tems, Foster City, Calif., USA)or an HP G1005A Protein Sequenc-
ing System (Hewlett-Packard, Palo Alto, Calif., USA); each fragment
was analyzed for 5 cycles.

Carboxymethylation and Peptide Mapping Using Liguid
Chromatography/Mass Spectrometry/Mass Spectrometry
(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 mM 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-HCl buffer {pH 8.6) containing 8 M guanidine
hydrochloride and 5 mAM EDTA at room temperature for 2 h. To this
solution, 1.5 mg of monoiodoacetic 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/pl in 50 mA/
NH;HCO;).

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 Capl.C (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 [ 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 electrical 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 ternperature 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) antibedies (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, Japan), 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/pg), and a fragment band was detected at
7 kDa. When the pepsin content in SGF was reduced to 1
and 0.1 unit/pg, the digestion rate markedly decreased.
Intact OVM was still detected after 30 min when the pep-
sin/OVM ratio was 0.1 unit/ug. The fragment bands were
clearer (fig. 2) when a concentrated SGF-digested OVYM
solution (pepsin/OVM = | unit/ug, 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 QVM
and the four fractions are plotted in figure 3, where the
pepsin/OVM ratio is 1 unit/ug. FR 1 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 - Ratio
period : %?
S min FR 1 1-1 50-34 FGTNI 73.1
1-2 51-55 GTNIS 11.6
1-3 1-5 AEVDC 6.9
5 min FR 2 2-1 1-5 AEVDC 68.8
2-2 134-138 VSVDC 28.2
5min FR3 31 1-5 AEVDC 48.4
32 134-138 VSVDC 24.3
3.3 104-108 NECLL 9.6
3-4 8589 VLCNR 6.5
30 min FR4 4.1 134-138 VSVDC 30.6
4-2 104-108 NECLL 240
4.3 19-23 VLVCN 20.6

*  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 100°C for 30 min {lower panels) are shown. The ratio of
pepsin to OVM was 10 unit/1 pg (left), 1 unit/l pg (middle), and 0.1
unit/] pg (right). Lane M = Molecular weight markers; lanes C1 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 upper panel of figure 4,

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

C2 = OVM without pepsin at 0 (C1) and 60 (C2) min; lanes 1-8 =
SGF-digested OVM 2t 0, 0.5, 2, 5, 10, 20, 30 and 60 min, respective-
ly; lanes S1 and 52 = SGF alone at 0 (81) and 60 (52) min; lanes I =
OVM without preheating;, FR 1 = fraction 1 containing a fragment at
23,5-28.5 kDa; FR 2 = fraction 2 containing a 10-kDa fragment;
FR 3 = fraction 3 containing a 7-kDa fragment; FR 4 = fraction 4
containing 4.3- to 6-kDa fragments.

Reactivity of the Fragments with Seruni IgE from

Patients with Egg White Allergy

Waestern 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 §, 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 |

Takagi et al.
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Fig. 2. CBB and PAS staining of OVM fragments following digestion ~ Fig. 3. Quantification of the SGF-digestion pattern of intact OVM
in SGF (pepsin/OVM = | unit/ug) for 5 and 30 min. Lane M =  and the digestion fragments at a pepsin/OVM ratio of | unit/ug. The
Molecular weight markers; lane 1 = original OVM (2.5 pg/lane); lanes  intensity of each band was calculated using the ratio of the band’s
2 and 3 = OVM digested for 5 and 30 min, respectively, and concen-  density to the total density of the originally detected band at t = 0.
trated (12 pg, equivalent to the original OVM/lane). Samples were  Values are the mean of duplicate analyses. Similar results were
applied to two SDS-PAGE gels and electrophoresed. Cne plate (left  observed in another set of experiments.

panel) was stained with CBB reagent, and the other (right panel) was

stained with PAS reagent.

