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be a valuable supplement {12]. Thus, it is important to con-
duct a site-specific glycosylation analysis of normal human
CP.

One of the most effective techniques for determining the
site-specific carbohydrate heterogeneity of glycoproteins is
the mass spectrometric peptide mapping of proteolytic
fragments of glycoproteins by liquid chromatography with
electrospray ionization mass spectrometry (LC-ESI-MS)
[14-19]. The specific detection of glycopeptides in a com-
plex peptide mixture is generally achieved by monitoring
specific carbohydrate fragment ions such as m/z 204 (Hex-
NAc) and m/z 366 (HexHexNAc) produced by cone voltage
fragmentation or by precursor jon scanning [15-19).
Because product ion spectra of glycopeptides show high
abundant carbohydrate fragment ions and low abundant b-
and y-series fragment ions derived from the peptide
backbone [20,21], product ion spectra acquired data-depen-
dently in liquid chromatography with electrospray
ionization tandem mass spectrometry (LC-ESI-MS/MS)
can be used for both the selection from the peptides and the
1dentification of the glycopeptides [22]. MS in combination
with specific exoglycosidase digestions allows us to obtain
the site-specific information on anomericity and linkage of
glycans [23]. In the current study, we conducted a site-spe-
cific glycosylation analysis of human CP and successfully
determined glycosylation status and glycosylation profile at
each N-glycosylation site.

Materials and methods
Materials

Acetonitrile, formic acid, and guanidine hydrochloride
were purchased from Wako Pure Chemicals Industries
(Osaka, Japan). Purified human CP was purchased from
Calbiochem (San Diego, CA, USA). Modified trypsin was
purchased from Promega (Madison, W1, USA). a2~3 Neur-
aminidase (EC 3.2.1.18) of Macrobdella decora, a recombi-
nant form, and «l-3,4 fucosidase (EC 3.2.1.51) from
Xanthomonas sp. were purchased from Calbiochem. 02—
3,6,8,9 Neuraminidase (EC 3.2.1.18) of Arthrobacter urea-
faciens, a recombinant form, and Pl1-4 galactosidase (EC
3.2.1.23) were purchased from Sigma Chemical (St. Louis,
MO, USA). The water used was obtained from a Milli-Q
water system (Millipore, Bedford, MA, USA). All other
reagents were of the highest quality available.

Reduction and S-carboxymethylation of CP

CP (100 ug) was dissolved in 270 ul of 0.5M Tris—HCI
buffer (pH 8.5) that contained § M guanidine hydrochloride
and 5mM ethylenediaminetetraacetic acid (EDTA). After
the addition of 2 ul of 2-mercaptoethanol, the mixture was
incubated for 2h at 40 °C. Then 5.67 mg of monoiodoacetic
acid was added, and the resulting mixture was incubated
for 2h at 40°C in the dark. The reaction mixture was
applied to a PD-10 column (Amersham Biosciences, Upp-

sala, Sweden) to remove the reagents, and the eluate was
lyophilized.

Trypsin digestion of CP

Reduced and carboxymethylated CP was redissolved in
100 pl of 0.1 M Tris—HCI buffer (pH 8.0). An aliquot of 1l
of trypsin prepared as 1pg/pl was added to 50pl of CP
solution (1:50, w/w), and the mixture was incubated for 16 h
at 37°C. The enzyme digestion was stopped by storing at
—20°C before analysis.

HPLC of tryptic digest of CP

Tryptic digests (0.2 and 0.4 ug) of human CP were ana-
lyzed by LC-ESI-MS/MS to identify the peptides and gly-
copeptides, respectively. HPLC was performed on a
Paradigm MS 4 (Michrome BioResources, Auburn, CA,
USA) equipped with a Magic C18 column (0.2, 50mm,
Michrome BioResources). The eluents consisted of water
containing 2% (v/v) acetonitrile and 0.1% (v/v) formic acid
(pump A) and 90% acetonitrile and 0.1% formic acid
(pump B). Trypsin-digested samples were loaded onto a
microtrap (peptide captrap, Michrom BioResources). After
a wash with 15p} H,0O/CH;CN (98:2) with 0.1% trifluoro-
acetic acid (TFA), the trapping column was switched into
line with the column. Samples were eluted with 5% of B for
10min, followed by a linear gradient from 5 to 65% of B in
60 min at a flow rate of 2 ul/min.

