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solution (85% acetone, 5% triethylamine, 5% acetic acid in
water (1.7 mL)), the mixture was kept at ~20 °C for 30 min
and the precipitate was collected by centrifugation at 8000g for
15 min and washed with 75% ethanol (1 mL X 2). The
precipitate was dried by a centrifugal evaporator.

Release of N-Glycans from Glycoproteins and Fluorescent
Labeling of the Released N-Glycans with 2-Aminobenzoic
acid (2-AA)

The whole protein pool obtained as described above was
suspended in water (210 uL), 10% SDS (24 uL), and 2-
mercaptoethanol (2.4 yL). The mixture was kept in the boiling
water bath for 10 min. After cooling, 10% NP-40 solution (24
#L) and 1 M phosphate buffer (pH 7.5, 29 uL) were added. N-
Glycoamidase F (4 U/4 pL) was added to the mixture and
incubated at 37 °C for 24 h. After keeping the mixture in the
boiling water bath for S min, the mixture was mixed with 695
uL of EtOH and centrifuged at 12000g for 15 min. The
supernatant containing the released N-glycans was collected
followed by lyophilization to dryness by a centrifugal
evaporator. The dried mixture was dissolved in 2-AA (200
UL) solution prepared by dissolution of 2-AA (30 mg) and
sodium cyanoborohydride (30 mg) in methanol (I mlL)
containing 4% sodium acetate and 2% boric acid. The mixture
was kept at 80 °C for 60 min. After addition of distilled water
(200 L), the mixture was applied to a column of Sephadex
LH-20 (1.0 cm id, 30 cm length) equilibrated with 50%
aqueous MeOH. The earlier eluted fluorescent fractions were
collected and evaporated to dryness. The dried residue was
dissolved in distilled water and used for the analysis of N-
glycans.

Group Separation of 2-AA-Labeled N-Glycans Based on the
Number of Sialic Acid Residues by Serotonin-Affinity
Chromatography

Serotonin-affinity chromatography was performed by a Jasco
HPLC apparatus equipped with two PU980 pumps and a Jasco
FP920 fluorescence detector (Hachio-ji, Tokyo, Japan). An
aqueous solution of the mixture of 2-AA-labeled N-glycans (10
4L, corresponded to 2.0 X 10° cells) was separated based on
the number of sialic acid residues using a serotonin-
immobilized column (4.6 mm id. X 150 mm length, J-Oilmils,
Chu-o ku, Tokyo, Japan) by linear gradient from water (eluent
A) to 40 mM ammonium acetate (eluent B) at a flow rate of 0.5
mL/min. Initially, eluent B was used at 5% concentration for 2
min, and then linear gradient elution was performed to 75%
eluent B for 35 min, and finally the eluent was changed to 100%
eluent B during the following 10 min. Peaks were collected and
Iyophilized to dryness.

NP-HPLC Analysis of 2-AA-Labeled N-glycans

Each group of N-glycans obtained by serotonin-affinity
chromatography was further separated by normal-phase high-
performance liquid chromatography after removing sialic acids
by digestion with neuraminidase. A portion (10 uL,
corresponded to § X 10° cells) of asialoglycans was analyzed
with an Amide-80 column (Tosoh, 4.6 mm X 250 mm) using a
linear gradient formed by 0.2% acetic acid in acetonitrile
(solvent A) and 0.5% acetic acid in water containing 0.3%
triethylamine (solvent B). The column was initially equilibrated
and eluted with 30% solvent B for 2 min, from which point
solvent B was increased to 95% over 80 min and kept at this
composition for further 100 min. Flow rate was kept at 1.0 mL/
min. The observed peaks were collected and lyophilized to
dryness for the analysis by matrix-assisted laser-desorption
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ionization time-of-flight (MALDI-TOF) mass spectrometry
(MS) according to the previous papers.'”'$ All m/z values of
N-glycans were investigated using “Glyco-Peakfinder”, which is
a tool for annotation of glycan on MS-spectra (BuroCarbDB).

Lectin Affinity Chromatography of Glycopeptides Using a
DSA-Immobilized Agarose Column