Tabie 2. Identified inside sequences in

pepsin- and trypsin-digested OVM Pepsin  Fraction Residues Sequénce

digestion

5 min FR1 83-89 VMVYLCNR
90-103 AFNPYCGTIDGVTYD
90-112 AFNPVCGTDGYTYDNECLLCAHK
90-122 AFNPVCGTDGVTYDNECLLCAHKVEQGASVDKR
113-122 VEQGASVDKR

5 min FR3 90-112 AFNPYVCGTDGVTYDNECLLCAHK
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 2nd Allergenic Potential Int Arch Allergy Immunc 2005;136:23-32 27
of OVM Pepsin Fragments



1 11 21

1 AEVDCSRFPN ATDKEGKDVL VCNKDLRPIC GTDGVTYTND CLLCAYSIEF GTNISKEHDG

61

ECKETVPMNC SSYANTTSED GKVMVLCNRA FNPVCGTDGY TYDNECLLCA HKVEQGASVD
4

31 41 51

I | |
160

120

121 KRHDCGCRKE LAAVSVDCSE

o e

181 SHFGKC
Domain  ; o Domain Domain
10 I 11 III QQ}\ 175
Intact C
owm N )
1 64 65 130 131 i86
% N-glycan "I}& N-glycan (partial)
Fragments 2-1, 3-1 Fragments 1-1, 1.2
3 min ! 50 and 51
o Fragments 2-2, 3-2 [ L ]
134
FR1,2,3 Fragment 3.3 BRESNEERR_— ]
104
[————— :
B Fragment 4-3 Fragment -1 1
30min 134
FR 4 Fragment 4-2 BRI

28

Int Arch Allergy Immunol 2005;136:23-32

Takagi et al.



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 TU/ml, but the specific IgE leve! 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 1U/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 TU/ml and whose egg white-specific IgE de-
creased to 13.5 IU/ml 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

) - H B

200 kDa =

976 —|
66 —| -
5o

30 =
a1 -} fo
w3 =|-

N A F B N . . [

N12 3456789 101112131415161713

Digested for 5 min Digested for 30 min

B144 17

N 145791 131417 N

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 1; 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. 8. 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.' .Ig_E'c__o;_l'tcnt__, lU/ml o

' egg white-specific

'Reactivity with patient JgE!

FR 4

total intact OYM  FR} FR2 FR3

1 3,700 >100 +44+ ++ - - -

2 402 3.74 n.d. n.d. nd. n.d,

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

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

5 2,060 >100 ++ - - -

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

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 + - - - -
i2 14,230 0.70-3.49 n.d. n.d. n.d. n.d.
13 2000  >100 +++ +++ + + ++
14 22,490 1.05 4+ + - - -
15 934 66.3 + nd. n.d. n.d. n.d.
16 345 20.1 + n.d. n.d. n.d. n.d.
17 1,560 80 + - - -
18 3,300 >10 - n.d. n.d. n.d. n.d.
19 20,500 26.8 +++ ++ + + +
20 138 45.4 + - - -
21 940 2.44 + - - -
22 91 0.70-3.4% + - - -
23 828 0.9 ++ + - - -
24 21 3.50-17.4 - n.d. nd. n.d. n.d.

positive/tested 22124 (92%)2 13/14(93%)® 3/14(21%) 3/14 (21%)% 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,
2 Percent of egg white-positive samples.
3 Percent of intact OVM-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 1 unit/ug, FR | 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 (table 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-IIl OVM

Takagi et al,



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

Domains I, II, and III contain one, three, and one N-
glycosylation sites, respectively [7]. The possible relation
between the carbohydrate chain in domain II 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 1, 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,
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SUMMARY

Liquid chromatography/tandem mass spectrometry (LC/MS/MS) is a powerful tool for
the analysis of glycosylation sites and of site-specific 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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DORELL, WHhEERTF Vo — 27 %803 555,
BT VRO E oo T 5.