ESI-Q-TOF-MSIMS

Mass spectrometric analyses were performed using a
quadrupole time-of-flight (Q-TOF) mass spectrometer
(QSTAR Pulsar, MDS Sciex, Toronto, Canada) equipped
with a nano-electrospray ion source. The mass spectrome-
ter was operated in the positive ion mode. The nanospray
voltage was set at 2500 V. Mass spectra were acquired at
miz 400-2000 or m/z 1000-2000 for MS analysis and at m/z
100-2000 for MS/MS analysis. After every regular MS
acquisition, two MS/MS acquisitions against top two of the
multiply charged molecular ions were performed (data-
dependent acquisition). The precursor ions with the same
m/z as acquired previously were excluded for 120s. The col-
lision energy was varied between 30 and 80eV depending
on the size and charge of the molecular ion. Accumulation
times for the spectra were 1.0 and 2.0s for MS and MS/MS,
respectively. All peaks were resolved monoisotopically.

Tandem MS/MS data from LC-ESI-MS/MS runs were
submitted to the search engine Mascot to identify the tryp-
tic peptides of CP. One missed cleavage was allowed, and
tolerances of 2.0 and 0.8 u mass were used for precursor and
product ions, respectively. From the data for LC-ESI-MS/
MS at m/z 1000-2000, glycopeptide precursor ions were
selected manually based on the presence of oligosaccharide
oxonium ions such as m/z 204 (HexNAc) and m/z 366 (Hex-
HexNAc). The glycopeptide ions were assigned based on
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the presence of b- and y-series fragment ions of peptides of
putative glycopeptides or molecular weight difference of
sugar unit. The molecular weight of the carbohydrate in the
glycopeptide was calculated from the molecular weights of
the glycopeptide and the suggested peptide. The oligosac-
charide composition and type were deduced from the
molecular weight of the carbohydrate.

Oligosaccharide sequencing by exoglycosidase digestions

Trypsin in the digest of human CP was inactivated by
boiling for Smin at 100°C. Aliquots of the digest (4 pg)
were digested in a volume of 20pul for 12h at 37°C in
50mM sodium phosphate buffer (pH 5.0) using the follow-
ing exoglycosidases alone or in combination: o2-3 neur-
aminidase, 20mU/ml; «2-3,6,8,9 neuraminidase, 100 mU/
ml; al-3,4 fucosidase, 20mU/ml; and B1-4 galactosidase,
30mU/ml. Aliquots (0.08 ug) before and after exoglycosi-
dase digestions were subjected to LC-ESI-MS at m/z 700 to
2000 in which MS/MS acquisition was not performed.

Results

Peptide mapping of tryptic digest of human CP (LC-ESI-
MSIMS in miz range of 400-2000)

The amino acid sequence of human CP (National Center
for Biotechnology Information protein database: P00450)
is shown in Fig. 1. The tryptic peptides, including potential
N-glycosylation sites, are shown in bold type. Trypsin can
digest human CP into seven glycopeptides containing only
one potential N-glycosylation site. To determine the glyco-
sylation state at each glycosylation site, we performed mass
spectrometric peptide mapping of the tryptic digest of CP.
An aliquot of 0.2 ug of the tryptic digest was analyzed by
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Fig. 1. Primary amino acid sequence of human CP (P00450). The tryptic
peptides, including potential N-glycosylation sites, are shown in bold type.
Tryptic peptides identified in the LC-ESI-MS/MS analysis are underlined.
Cysteine residues are carboxymethylated. Identified N-glycosylation sites
are indicated by arrow.

LC-ESI-MS/MS in the m/z range of 400-2000 (data not
shown). When molecular ions with more than a single
charge were detected, the product ion spectrum was
acquired automatically. Peptide identification of each prod-
uct ion spectrum was done using the Mascot search engine.
More than 70% of the amino acid sequence was identified;
identified amino acids of CP are underlined in Fig. 1. Three
peptides containing the potential N-glycosylation site
(Asn208, Asn569, and Asn907 [residues 197218, 558-579,
and 895-917, respectively]) were detected, whereas peptides
containing the other N-glycosylation sites were not
detected. Thus, Asnll9, Asn339, Asn378, and Asn743
might be glycosylated.

Glycosylation analysis of human CP (LC-ESI-MSIMS
in the m/z range of 1000-2000)

N-glycosylated peptides have relatively high molecular
weights due to their oligosaccharide moiety. Because ions at
lower m/z values can be detected in the m/z range of 400
2000, glycopeptide ions with higher m/z values might be
missed to obtain product ion spectra. To detect glycopep-
tide ions preferentially, another LC-ESI-MS/MS analysis
was carried out in the m/z range of 1000-2000 using an ali-
quot of 0.4 ug of the tryptic digest. Fig. 2A shows a total ion
chromatogram (TIC) of a TOF-MS scan for the full scan
m/z 1000-2000. Fig. 2B shows a TIC of the product ion
scan. Because product ion spectra of glycopeptide precur-
sor ions have abundant carbohydrate B-ions, m/z 204 (Hex-
NAc), m/z 186 (HexNAc-H,0), m/z 366 (HexHexNAc), and
miz 292 (NeuAc), the extracted ion chromatogram at m/z
204.05-204.15 (HexNAc, 204.08) of the product ion scan is
illustrated in Fig. 2C. The extracted ion chromatogram at
miz 204.05-204.15 of product ion spectra provides a useful
indication of the selection of glycopeptide precursor ions.
The glycopeptide ions were assigned based on an examina-
tion of product ion spectra using the information on amino
acid sequences of the peptides containing a putative N-gly-
cosylation site.

