/
MS ¥ RAEEENCIFECERTH B Lo, &
BORTFFE—2 DELBERTF FE— 7 2EETS
DRELL, OWHhiEHESTF Fov—2 28T 25505,
BT FETOB LT3,

RFF Y ERTFFOFERL, EFF PRt S

FHEELT, LC ETRAFT KL, MS/MS TRAIT5
FENDD. WFEOFELELT, Cpup T2 LEBE T v 2=
T ARBHERERTER T+ P BRI B R
BHEVR, L2F v FARAVWTERFF PRENL,
EHWKHPLC THMT 2754 2% ¢ » FEISRBER
hoTwb, MS/MS CERIT5HE & LT, By
fod ¥ v = &4 A v ([HexNAc]t; m/z 204, [Hex-HexNAc]™;
miz366 F) RFRAL T, HLvF FeEET s HE0Mab
h, AvY—A7FTrvFaav® 2 Fyp—y_
AFV A VIO RFRLLHENEEINT VS, 1 v
VA7 S AVvF—va v RHAWEES suwb XS
LA ETDOELEI OB~ VYOREHEBEYRET A L
BTEBN, TVt v ERET L ENTEY,
BHMBEMED ARSI VAR a2 b4 F v A
7 PO, BRFFFOf F v REE LRI
ebipwvs. Thigd LT, 7V —9—1FvAF 3 Vi,
B7F P v eRHETAZLRTESLN, Fuafsb
A F v Az b ARELRI D, P PRl
TEHEFENE LRI v o e END 5.

T, Brid, BohBEo<F+ P ExF+r
DF7aFI L FVARRI Y ADRG, FFEV =T AS
FUREEL LT, 7 FEhETETaF 7 b4
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vASZ MARBRBREOEL, FFPERETLE
AR, ESEELRTT B EERAV W20, LT
M ERRTERAEESHTE (quadrupole time of flight-
MS, QqTOF-MS) % fwv-T, SEASRAEES v 47 EHD
PP BT LEfE LT -7 = T T4 v (AFP) &, B
SRETTEE i 5 » b MR Glycosylphosphatidylinositol
(GPI) 7vr—Bav Ry BORieBNT5.

I. LC/MS/MS % B 7oiEs /37 B EsEzn
—¢-7z b FOTA4 » (AFP) OET—

M FET o v A2 Bohch, EREFRID
EAEEEE N (T B D Lk, BMiv—2—ELTH
WHERTWASDHRBHH Y, rofkFENRIVvAZEEL
T AFP M6 h T\ 5. AFP i3, N-R5&EUESE ke
(Asn233) MN—ERFFET 55 FEH 68,000 OMFE R v
Ay BT, FHBEBCRT, ETR%mGINAc D7 7 &
AERIENT B END, VIFYT 74274 —BR
KB LA as 7oy bEAOERESHMCHBERTY
5121 LC/MS/MS % F\T, AFP ORE% FAIC AT
TEB Y ywhhuE, 4%, XyvflifEr, BEoRBOYVY
Fc, BEBEATERIC S - LR E RS 22T
1r, BEEIMER AFP oW TR R T » efid .

Fig. 1 (A) i3, AFP 28T v ¥ 23 44{LL, BiE
%+ TR, LOMS 5T b 0TS
%, RFFE - ERIFVREEHOLDHE O v MK
HIhTVAH, 7F— 2 EKEMMSMS 7—2# (Fig.1 (B))
DO mz 204 ([HexNAC]Y) 2 E=5—FT32:RRI-T
(Fig. 1(C)), ER7F ViLlETH a7 b M XV AR
7P AR T ENTEL,

FlxiE, Fig.2 3, 24 SREBIARESTFV n/z
10618*) DT o X2 b A A VA2 P ATHE BFFE
flic, m/z204 ((HexNAc)) whnk T, ¥ H¥T5miz
168 ([HexNAc-2H,01*), m/z 186 ([HexNAc-H,01") BT
m/z 366 ([Hex-HexNAc)®) ®, 7 ot BiRT % m/z 202
(NeuAc]™) ZUim/z274 (NevAc-H,01") @ B A v
HXhTWV5 BYFEMKE, =77 ¥ VNFTEIQK i<
ETBAAY m/z9785) &, bRUTy A4 vHEREEINT
5. Fig.2 BDEI~<75 ¥ INFTEIQK 255U 5b K
Oy A +voBHRmn/z B2RL, £OFTRFTRINL
B, B TuFrrAtvatz b bTREShE
4+ vEFRLTWD. b, =7F Vit HexNAc 321 %
B2 8F, EhbikHax N1 ~35FHE L/ v
Hah, N-BoBHgE#oa7HovHRETIILRTE
3. EHEEEE, TufrrAF VAR A EOBA A
v ¥, TOF-MS TR Hh i~ 7F FOSF& (31823 Da)
M7 F FOBRBSFE (9775Da) ¥ELFCIER
I BLhESTE (22228Da) b, vT7ABKR2ST