RTFV - FERTFVORML, BT PRENT D

FEELT, LC Le@#il+ 5k L, MS/MS GEFIT %
HENDD. MEOFLELLT, Cyur 52 LERT v 2=
U AR R TR P VR BRI B e
PHEVR, vy vr I AaRHAWTERTF FRERL,
AL HPLC THETDH /51 a++ » FEEVSAEER
ATwB, MS/MS CTREITHHEE LT, BfcERDy
fed ¥ v =% 444 v (HexNAclH; m/z 204, [Hex-HexNAc]*;
m/z 366 %) XFIAALT, 7+ F2BET 5k 0
h AV —RA7572vF—wzv® B FYHh—yp—
AV AF VIO LFBLAEFENBEIRTNG, 1V
P=RARTFS AT avERWREES, sewbh S
LA ETOBEIFOE~ T FOBHRIBYBETL L
TELN SV —H— A A RET B LANTET,
BHABHEDAZRRI VARUZ oL 7 b v A~
P EADEEND, BTFOSFrREELRRIT
By, ThicH LT, 7V —%—44vaE e il
B+ P4 v BETHILIRTEDR, Yasfy b
A AV Ay b AL RIS, T F RSB
TAHABEIME ARV WS RE S B,

LT, BReil, HOhLBHORTFF - EF5YV
D77 bfF VAR bADEhd, %V =04
FURBELLT, BXFFrohETs T e s 44
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vARy b ARBROCROIBL, ~7FFERETLLE
R, SARERENT A AREYAVTLEYY. LT
R OEERTREEER SIS (quadrupole time of flight-
MS, QqTOF-MS) # T, iRz v <7 HED
AR LBl LT, -7 = P T TS v (AFP) &, B
SO TREEI R T » F BP Glycosylphosphatidylinositol
(GPD) 7va—H8zv 7 BOGH¥BNT5.

L LC/MS/MS 2R 7=iEy 1 BOEHERN
—e-7zx b 7074 (AFP) OFRiT—

mEhrFETaEs v A7 Eodriy, KEFT XD
BEOEMENTLT A ED, Biiv—F L LTH
WHhTWALDNH DY, FoRERRLVyA7EEL
< AFP #rEb T 5, AFP i3, N-RS& BRI
(Asn233) P —BFEET 55 TR 68,000 OmFE S v
A BT, FEREeisnT, ELFEGIcNAc D7 2y
AERAINT B D, VIFVT T4 =T 4 —BR
WBIE A a2 7oy b EAVWEREEZECIAIRTY
5121 LC/MS/MS % VT, AFP OBESUR B AR
a3 Loichid, &, X ofiiEr, RogEovy
Fae, BB ETRRc s s IR ER S, LT
13, BEimeE AFP oW TR RT - 1o fl R T T

Fig.1 (A) i1, AFPRETH Atz 2F{LL, BiE
% Or U 7oy HERTe, LOMS i T d OTH
5. _FEN ETF FEAPOLDE DA F VIR
HIATWED, F— 2 KERHMSMS 7—2 (Fig. 1 (B))
OO miz 204 ((HexNAc]") #®x=F—THL L L»T
(Fig. 1(C)), <7+ FrhkTs7ads b4 FvAas
ZWAREHHTIERTES.

FixE, Fig.2 i3, 24 PREBEHIALESTFF (n/z
10618 D7 a2 b4+ v A7 A THE BFTR
iz, miz204 (HexNACY) winz T, EHICHET D miz
168 ([HexNAc-2H,01*), m/z186 ([HexNAc-H,0]") RU
m/z 366 ([Hex-HexNAc]") &, v 7 v S 3k T 5 m/z 292
(NeuAc]”) KU m/z274 (NeuAc-H,0]*) @ B 1+ v
HEhTw3 BaFEMKL, ~7F F VNFTEIQK E
¥TBA 4V (m/z9785) &, bRV y 1+ vHRRHEINT
\5. Fig.2 foFEiz~<75 F VNFTEIQK 264U % bR
Ty 4 AvOBREm/izERRL, FoPTRETRINL
B, EBE FuFrbAdvaz bt hic
A+ VERLTWS, Ebic, =7 F FI HexNAc 21 ¥
2T, XbitHex M1 ~3 3 FRE LA A VIR
HEh, N-ESTESE0 2 7S 2BAETHENTE
5. FSREY, ToF 2 AT v ARZ A RDBAF
v &, TOF-MS THAbhfE< 75 F o5& (31823 Da)
b7+ FOBRSFE (9775Da) RELFICZ LR
I BLREGTE (22228Da) 2b, VT AEBRB2RT