Identification of Asnll9 glycopeptide

The product ion spectrum of 1366.6 (+3) at 26min,
labeled by A in Fig. 2C, is shown in Fig. 3A. There were
abundant oligosaccharide oxonium ions such as m/z 204
(HexNAc), m/z 366 (HexHexNAc), m/z 186 (HexNAc-
H,0), m/z 168 (HexNAc-2H,0), m/z 274 (NeuAc-H,0),
and m/z 292 (NeuAc). Thus, this precursor ion was assigned
as a glycopeptide. Several fragment ions consistent with b-
and y-series fragment ions [24] derived from the peptide
EHEGAIYPDN'PTTDFQR (residues 110-125) were
detected together with several deamidated (—17) or dehy-
drogenated (—18) b- and y-series ions and y-series ions with
the GlcNAc residue. Thus, the peptide moiety EHEGA
IYPDNTTDFQR was suggested. The carbohydrate’s
molecular weight, 2223.0, was calculated by subtracting the
theoretical molecular weight of the peptide (1891.8) from
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Fig. 2. LC-ESI-MS/MS in the m/z range of 1000-2000 of the tryptic digest
of human CP. (A) TIC of the TOF-MS scan for the full-scan m/z 1000
2000 and the HPLC gradient. (B) TIC of the product ion scan acquired
data-dependently. (C) Extracted ion chromatograph at m/z 204.05-204.15
of the product ion spectra. Brackets denote glycopeptide fraction and pep-
tide sequences of the glycopeptides. Product ion spectra indicated by A-D
are shown in Fig. 3.

the calculated molecular weight of the glycopeptide
(4096.7) and adding the molecular weight of H,O (18.0).
The presence of product ions at m/z 274 (NeuAc-H,0) and
miz 292 (NeuAc) suggested sialylation of the oligosaccha-
ride. Thus, the carbohydrate’s composition, [Hex-
NAc],[Hex]s[NeuAc],, was deduced.

Identification of Asn743 glycopeptide

The product ion spectrum of 16284 (+3) at 29min,
labeled by B in Fig. 2C, is shown in Fig. 3B. This precursor
ion was assigned as a glycopeptide due to the presence of
abundant oligosaccharide oxonium ions such as m/z 204
(HexNAc), m/z 366 (HexHexNAc), and m/z 292 (NeuAc) in
the product ion spectrum. Several fragment ions were con-
sistent with theoretical b- and y-series fragment ions
derived from the peptide ELHHLQEQN#VSNAFLDK
(residues 735-751). Doubly charged ions of peptide (m/z
1011.7), peptide + HexNAc (m/z 1113.1), peptide + 2Hex-
NAc (m/z 1214.6), peptide + ZHexNAc+ Hex (m/z 1295.5),
peptide + 2HexNAc+2Hex (m/z 1376.7), and peptide+
2HexNAc+ 3Hex (m/z 1457.5) showed the sequential frag-
mentation of the pentasaccharide carbohydrate core. The

carbohydrate’s molecular weight, 2879.1, was calculated
from the theoretical molecular weight of the peptide
(2021.0) and the calculated molecular weight of the glyco-
peptide (4882.1). The carbohydrate’s composition, [Hex-
NAc]s[Hex]([NeuAc];, was deduced from the molecular
weight.

Identification of Asn378 glycopeptide

The product ion spectrum of 1444.6 (+3) at 35min,
labeled by C in Fig. 2C, is shown in Fig. 3C. Abundant oli-
gosaccharide oxonium ions were detected, as were several
fragment ions consistent with b- and y-series {fragment ions
derived from the peptide EN**LTAPGSDSAVFFEQGT
TR (residues 377-391). The carbohydrate’s molecular
weight, 22229, was calculated from the theoretical molecu-
lar weight of the peptide (2126.0) and the calculated molec-
ular weight of the glycopeptide (4330.9). Thus, the peptide
moiety ENLTAPGSDSAVFFEQGTTR and the carbohy-
drate’s composition, [HexNAc],[Hex];[NeuAcl,, were sug-
gested.