AL 2 RBEBE el LEEZhE. COLOK, Mz
24 PR AT a2 b AV ARZ b ALEDTY
H—t—A XV EFBITTHIERI-T, AFPRERTS
EML T T A - LATEETH B (Table 1),

e K AFP OREAEEE, Chi T x 7 v
DL rFVSEELL-THHEhTEDY, ERPYTH
2 AHEESTHE - LN HEShTW3Y . $@ED L/
MS/MS S OIERT, Fofb, 77 afEH, 3 &#E
R AREMERESLTWA Z LAREEHh, BER
BIET, LD EHCEERENITTE B L LD,

LLEDX 5, v =7avEETELT, B
FEVFEOFaFr b A F ALY P ARROTETHEIL
RFFVEODy I AVRUEHOB A F b br7F
FORE L ESEMOBEHRERT I L LRTETSHE T
ik, SRR EERERITCERTHS. ki, LC/
MS/MS ik 2E~7¥ FEEY, BRUXKEETHES
hi-gEx v A7 BoECIGR Lt T

IL LRSS 137 B O SR
—S . NP GPI 7 h—RY 7 HORBIT—

B - FEROMAE b, MRRNZEED Y SRR
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Fig. 1. LC/MS/MS of AFP, (A) TOF-MS full scan at m/z 700-
2000, (B) product ion scan at m/z 100-2000, (C) product

ion scan at m/z 204,
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Residue  Mass b b-NH3 ¥ y-NH3
v 9907 | 10008 83.05 97853 96150
N 11404 | 21412 197.09 37946 96243
F 14707 | 36119 32416 76541 74839
T 10105 | 46223 44521 41835 60132
E 12904 | 59128 57425 517.30 506027
1 11308 | 7T04.36 68733 8826 13712
Q 12806 | $32.42 B153% 27517 258.14
K 128.10 | 960.51 943.49 147.11 130.0%
M.W, 3182.3
Peptide 9775
CHO 22228
[Mex];[HexNAc] [NeuAc],
peptide
978.5095
1181.6243
162 162 162
203_“203_“ >
S - 15479228 V3718487
-Ilr‘lll wbisal ..I...Ll-.......i.- ,..l u_nul:.. .
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mjz

Fig. 2. Product ion spectrum of a glycopeptide (m/z 1061.833%) at 24 min,

2000

Inset table shows theoretical m/z values of b and y ions, and ions detected by MS/MS are
indicated by bold face.