EALL 2 AP THAL LHTEIRD, 0L 5K, m/z
204 BRI N T B AT VAR P ALTDTY
Bt A AV RENTALIC X T, AFPEETS
AT A LOTAEETH D (Table 1),

s 3 AFP DS, Thi T2 F bR
SrrFvFESCEoTHidh TR, ELYv 7
o AT TH B C EAREIhTw2Y, $@o LC/
MS/MS S #fi DFERT, o, 77 wiEfl 3588
WORRESESENMES LTV LR REHh, MR
BET, LM EMEBENRIITEL I b,

DEDXbm, #Fv=0altvE2ERLLT, BN
S DT L s b d v ALS P AR THER,
_FFFOLy A AV RUEHEOB A v LiTTF
FORELBECEHBOBEETEYTO T ENFETHE L
5, A REMEAITCER TS, KiIT, LC/
MS/MS 1oL BT VENEY, BRKEE TS
s v 7 BOBITGA LeflR =T

IL A ILALES 37 B OSSR E Ry
—5 4 MR GPL 7 h—BY o N7 BOBRR—

BY - MR oMBEL Lz, MRARESL s S A
REETEEHOER v A2 BEAFEL, BHIIALO
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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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Fig. 2. Product ion spectrum of a glycopeptide (m/z 1061.83%*) at 24 min.

Inset table shows theoretical m/z values of b and y ions, and ions detected by MS/MS are
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indicated by bold face.
Table 1. Glycosylation analysis of AFP
. . . Calculated  Theoretical
l:;ak Peptide sequence (thaeore'ucal Retentn_)n Observed mz Carbohydrate composition Carbohydrate carbohydrate
0. peptide mass® time (min) (charge) N
mass mass
1 KVNFTEIQKL (977.5) 23 1013.43(3) [dHex];[Hex];[HexNAc],[NeuAc] 2077.8 2077.7
23 1519.67(2) [dHex],[Hex)[HexNAc]NeuAcl,  2077.8 2077.7
23 1081.29(3) [dHex],[Hex];[HexNAc];[NeuAc], 22814 2280.8
23 1621.44(2) [dHex] [Hex];(HexNAcljNeuAc],  2281.4 2280.8
23 1446.62(2) [Hex);[HexNAcl,[NeuAc), 1931.8 1931.7
23 1118.67(2) [Hex],[HexNAc], 1275.9 1275.5
23 1264.052) [Hex],[HexNAc)[NeuAc], 1566.6 1566.6
23 1110.43(3) [Hex],[HexNAcl;[NeuAc], 1566.6 1566.6
24 1665.44(2) [dHex],(Hex];[HexNAc],[NeuAc], 23694 2368.8
24 1178.33(3) [dHex),[Hex]s[HexNAc];[NeuAc], 2572.5 2571.9
24 1061.78(3) [Hex)s[HexNAc],[NeuAc], 22229 2222.8
25 1592.17(2) [Hex];[HexNAc],[NeuAc], 22229 2222.8
2 KFTKVNFTEIQKL (1353.7) 27 1236.04(3) [dHex],[Hex]s[HexNAc],[NeuAc], 2369.4 2368.8
27 1853.29(2) [dHex];[Hex};[HexNAc],[NeuAc), 23694 2368.8
27 1187.17(3) [Hex);[HexNAc],[NeuAc], 2222.8 2222.8
28 1780.23(2) [Hex]s[HexNAc],[NeuAc], 22228 22228
28 1303.56(3) [dHex],[Hex};[HexNAc]s[NeuAc), 2572.0 25719
28 1138.84(3) [dHex],[Hex];[HexNAc),[NeuAc], 2077.8 2077.7
28 1206.52(3) [dHex],[Hex]s[HexNAcl[NeuAc], 22809 22808
28 1090.14(3) [Hex)s(HexNAc],[NeuAc], 1931.7 19317
28 1322.75(3) [Hex]s[HexNAc} [NeuAc], 2629.6 2628.9