Identification of Asn339 glycopeptide

The product ion spectrum of 1282.6 (+3) at 39min,
labeled by D in Fig. 2C, is shown in Fig. 3C. The spectrum
contains abundant oligosaccharide oxonium ions, and sev-
eral fragment ions consistent with b- and y-series fragment
ions derived from the peptide AGLQAFFQVQECN®*¥K
(residues 327-340) were detected. The product ion spec-
trum contains the ions of the peptide (m/z 1640.8) and
peptide + HexNAc (m/z 1843.9) and several y-series frag-
ment ions of the peptide with a GIcNAc residue. The carbo-
hydrate’s molecular weight, 2223.0, was calculated from the
theoretical molecular weight of the peptide (1639.7) and the
calculated molecular weight of the glycopeptide (3844.7).
Thus, the peptide moiety AGLQAFFQVQECNK and the
carbohydrate’s composition, [HexNAc][Hex]s[NeuAc],,
were suggested.

Heterogeneity of oligosaccharides at each glycosylation site

Glycopeptides with the potential N-glycosylation sites
Asnll9, Asn339, Asn378, and Asn743 were detected,
whereas no glycopeptides containing the other sites
(Asn208, Asn569, and Asn907) could be detected in this
LC-ESI-MS/MS  analysis. These findings suggest that
Asnll9, Asn339, Asn378, and Asn743 of human CP are
glycosylated and that Asn208, Asn569, and Asn907 are not.
Once a glycopeptide was identified, the other glycopeptides
with the same peptide could be easily assigned because they
were eluted at a similar retention time in the order of the
number of NeuAc and had similar product ion spectra and
molecular weight difference of sugar units. The oligosaccha-
ride heterogeneity at each four N-glycosylation sites was
determined by mass spectrum. For a representative exam-
ple, the mass spectrum of the glycopeptides containing
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Fig. 3. Product ion spectra of m/z 1366.6 (+3) at 26 min (A), m/z 1628.4 (+3) at 29 min (B), m/z 1444.6 (+3) at 35 min (C), and m/z 1282.6 (+3) at 39 min (D)
Iabeled by A, B, C, and D, respectively, in Fig. 2C. These spectra show abundant carbohydrate-derived ions at m/z 168 (HexNAc-2H,0), m/z 186 (Hex-
NAc-H,0), m/z 204 (HexNAc), m/z 366 (HexHexNAc), m/z 274 (NeuAc-H,0), and m/z 292 (NeuAc). The b- and y-series fragment ions [24] derived from
the pep{ide moiety were observed. The molecular weights of the oligosaccharide were calculated from the molecular weights of the glycopeptide and pep-
tide, and the deduced oligosaccharide composition is presented. Cystein residue was carboxymethylated.
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Asn743 at 27.5 to 31.5min is shown Fig. 4. The results of
glycosylation analysis are summarized in Table 1. Deduced
compositions of the oligosaccharides are estimated based
on the calculated molecular weights of the oligosaccharides.
Relative peak intensity was calculated by comparing triply
charged glycopeptide ions. All glycosylation sites were
occupied by at least three kinds of oligosaccharides, namely
disialobiantennary structures ([HexNAc],[Hex];[NeuAc],),
disialobiantennary structures with fucose ([HexNAc],
[Hex}[NeuAc], [Fuc];), and trisialotriantennary structures
([HexNAc][Hex]s[NeuAc];). Trisialotriantennary struc-
tures with one fucose or two fucoses ((HexNAc); [Hex],
[NeuAc); [Fuc),_;) were also detected at Asnll9 and
Asn743; furthermore, tetrasialotetraantennary structures
with no fucose or one fucose ([HexNAc][Hex],[NeuAc],
[Fuc], ;) were detected at Asn743.

Linkage analysis of oligosaccharides by exoglycosydase
digestion

To elucidate the oligosaccharide structure in terms of
sequence and linkage, aliquots of the tryptic digest were fur-
ther digested with exoglycosidases. As a representative exam-
ple, Fig. 5 shows integrated mass spectra during the periods
at which Asnl19 glycopeptides were eluted in LC-ESI-MS
analyses before and after digestion with exoglycosidase
arrays. Treatment with o2-3 neuraminidase removed one
NeuAc residue from most of the triantennary structures
([HexNAc]s[Hex]s[NeuAc]; [Fuc], ,) and a small amount of
biantennary structures ((HexNAc],[Hex]s{NeuAc}, [Fuc],_,)
(Fig. 5B). A mimor amount of triantennary structures
removed two NeuAc residues. Thus, it appears that most tri-
antennary structures contain one o2-3-linked NeuAc. Treat-
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ment with a2-3 neuraminidase + $1-4 galactosidase removed
all terminal galactose residues from the desialylated glycans
without fucose residues but only partially digested terminal
galactoses from the desialylated giycans with fucoses
(Fig. 5C). The addition of «l-34 fucosidase to o2-3
neuraminidase +f31-4 galactosidase treatment completely
digested the remaining terminal galactose by releasing one
fucose and one galactose (Fig. SD). Thus, galactose residues
are linked B1-4 to GlcNAc, and undigestion of terminal
galactose by Bl-4 galactosidase is due to attachment of
fucose [25,26]. Because galactose was linked to GlcNAc in
the B1-4 position, the fucose removed with ol-3,4 fucosidase
may be linked a1-3 to GlcNAc but not al-4 to GlecNAc.
These data strongly suggested that sialyl Lewis X structure

" was present in human CP. Sialyl Lewis X structure was pres-

ent predominantly in triantennary oligosaccharides, but a
small amount seemed to be present in biantennary oligosac-
charides as well. The remaining fucose residue may be linked
al-6 to reducing end GlcNAc (core fucose).