Table 1. Glycosylation analysis of AFP

I;?ak Peptide sequence (thaeoretical REtenﬂ?n Observed m/z Carbohydrate composition Cgriggﬁl;;fie czr}i)?l'f;;l:(ile
0. peptide mass®) time (min) (charge) s
mass mass
1 KVNFTEIQKL (977.5) 23 1013.43(3) [dHex],[Hex][HexNAc],(NeuAc), 2077.8 2077.7
23 1519.67(2) [dHex];[Hex]s[HexNAc][NeuAc], 2077.8 2077.7
23 1081.29(3) [dHex],[Hex];[HexNAc];[NeuAc), 22314 2280.8
23 1621.44(2) [dHex],{Hex][HexNAc)[NeuAc], 22814 2280.8
23 1446.62(2) [Hex][HexNAc],[NeuAc), 1931.8 19317
23 1118.67(2) [Hex],[HexNAc]y 1275.9 12755
23 1264.05(2) [Hex],[HexNAcl[NeuAc); 1566.6 1566.6
23 1110.48(3) [Hex],[HexNAc];[NeuAc], 1566.6 1566.6
24 1665.44(2) {dHex];[Hex]s[HexNAc],[NeuAc], 2369.4 2368.8
24 1178.33(3) [dHex],[Hex]s[HexNAc);[NeuAc], 2572.5 2571.9
24 1061.78(3) [HexJg[HexNAcl,[NeuAcl, 22229 2222.8
25 1592.17(2) [Hex];{HexNAc],[NeuAc), 22229 22228
2 KFTKVNFTEIQKL (1353.7) 27 1236.04(3) [dHex],[Hex];[HexNAc],[NeuAcl, 2369.4 2368.8
27 1853.29(2) [dHex],[Hex);(HexNAc],[NeuAc), 2369.4 2368.8
27 1187.17(3) [Hex][HexNAc],[NeuAc), 2222.8 22228
28 1780.23(2) [Hex);[HexNAc],[NeuAcl, 2222.8 2222.8
28 1303.56(3) [dHex),[Hex];[HexNAc)j[NeuAc), 25720 25719
28 1138.84(3) [dHex),[Hex)s[HexNAc], (NeuAc), 2077.8 2077.7
28 1206.52(3) [dHex],[Hex)s[HexNAc);[NeuAc], 2280.9 2280.8
28 1090.14(3) [Hex);[HexNAc],[NeuAc), 19317 1931.7
28 1322.75(3) [Hex)[HexNAc) [NeuAcl, 2629.6 2628.9

# Monoisotopic mass value.

BECEL B T3 EE2LR T3, Lil, #&
BEFVAZBTHHI b, BESERT, S
ErENMBLhY, S oz v A7 BoBESEEINEL
PIINRTVRV, 2 VA7 BESYOSEE LB
P& E LC/MS/MS BT LY » T, Zhb Dl
BEYRITTER LIRS, LT, GPIRALTE

AT GPL 7 v —H 2y v 52 BOBEFER T - 12

BITH 5.

Z v b B0 R B4 2 b, Phosphatidylinositol-specific
phospholipase C (PIPLC) {HLiz X » T§ & h e 7 ##E GPI
Tvh—EarvA7EFY BEAARFLT IV 252
{t#, SDS-PAGE THBELY: (Fig.3). ®%, Y1 HOX
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VA ERIER, LRI eFT ¥k B3k
~TFFOREACTTLRATWBL, EHEERT LT
5E, TRUOERTF FETH ¥ RBEOCRE CEIRT
BEHENED. 2T, ¥AX s Ay BEMBE, b
Vv EEET I HEEBAL

Fig. 4 (A) 3, "v F1%§FvEL, 1%8DS 2AWT#
VA 2 BRI b Ty E{ER T, LOMSMS ST
BTt bDThHD T, F-E-2BRFROERE -~
v ¥ 12, Thy-1 eEEEhi. Thy-1id, RET2 7Y v
A7y iV —RBTAGPI 7 va—Hr v s HET
b, 3EETO N- SSEEHEAINETAL (Asn23, 74, 98) ®
HT37 i o BBERIL O v A7 HTh D (Fig.5).
Zo, AFP LA, m/z204 #IBBLE LT, £<7FF
DTuHr A FVART FADENS, BSF DT
g7 b Ay ARERMCIYH LA (Fig. 4
Q). *RAbOTuF I A F VAR PARTT Y & —
H—A 4 O TOF-MS 236, TLRU T2 R S hizg~
7 i, FREhG< v —ABEENES Lic Asn23
&7 ¥, His21-Phe33, R0 His21-Arg37 CH b,
T3 RU T4k, HERRUEREMEHE &4 L Asn74 %
SHERTF K, Valb9-Lys78 TH 5 & & H¥]- 7z (Table 2).
Fig.612, T3 BRI R~ 7F VD 5B, m/z15322%
PRTESNIF YOI o VAV AR P ATHD. B
SF M, AFP CHRE X i1 4, miz 168, 186, 204,
366 iinz, m/z528 ([HexJ[HexNAcl*), m/z569 ([Hex]
[HexNAcl,*) %, m/z512 ([Hex][HexNAc][dHex)*) %® B

(kDa)
250— | 1.
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Fig.3. SDS-PAGE of lipid-free GPl-anchored protein prepared
from rat brain.
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Fig.4. LC/MS/MS of rat brain Thy-1, (A) TOF-MS full scan at
m/z 7002000, (B) product ion scan at m/z 100-2000, (C)
Product ion scan at #/z 204.