2 Monoisotopic mass value,

BRECE b T2 EELZLRTWBY, Lo, M
BEZ2vA7BETHLI Eb, BUAEET, Sincd
BELrENMIDKhT, SO v A2 BOBEBBEIIBS
DIIRTWE. 2 A7 BESMOGHCE LTS
B E LC/MS/MS *TEAT2Z i » T, S b DEESY
BETHTTED L83 h5. LT, GPIAALTE

KREETS Gl 7 va—B2 v, s HOBEER YT -1

fichs.

7 v b O E S 2 b, Phosphatidylinositol-specific
phospholipase C (PIPLC) #{kiz X - T8 & hi- w5tk GPI
Tva—RAr 2By, BTANVEFLT I N0
{t#, SDS-PAGE THEEL7Y- (Fig. 3). &%, »*AAOX
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vAZERER, FARTeF 7 —YELE mibshi
_R7FFOREACTTFbh TV, EHEEERT 2T
5L, TRTOE=FF VA YEREORECRIRT
BREHRHD. FIT, FALER VA ERHTE, b
VS ltR T AEREAL

Fig. 4 (A) iz, Av ¥ 1%EbHL, 1%SDS ZHWT#
v A7 BRI, bV Ty BT T, LOMSMS 347
o bDTHSL T, F-2-AREORER, A
v ¥ 1ig, Thy-1 ERES iz Thy-14d, BES w7 v
AmR—7 7 IV —RBTHEGPI T v Rz v 7 HT
Hh, 3EHO N-FEEEBHEA TR (Asn23, 74, 98) &
HTH7 I JBBEENILOEX A7 HATHS (Fig. b).
Wi, AFP L R, m/z204 #IREE LT, &2~ FF
DFaFs b F VAL P ADGRL, EXAFF IO
nfy b4 ARy P ARRIRICRIHLE (Figd
). FhbD7aL 2 A4+ vARZ PARTT Y I —
#—A A4 v D TOF-MS 56, TIL RU T2 KFE I hiciE~
JF Vi, FhEhE<v/ —AREHENMES LT Asn23
AE&tE-~ 77 ¥, His21-Phe33, KU His21-Arg37 TH P,
T3RU T4}, HAHNRUEMEBHE RS LIz AsnTd4 %
S 7 F V, Val69-Lys78 TH 5 = & 25¥] - 7z (Table 2).
Fig.6 i3, T3 CBEHEIRERTF KOS Y, m/z15322
ARTERTF P77y A AV A7 P ATHS. B
SR, AFP T ahicf v, m/iz 168, 186, 204,
366 1%, m/z528 ([Hex),[HexNAc]*), m/z 569 ([Hex]
[HexNAcl,*) %, m/z512 ([Hex)[HexNAc]{dHex]")} %D B

(kDa)
250— .
100— |- -
[Chad PR

50— |3 i

37—
25— -
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15—

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/fz 7002000, (B) product ion scan at m/z 100-2000, (C)
Product ion scan at m/z 204.