Fig. 6 shows integrated mass spectra of Asnl19, Asn743,
Asn378, and Asn339 glycopeptides in LC-ESI-MS analysis
following digestion with 02-3,6,8,9 neuraminidase+ 1-4
galactosidase. Treatment with ©2-3,6,8,9 neuraminidase
+ B1-4 galactosidase removed all NeuAc and then removed
terminal galactoses in the outer arms without fucose. Thus,
this treatment could differentiate glycoforms based on the
location of fucose residues. Fucosylation occurred predomi-
nantly at reducing end GlcNAc in biantennary oligosaccha-
rides and occurred at reducing end GlcNAc and/or outer
arm GlcNAc in triantennary oligosaccharides. Mass spectra
of Asnl19 and Asn743 glycopeptides showed higher oligo-
saccharide heterogeneity, and a minor amount of tetraan-
tennary glycans could be detected. The glycosylation profile
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Fig. 4. Mass spectrum of the glycopeptides containing Asn743 eluting at 27.5-31.5 min from Fig. 2A. Deduced composition of the oligosaccharides is indi-

cated based on the molecular weights of the oligosaccharides.
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Fig.5. LC-ESI mass spectra of the glycopeptides containing Asnll9
digested with the following exoglycosidases: (A) exoglycosidase (—); (B)
«2-3 neuraminidase; (C) a2-3 neuraminidase + B1-4 galactosidase; (D)
a2-3 neuraminidase + f1—4 galactosidase + al-3,4 fucosidase. Arrows
between panels A and B, panels B and C, and panels C and D correspond
to the digestion of NeuAc, Gal, and Gal+Fuc, respectively. H, hexose; N,
N-acetylhexosamine; F, fucose; S, N-acetylneuraminic acid.

of Asn378 glycopeptides showed lower core fucosylation,
and that of Asn339 glycopeptides showed lower branching.
These glycosylation profiles provided the heterogeneity of
fucose linkage and the number of arms at
each glycosylationsite in human CP.

Discussion

A site-specific glycosylation analysis of human CP was
conducted using LC-ESI-MS/MS, where product ion
spectra were acquired in a data-dependent manner. The
collision energy for the product ion scan was adjusted
from 30 to 80 eV depending on the size and charge of the
precursor ion. Under these conditions, peptide precursor
ions were degraded and produced b- and y-series frag-
ment ions derived from the amino acid sequence. Glyco-
peptide precursor ions produced abundant carbohydrate
ions (m/z 204, 186, 168, and 366) together with several
low intensity b- and y-series fragment ions derived from
the amino acid sequence {20,21]. Thus, product ion spec-
tra of glycopeptides are readily distinguishable from
those of peptides by such carbohydrate marker ions, and
the peptide moiety in the glycopeptide could be deduced
from the product ions that were consistent with the
expected fragment ions derived from the peptide contain-
ing the N-glycosylation site. It is known that the glyco-
peptide ions are more labile than peptide ions and
produce consecutive monosaccharide/polysaccharide
losses at much lower collision energy, and this would pro-
vide information about branching and fucose location
[18]. However, we used relatively high collision energy in
this site-specific glycosylation analysis to identify the
peptide ions in parallel with the detection and identifica-
tion of the glycopeptide ions.

Protein coverage of more than 70% in human CP was
obtained in the LC-ESI-MS/MS analysis with the m/z range
of 400-2000 (for peptide mapping). The heterogeneity at
four potential N-glycosylation sites was determined in the
miz range of 1000~2000 (glycosylation analysis). We could
detect all of the potential glycosylation sites as either glyco-
peptides or nonglycosylated peptides. Peptides containing
the potential N-glycosylation site Asn208, Asn569, or
Asn907 were detected in nonglycosylated but not glycosyl-
ated forms. Peptides with the potential N-glycosylation site
Asnll9, Asn339, Asn378 or Asn743 were detected in gly-
cosylated but not nonglycosylated forms. These findings
indicate that Asnll9, Asn339, Asn378, and Asn743 of
human CP are glycosylated and that Asn208, Asn569, and
Asn907 are not. Human CP was reported to have no O-
linked glycosylation [8]. No information on O-glycosylation
was obtained from this analysis. These results are consistent
with a previous study determining the glycosylation sites of
human CP [9].