4 FvRBEEIhTED, Gall-3(4)(Fucl-4(3))-GicNAc %
EhEtrz LANEEERLE BFFEMRE, ~FFViC
BETHAF v (m/z11076) L b Ry 4 v B2,
VLTLANFTTK +tEE& i (Fig.6 PoFE). FTi, =7
F Nz HexNAc, HexNAc-HexNAc, HexNAc-HexNAc-Hex
BEESGLi A vARHIRTWAfE bk, Zhbic
dHex 1 B FERES LA vIRBREIWTHE I ERD,
EABEHFEOaTHEFHE 7 3 AT h T 5 2 EHRY
%, EoNEr, TOF-MS THELhLE<7F YOFTE
(3062.4Da) inb, 7 F FORBHSTE (1106.6 Da) ¥ 2=
LAk o ki X h BLAEHSTE (1973.7Da) 25,
Fig.6 fomt L 5 i chH D LBHEShD. Table2 i3,
R LR, Thy-l AT L EESRAEH
BEThH.

50
ORVISLTACL VNQNLRLDCR HENNTNLPIQ HEFSLTREKK KHVLSGTLGY

100
PEHTYRSRVN LFSDRFIKVL TLANFTTKDE GDYMCELRVS GONPTSSNKT

INVIRDKLVK C
GPl-anchor

Fig.5. Amino acid sequence of rat Thy-1.

Glycopeptides produced by trypsin are underlined. N-
glycosylation sites are indicated by bold face.




J Electrophoresis 2004 ; 48 : 167

Carbohydrate
B ions
r ~
04.0867 Residue  Mass b b-NH3 ¥ y-NH3
] V9907 | 10008 3305 1I107.64 1090.61
L 11308| 21316 19613 100857 99LSS
400 T 10105| 31421 2978 89549 87846
L 11308 | 42729 41026 79444 77741
A 7108 | 49833 48130 68136 66433
] N L1404 | 61237 59535 61032 50328
100] 366,138 FoOi4707| 75944 74241 49628 47925
= T 10105| 86049 Ba34E 34921 33218
g 168 T 10105| 96154 94451 24816 23113
2 1 K 128.10] 108063 107260 147.11 13000
H
%]
= 2004 | Peptide MW, 3062.4
a6 0157 1107.6438 Peptide  1106.6
CHO 1973.7
Ilﬁz , {dHex],[Hex] [HexNAcl,
] 146 146 Fuc
10 GlcNAc-< GalGkNAc-M Fie
1310.7316 e - Man- o n-GlcNAc-GlcNAe
GlcNAc-Man-
1512.1909 1513.7896
456.7250 6757940
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Fig. 6. Product ion spectrum of a glycopeptide {m/z 1532.221) at peak 29.5 min. Inset table shows theoretical m/z values of
b and y ions, and ions detected by MS/MS are indicated by bold face.