A v HRBHEIRTED, Gall-3(4)(Fucl-4(3))-GlcNAc #
EhRE LAREIRD. B TEME, X7FFT
BT 5 A A v (m/z21107.6) L bRy 1 4 v EH S h,
VLTLANFTTK s AZEX 1t (Fig.6 0K, Ff, <7
# ¥z HexNAc, HexNAc-HexNAc, HexNAc-HexNAc-Hex
BES LA T v AREEhTWA, 2B, ZhbC
dHex 78 1 FFREES Lz v HRHEERTWS Z b,
BEOEMO7THEEN T 3 A EIhTwE I LY
5. oy, TOF-MS THRLhRE~YF VOO TR
(30624 Da) nbH, 7+ FOBRHSTE (11066 Da) #2%
L3l otk v BohEESFE (1973.7Da) 2 b,
Fig.6 PR T L5 aTh o EHEE RS, Table2 i3,
ES AT U dE R, Thy-1 k&8T5 LTI R iEH
mEThHs.
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Fig.5. Amino acid sequence of rat Thy-1.

Glycopeptides produced by trypsin are underlined. N-
glycosylation sites are indicated by bold face.
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Carbohiydrate
B ions
'd ™
204.0867 Residue  Mass b b-NH3 y  yNH3
v 99.07 100.08 83.05 110764 1090.61
L 113.08 21316 196,13 100857 99155
4004 T 10105 31421 29718 B9549 E7846
L 113.08 42119 41026 79444 11141
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200] 2661383 F 14707| 759.446 74241 49628 47935
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£ 2001 Peptide MW, 3062.4
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CHO 1973.7
203 203 162 ) [dHex], [Hex], (HexNAc],
] 146 146 Fu
10 GleNAC-<4 Gal Ic!:A M Fuc
69218 1310.7316 AL 'gkNA:'M'"'M.n-GIcNAc-(;lckAc
] .Man-
$12.1909 456.72501512.7896
J_; l ' { 1675.1940
0 11k ™ T 4l 'nlj.. i, . L 1'l " 1 — i .
200 400 600 300 1000 1200 1400 1600 1800 2000
mfz

Fig. 6. Product ion spectrum of a glycopeptide (m/z 1532.2%*) at peak 29.5 min. Inset table shows theoretical m/z values of
b and vy 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;\I%k (theoretical peptide Glycoylatmn Bﬂenu?n Observedm/z Carbohydrate composition carbohydrate carbohydrate
0. . site time (min) (charge) a
mass?) mass mass
T1 H21-F33(1591.73) N23 239 991.1(3) [Hex][HexNAc], 1396.6 1396.5
239 1486.2(2) [Hex][HexNAc], 1396.6 1396.5
239 1045.1(3) [Hex],[HexNAc], 1558.7 1558.5
24.0 1567.2(2) [Hex],[HexNAc], 1558.6 1558.5
240 937.1(3) [Hex};[HexNAcl, 1234.5 1234.4
24.0 1405.1(2) [Hex);[HexNAc], 1234.5 12344
T2 H21-R37 (2048.99) N23 25.5 1197.6(3) [Hex];[HexNAc], 1558.6 1558.5
25.6 1143.5(3) [Hex)[HexNAc), 1396.6 1396.5
256 857.9(4) [Hex)¢[HexNAc], 1396.6 1396.5
25.7 1089.5(3) [Hex]s[HexNAc), 1234.5 12344
25.7 817.4(4) [Hex][HexNAcl, 1234.6 12344
25.9 1633.8(2) [Hex]:[HexNAc], 1234.5 12344
T3 V69-K78 (1106.62) N74 29.5 1686.3(2) [dHex]s[Hex]s[HexNAc]; 2282.0 22819
29.6 1124.5(3) [dHex]s[Hex]s{HexNAc)s 2282.0 22819
29.6 1532.2(2) [dHex],[Hex],fHexNAc]; 1973.9 1973.7
29.6 1021.8(3) [dHex],[Hex],/HexNAc]g 1973.9 1973.7
29.7 1162.6(2) [Hex])[HexNAc], 12345 12344
29.7 1491.2(2) [dHex],[Hex]JHexNAc], 1891.8 1851.7
29.7 1592.8(2) [dHex],[Hex][HexNAc], 2094.9 2004.8
29.8 1378.2(2) [dHex],[Hex];[HexNAc]), 1665.7 1665.6
29.9 919.1(3) [dHex];[Hex],[HexNAc]; 1665.7 16656
29.8 1433.7(2) [dHex],[Hex]s[HexNAc], 1786.8 1786.7
303 959.5(3) [dHex],[Hex].[HexNAc], 1786.8 1786.7
299 1511.7(2) [dHex),(Hex]s[HexNAc], 1932.8 1932.7
30.0 1008.1(3) [dHex],{Hex]-[HexNAc), 1932.8 1932.7
30.0 1519.7(2) [dHex],[Hex][HexNAc]), 1948.8 19437
30.0 1572.2(2) [dHex],[Hex],[HexNAc], 2053.9 2053.7
30.1 1499.2(2) [dHex],[Hex],[HexNAc]; 1907.8 19077
30.2 1276.6(2) [dHex];[Hex],[HexNAc], 1462.6 1462.5
30.2 1337.2(2) [dHex];[Hex]s[HexNAc], 1583.7 1583.6
3.7 1860.4(2) [dHex],[Hex];[HexNAc]:[NeuAc], 2630.1 2630.0
317 1240.6(3) [dHex],[Hex]s[HexNAc]g[NeuAcl 2630.1 2630.0
319 1706.3(2) [dHex]),[Hex],[HexNAc]s{NeuAc}, 2321.9 2321.9
T4 V69-K78 (1106.62) N74 321 1663.7(2) [dHex);[Hex] [HexNAc];[NeuAc); 2036.8 2036.7
321 1482.7(2) [dHex);[Hex];[HexNAc);[NeuAch 1874.7 1874.7
32.1 1584.2(2) [dHex};[Hex);[HexNAc],[NeuAc) 2077.8 2077.8