Heterogeneity of oligosaccharides was determined at
each of four glycosylation sites. Disialobiantennary struc-
tures with no fucose or one fucose ([HexNAc], [Hex]s
[NeuAc],[Fucly ;) and trisialotriantennary structures
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Fig. 6. LC-ESI mass spectra of the glycopeptides containing Asn119 (A),
Asn743 (B), Asn378 (C), and Asn339 (D) after digestion with «2-3,6,8.9
neuraminidase + $1—4 galactosidase. Glycosylation profiles showed differ-
ent degrees of branching and fucosylation at core GlcNAc and outer arm
GlcNAc between glycosylation sites. Open circles, mannose; closed circles,
galactose; open squares, N-acetyl glucosamine; open triangles, fucose.

([HexNAc][Hex][NeuAcl;) were observed at all sites.
These dominant oligosaccharides were consistent with
structures published previously [7.8]. Furthermore, we
detected trisialotriantennary structures with one fucose
([HexNAc]s[Hex]([NeuAc);[Fuc],) at Asn119, Asn378, and
Asn743, trisialotriantennary structures with two fucoses
((HexNAc]s[Hex]s[NeuAcl;[Fucl,) at Asn119 and Asn743,
and tetrasialotetraantennary structures with no fucose or
one fucose ([HexNAc]¢[Hex],[NeuAc],[Fuc], ;) at Asn743,

To determine the linkage of fucose and NeuAc, exogly-
cosidase digestions were performed. Treatment with a2-3
neuraminidase suggested that roughly one antenna of tri-
antennary glycans was linked by NeuAc in the «2-3 posi-
tion. This is consistent with the previous findings that
NeuAc is linked o2-3 to the Galpl-4GIcNAcpl-
4Manol-3Manpl-4GIcNAcB1-4GlcNAc group in the
triantennary glycan in human CP [7,8]. Results from a2-3
neuraminidase + B1-4 galactosidase treatments with or
without al-3,4 fucosidase suggested that fucose residues
were linked to reducing end GicNAc and/or outer arm
GIcNAc in the al-3 position in the antenna where NeuAc
1s linked to galactose in the «2-3 position. These findings
indicated that human CP contains a certain amount of
sialyl Lewis X structure in triantennary glycans. Treat-
ment with a2-3,6,8,9 neuraminidase + B1-4 galactosidase
reveals the heterogeneity of the location of fucosylation
as well as the number of arms. Although relative peak
intensity does not express the relative amount of each gly-
can due to the different ionization efficiencies, the mass
spectra showed the difference in fucosylation pattern and
number of arms among sites.

No asialo oligosaccharides were detected in this analy-
sis. It is known that desialylated CP is rapidly cleared
from the circulation by the asialoglycoprotein receptor
within the parenchymal cells of liver [27,28]. It is possible
that desialylated CP might be cleared immediately by the
liver.

Although the N-linked carbohydrate structures linked to
human CP have been studied, only a few carbohydrate
structures have been reported and site-specific characteriza-
tion of these oligosaccharides has not been described. To
determine the glycosylation state at each glycosylation site,
the tryptic digest was examined by LC-ESI-MS/MS, where
product ion spectra were acquired data-dependently. Gly-
copeptide ions were assigned based on the product ion
spectra. Fucose and NeuAc linkages were determined by
exoglycosidase digestions. Our data successfully provided
comprehensive information on the site-specific N-linked
oligosaccharides in human CP. This method is a powerful
technique for elucidating the glycosylation of a biological
sample.
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F (Table 16). ZHUIFTR 14 FicEBHINE [4
BOBEERFENOH N F| OROSHEEROERF)
BEW I REXERNICERL TN ) & T2—]
EIRZ DI ENTEZ T, SEBREKIIHG L
SHEDTTTY, [HERERF &—he L (EH
THI LI, BEERFNVENALSHMEEZN
FE®EOBMECET LI EDTES, | E3ATH
7. BEasyiciz, OBMSEEELED DRSS 5
WITHREIT) Z kLY, FIAESCEARERF
INBEMBTEDLLNLET R, @A AT 7 /0d—
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Table 14 EERKEEKIZHOWVWT

o B
E—I =
HiR 27 &E i O12&%E
%IE 53 &HE WiE 22&E
MR  15%H B 9&A
(881 E) (481 & 8)
! !
907 & B 484 5B

BINESEL (1362 5% B) —1391 &8
o EIFRFRFNICFES HIE

& 3RS i
s AR —RHNLL T A (2003/7 sign off)
s AALFF T (2001/10 sign off)

- Wi 7 LR AT — R (2001710 sign off)

o {LDIHEEN S DOBITICHE S FRINES B
B AR A E SR 2002 26 OBAT

- byEwaFT ULy (2001/7 sign off)
N AvaFrTy (2001/10 sign off)
c NPT a— )b (2000/7 sign off)