Table 2. Glycosylation analysis of rat brainThy-1

Peptide sequence

Calculated  Theoretical

I;g? (theoreticalapeptide Glycoss;zr‘laatlon tli{;t:?;ﬁ:; Ob(s:;:r egder)n/z Carbohydrate composition carbohydrate carbohydarate
mass?) mass mass
T1 H21-F33 (1591.73) N23 239 991.1(3) [Hex]y[HexNAc], 1396.6 13965
239 1486.2(2) [Hex][HexNAc], 1396.6 1396.5
239 1045.1(3) [Hex),[HexNAc], 1558.7 1558.5
240 1567.2(2) [Hex];[HexNAcl, 1558.6 1558.5
240 937.1(3) [Hex];{HexNAc], 12345 12344
240 1405.1(2) [Hex][HexNAc], 12345 1234.4
T2 H21-R37 (2048.99) N23 255 1197.6(3) [Hex),[HexNAc], 1558.6 1558.5
25.6 1143.5(3) [Hex]g[HexNAc), 1396.6 1396.5
256 857.9(4) [Hex],[HexNAc), 13596.6 1396.5
25.7 1089.5(3) {[Hex];[HexNAc), 12345 1234.4
25.7 817.4(4) [Hex];[HexNAc], 1234.6 1234.4
25.9 1633.8(2) [Hexls[HexNAc], 12345 12344
T3 V69-K78 (1106.62) N74 255 1686.3(2) [dHex];[Hex];[HexNAc]; 2282.0 2281.9
296 1124.5(3) [dHex]s[Hex]s[HexNAc]s 2282.0 22819
29.6 1532.2(2) [dHex],[Hex][HexNAc]; 1973.9 1973.7
29.6 1021.8(3) [dHex],[Hex],[HexNAc); 1973.9 1973.7
29.7 1162.6(2) [Hex)[HexNAcl, 12345 12344
29.7 1491.2(2) [dHex],[Hex][HexNAc]; 1891.8 1891.7
29.7 1592.8(2) [dHex),[Hex][HexNAc], 2094.9 2094.8
29.8 1378.2(2) [dHex],[Hex];[HexNAc]g 1665.7 1665.6
20.9 919.1(3) [dHex],[Hex][HexNAc]g 1665.7 1665.6
29.8 1438.7(2) [dHex],[Hex][HexNAc], 1786.8 1786.7
303 959.5(3) [dHex],{Hex]s[HexNAc], 1786.8 1786.7
299 1511.7(2) {dHex],[Hex];[HexNAc], 1932.8 1932.7
30.0 1008.1(3) [dHex],[Hex])s[HexNAc], 19328 1932.7
30.0 1519.7(2) [dHex];[Hex];[HexNAc], 19488 1948.7
30.0 1572.2(2) [dHex];[Hex],[HexNAc], 2053.9 2053.7
30.1 1499.2(2) [dHex];[Hex][HexNAc]; 1907.8 1907.7
30.2 1276.6(2) [dHex),[Hex]s[HexNAcl, 1462.6 1462.5
30.2 1337.2(2) [dHex],[Hex][HexNAc], 1583.7 1583.6
317 1860.4(2) [dHex],[Hex]s[HexNAc]s[NeuAc], 2630.1 2630.0
7 1240.6(3) [dHex],[Hex];[HexNAc]s[NeuAc] 2630.1 2630.0
319 1706.3(2) [dHex),[Hex],[HexNAc] [NeuAc), 23219 23219
T4 V69-K78 (1106.62) N74 321 1563.7(2) [dHex],[Hex];[HexNAc]s[NeuAc]; 2036.8 2036.7
321 1482.7(2) [dHex],{Hex}[HexNAc]s[NeuAc]; 18747 1874.7
321 1584.2(2) [dHex],[Hex]{HexNAc],[NeuAc]; 2077.8 2077.8

2 Monoisotopic mass value.
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7 v MO Thy-l O N- EE&REH WL, thET
ity 5 2SR AWTHERE Thy- 12k ¥ 7 i
b, BT+ VI LREHPTIDVL, Y1580, =
Fy LY 2 d—EHEEYRCTHR LEANRES R
T3, Asn23wit, Bwv/ — AR (M5, 6) 5, Asn74
i, a7 7 v AR hi-HEEEHL, ~ 17—
PLLTAATY oy PREIBERURE v 2 — ABIBHNE
ELTVWBZ ERHLAR IR TN BN, BRXE L
LC/MS/MS #Aafbeb o bink -7, BEBOEs v 4
7AY, PR IcBER X DEFERBCEITTE S
ZERPnD. M, Asnds AT AEHERUGPL 7 v —
oWTiL, P T vBkR o THOhEERTF Y
OEKENE L, LCh FafE 3k otoin®, ftid
BEZEHt - THbhE~TF VBT L
LoTHLRZLTWS (F—2 A,

LEDX 5K, LOMS/MSIZEBRTF VN ST+
zy v IEknwt, BBty ALY
PRWTHE VD Faxrt4rvaty b AERD
WthAEL, #vA7BYRAETS LR, BHESE
MRBREL, EOWEs:OBEEREYEETA L2
T3 2&KTHPLC EofiEsbe®, 2RTBRNK
BCoBIREs A7 BORTLTETHBZ & h
b, &, Fy34a7urt iz 200FCHISIER
Hfxhs.
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LC/MS/MS 12, 7 ¢ 7 BEECFISBicing, FESUEAE ]
TABRECOVTLBLZ EHATE, B7s VORI
LHERTHS. QQTOF-MS * fiv iz LC/MS/MS 11, -7
FFPrOY—2%EEL, I+ FYEEL, SRS
BT EEHRLBL I ENTED. AT, HETFE
OFEFFIE LT, APF RUBERKBvaahicGPI 7 v
H =Bz vy BoBERFERT.