2 Monoisotopic mass value.
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5 » b Thy-1 @ N- #&EHEEOWTI, Zh¥T
CHES S ASYAVCTREES A Thy- 12 Y 7o v
{bth, BT FOL VOV HL, YA58%, =
Fy 7y avF—EHEETAVCTTRLEAAREZ A
TV A, Asn23 i, Bwv/ —AE (M5, 6) 25, Asn7d
ik, a7z avafbIhicHEREHE, <78
BELTAATY y VRSB UR~ v 7 — ABNESISES
HLTWABI EABLACIRTVWBRSY, kS L
LC/MS/MS %A SR B ER I T, BEDOE S v 2
7 B%, HAYEReTCHAEL X Y FHCHITTED
o bbb, i, AsnB A TOIEERUGII T v —
v, Py e vkl o tHLbhicRTF Y
OEAEAEL, LC» 7 aicBEanith o iicd, 2D
BEZEHtrX > THLhEETF Y YBIT T2 &t
LoTHLMELTWE (F—2HEE).

BEDX I, LC/MS/MSIZEDRTF V¥ - BT FF
7y v ZiBnT, BBty Al
FHAWTHEATFFOTax s bfd v Aty %D
Bhig, 2 v A7 BYRAET D AR, EREST
P HEL, BEEGT L ofEEEYRETLI LT
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BT I N s v A EOBALAETHEE S b
b, &, {4 aresF i AOFEFTRIOIEMN
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SUMMARY

Liquid chromatography/mass spectrometry equipped with a graphitized carbon column is
useful for the simultaneous analysis of oligosaccharides. By using capillary column and
nanoelectrospray ion source, the method can be used for the oligosaccharide profiling of sub
microgram quantities of glycoproteins. This oligosaccharide profiling is expected to be 2 pow-
erful tool for the glycome analysis. We demonstrate a potential application of oligosaccharide
profiling in glycomics with two examples, the structural analysis of N-linked oligosaccharides
from a gel-separated glycoprotein, and the differential analysis of N-linked oligosaccharides

in cells.
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