(B—R) TATOREIN, TRV F, HBExY Yy, ERFVF=Ur, SBRYLEEy,
INEFFy, VARTITFy, BIRTE—E, =aF VN, =RV Ey, Eukils

(115 8)

(BB=IR) HEBMF 753 Mg, M ZurFTURE, 7ak I NE Tereedraven,

Abhrzua7TIrE  (B&E)
B ARG AEFGRME (1989) 6 OFAT

maL, Uy, ray, Yavk, YUY, Syxiavy, YR, =Ky (8&A)
BARBFNEESBERE=E [MAOBHE] HRoDBAT

EERF T 5 I REE, HEBAR=UE U, b AFTURE, ARV, 7ek I RE,

AhZ7vrT X FEE (6&EB)

B AR T EIR SRR (AMEERR] 20 OHBIT

FoRTTA kY, BREVeEX®TF M) UL, EFHEEEBEE A (3&E)

o BFICESEFRNEINRE

w W=V, AX VMY, andBAFAT L R=Y ey, IRV LBITENL,

kT RV AEEE, T RFV LRENE,

(6 & H)

BTE AraUHT, ArFav, 7Y, TUR @mB)

o HIERAE
E—I P b=

woE H—¥, BEA—Y, UXF YR, PXFVRK, BUERK MEGIER, BELER,

BEERUIAER, #AE
HIBRE R

T (—ER)  AREEN 2 SNAHRARRVD.
T (CER  WERIEE A £B 3RCESEE (ERMROEE) ~BITOLD.

Th (ER)  MR~BITOD.

ERERSSE RS WE L EOH L W E B
L CERIN-EERORETMIC LELH LV
Bk, EVITSE B AR T ICIEBT 0 RRE Y
r, —IEREBEE L ORI LT v b 0 2 IR
TrI oL, BELRETEZLELTIEE

mORFEZMESIET S L L bic, EXRFERICE
T2 eti L SAnmEEicESEY 5, QRSN
DFERR I Z DERGIRILCE T 2 BHmE -T2,
@% o, EZE&OGERERICER T EHZ T
3, e EBEHFBEROBERURIAE L TFET
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Table 15 ZEFHROWEIZDOWT

8. B+ MWIE B AR FIC BT 5 EEHRET
—E—BHE TG L 2B (= K E
¥ U URREE, BEELSERBE) , 348% (K
i) Thnx, WEEhEEERRBRERUER
WHEEN- AN AT =R AN T L, TLFT
vy, EfEET ZABEAT—RX, RUEDD
SFUT, R vaTrT Ly, RUDLT
Na—NLEIZLUED AT A FIZRT 520
EZRBH BEFETEMIC L SBEHDOTER
EiE, BEXIIREOEKE  AfEEDRZR
<. ) 2T, FfORRZRLIEC.

Table 16 ZE1FHROBHRIE

20. 7 2 /By (EREFAF)

- ABE, TFR, FOMOEESEOT I/
BRMARRCT 2 /B EROBIERE

21. BEFIRITIZ X AW ORE B EE

- EER 0SS TREEARCHMHERRICE
WTRHEEN2WED HEERVCER) %2, #
BEFRITEI L > THRXIZE LUV TREX T
WeET B FIE

22. ¥ ¥ 7V —EBRKENE (EKEHRAT)

- BEMERNTERZF 2R A AU BNBH O
WTTHITHI L EFALTHHER ERS 2
ik

23. BiETEOEE (ERFAf{EXET)

- AL LTOBEEXIIREDEEY, Hak
B, MFEBERUNSEED 3> LTl
B ( MRl FEERERE] OIS %
5B

24. -ABEERE (EHEHEM)

- BEESICESENIT-ABEOERYE  THER
Pl

25. & SR EXKIE (EESRT)

- ABEDEBEROEVWEFIALTHBETSE
KUKENE ‘

26. XT7F F= v 7k (EERAT)

- ABREMERS, BIIEMEOASAL TS )

o Ui AEELOHBRBRO—FET, iy
BE & LR SOIERAILE LT, XTFF
L, TOBARZERE I SBESITT D
Hik 4

LNTWET,
10.1 7% /ERS¥A&
ERHAMIcBWTESRILZL 0T, ZABHE,
_TFF, FOMDEIERDT I BERRT 2/
paEoORNERTYT. BE4R0ICIE Table 1717RT
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BONHEI DT EZDRIEELRE, HDHWIET
— I DEE, BT OWTHHEENTHET, =
e RNV L BRAL AT AR ERHEMLL
THERA VAT L, HBVRTVATLTT I Bk
DT B &V ) FEITRENTWET.

10.2 BIERFEIIC & 2 HEYOTER

EXE GO RETRERRBRLUHHERRICB W
TRHSINDMEY %, BEFRTECL > THE
NIFB VNV TRENIHET 2 FETT. #E5E,
WAEOEEE E LTE, MEWERENRE, H5
WITAETE - AR, BSOS F s
BhEsRALEENLCAVLNTEE L, &
U LT, ERFIRITIC & 2o RaE FEE
i3, RRFEEMICHMEDEDET 2 FHET, WED
CEAROREFHEE, TabbMBEICH L T,
16S ¢ rRNA D& E R 2RO —E, HHIcDWT
{3 185rRNA # & 5.8S5rRNA D E D 2~ —+ —4F
# (ITS1) %fE\v, ZoEETFEF &8 ERFTL
TTF—F_R—REWET B EIC LT, WM
oI FE UL HEET 5 RERETT (Table 18).
DT, WRELET S EREEkE L TER
BYIC LA, FMLENLRBRETLHD FT.
10.3 F+ESY—ERkDIE

o €7 ) —ERRBELFLAMLIZLOTT,

Table 17 7 3 JEESITE

UTOFEILSNWT, BEEERE, F—F 05
B L BT DU TERER .
FEL: =V R UATEBRA M T AREE
FiE2: OPAIZ L AR M5 A8yeie ik
FE S PITC LI S5 AESHEE{LE
FE4:AQC 7 Vb T ATHFEMKLE

FHES : OPAT VI T hshE k(s

51 6 : DABS-Cl 7' L h 5 ASEE K L1k
FET FMOC-Cl7 vi 5 AZFERLE
51 8 : NBD-F 7L 5 AsEEE{LE

Table 18 BEFMITIC L 5WMEMORIEE

kit . REBHEIE (PR, £3 -« £{3H
R, BERS)
A BB EMICERED DR
AW IZE AR OB F ISR
- #BEE : 16S rRNA O BRI EE 6B 0 — )
- EH o ITS1 488k

(185rRNA-5.8SrRNA)
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NIFEMERNCEMZE - 288 A 4 2 BED

WTT%@T% EEFBAL CoMERERT 2
BETT. MERReHERRICHE-LNnE Y. AX
Bz A REEERESR THL) XoRF o
DB E Fig. 2 1SR L 7
Bl T, VEEREEOEWICETE, WLABENR
W~k EHEHMET 5 Z & HTTEET.

10.4 BEHEEBEOEE
BEEROFHNED -5 b, EERHEEFND
D LT [BEIIRENEE] »H0E¥. &
i3, 7.3 WiEREREE Tl TR ORIFEERE
Bkl vy FroRBET, BEFEMOSZTANICE
72T, REREOERG & RBES 20 2, #
B9S2 SEBHRICUERL 22 b DT

10.5 ABEEEZX
ERFICESINIABEOERBEZPIRLZY
N T, Table 1912R$ & i, ESABINEL L E
HiEES CTRENFEIRBIN T T, =
@95 b Lowry 12D Tid BEIC A Wy SrRy Sl & 2k
WCEEAIPE I N, BHOEETLEERINES N
2T, BRMEOEREE: LT, [2EHICWN
BWENTWEERLF] CHEICEBL T T,
Biuret ZEic 2T d, E7 by F RFEIZHWLIA
WNDED L HIC D THEHSETIT-> T 50% B E
MENHEHE LCRBLTWET, 2ok, 12A
HEEREISZLEANICIE T > T EEA.

10.6 HWEATTKDE

RABENEBANECEFRL THMT 2ESR

ZHFEEFET L,

Table 19 7o A BEE R

f—t
.

A RIIE
Lowry &
BRMBE ORMEE:

INEEBRINE SN THBEELR” LT
B TAEMZENRRIREROCERFEELE
& &BmLi

Bradford 1&

v a= mEE

Biuret &

AR E OTHEE ;
e by FRIRICAVDRREA, 7 = VB=
F MU U A= KFIOBERRIIEE TR <K

(LERLITRDD) JE LK
B I EIESE OBRER BN

& IETE
ZERBIEE

o

Rl

=Ne

paEpETY. Fig 3 CHEELERIKENENER %R
LY. CNRBEBZEESOBRRRVES 21T
2T A, ok D IR, MERRICHA
Tx %9, %7, Fig.4ic®/ 7o) — LHEEHE
ROEBESERKDEERLET. JLIHEHDE
WERBRL e LT ET,

10,1 RFIFFevT&k

mARENHENRS, FCEHENSAFT I /0
C—InBEEROMERRO—HET, TABHEYL
L H B WIIEBERMICAME L T_7F PR & L,
Z oW *BRMEL K HMESHT T 5 A TY. Fig
517 F Fey 7THENEFERLET. =)Ao

A BEHERERORRHER,
HESNBRECRAVLNEFES
Y—EBSKEERIZOWT, RE,
BE%, IR AFTHMR

IYRAORIF DR HHI
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