The whole protein pool from melanoma cells (1.0 X 107 cells)
was dissolved in guanidine solution (2 mM EDTA, 0.5 M Tris-
HCJ, and 4 M guanidine (pH 8.5, 80 yL)), and 0.18 M DTT in
guanidine solution (40 pL) was added to the mixture. The
mixture was kept at 37 °C for 90 min. After addition of 0.18 M
iodoacetamide in guanidine solution (S5 L), the mixture was
kept for 45 min in a dark place. After addition of acetone
solution (85% acetone, 5% triethylamine, 5% acetic acid in
water (1.7 mL)), the mixture was kept at =20 °C for 30 min.
The precipitate was collected by centrifugation at 8000g for 15
min and washed with 75% ethanol (1 mL X 2) and dried by a
centrifugal evaporator. The dried material was digested with
TPCK-treated trypsin (100 pg) in 0.1 M Tris-HCI (pH 8.6,
800 pL) containing 2 M urea at 37 °C overnight. After keeping
the mixture at 100 °C for 10 min, the supernatant was collected
and passed through an ultrafiltration membrane (MW cut off,
5000 Da). The residual solution on the membrane was used as
a mixture of glycopeptides and applied to a DSA-immobilized
column (DSA 3.8 mg (7.9 nmol)/1 mL of agarose), which had
been previously equilibrated with PBS. Unbound peptides were
eluted with PBS (15 mL). Then the bound glycopeptides were
eluted with 0.1 M N-acetyl p-glucosamine in PBS (15 mL). The
bound and unbound fractions were passed through an
ultrafiltration membrane (MWCO, 3000 Da), respectively.
The residual solutions on the membrane were evaporated to
dryness by a centrifugal evaporator. DSA-bounded/unbound
glycopeptides were suspended in a mixture of water (210 yL),
109% SDS (24 pL), and 2-mercaptoethanol (2.4 yL) and was
kept in the boiling water bath for 10 min. After cooling, 10%
NP-40 solution (24 pL) and 1 M phosphate buffer (pH 7.5, 29
UL) were added. N-Glycoamidase F (4 U/4 pL) was added to
the mixtures and kept at 37 °C for 24 h. After keeping the
mixtures in the boiling water bath for S min followed by
centrifugation at 8000g for 10 min, the supernatant solutions
were collected. One half of the solutions were used for the
analysis of de-N-glycosylated peptides, and another half were
used for the analysis of N-glycans after fluorescent labeling with
2-AA in the same manner as describe above,

Liquid Chromatography (LC)-lon-Trap Time-of-Flight
(IT-TOF) MS Analysis of Peptides

Positive electrospray ionization (ESI)-MS analyses were
conducted with an LC-IT-TOF MS instrument (Shimadzu,
Kyoto) connected with an HPLC system (two LC-20AD
pumps, 2 CTO-20AC column oven, and a CBM-20A system
controller; Shimadzu, Kyoto). A portion (3 uL, equivalent to §
X 10% cells) of the aqueous solution of the peptide mixture
obtained by digestion with N-glycoamidase F was injected to a
reverse-phase column (HiQ sil C18 column, 2.1 mm X 150
mm; KYA TECH) and analyzed using the following gradient
program. Solvent A was 5% acetonitrile/0.1% formic acid.
Solvent B was 95% acetonitrile/0.1% formic acid. The column
was initially equilibrated and eluted with 5% solvent B for 5
min, from which point solvent B was increased to 75% over 30
min at a flow rate of 0.2 mL/min. Column temperature was
kept at 40 °C. The MS apparatus was operated at a probe
voltage of 4.50 kV, CDL temperature of 200 °C, nebulizer gas
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Figure 1. Serotonin-affinity chromatography of N-glycans derived from WM266-4 (A) and WM11S (B) cells. Analytical conditions: column, a
serotonin-immobilized column (4.6 mm i.d, 150 mm length); eluent A, distilled water; eluent B, 40 mM ammonium acetate; gradient condition,
linear gradient from 5% of eluent B to 75% of eluent B (2—37 min), and 75% of eluent B to 100% of eluent B for 10 min; flow rate, 0.5 mL/min;
column temperature, 30 °C. Peak (a) asialo-/high mannose-type glycans, peak (b) monosialo-glycans, peak (c) disialo-glycans, peak (d) trisialo-
glycans, peak (e) tetrasialo-glycan. The data in pie graphs were obtained by three experimental data.

flow of 1.5 L/min, and ion accumulation time of 30 ms. MS
range was from m/z 200 to 2000, and MS/MS range also from
m/z 200 to 2000. CID parameters were as follows: energy,
50%; collision gas, S0%. Monoisotopic ion was used as the
precursor ion. MS data were processed with LCMS solution
software ver. 3.6 (Shimadzu).

Peptide Mass Finger Printing

MS/MS spectra were processed using LCMS solution software
version 3.6 (Shimadzu), and peak list files (Mascot generic
format) for MS/MS ion search were generated using Mascot
Distiller (version 2.3, Matrix Science). The parameters for
database search were as follows. Protein database was set to
Swiss PROT (version, 2011_12 containing 20323 human
protein sequences). Taxonomy was set to Homo sapiens. One
trypsin missed cleavage was allowed. The mass tolerance was
set to 0.5 Da for precursor ions and 0.5 Da for product ions.
Carbamidomethyl (C) was chosen as a fixed modification.
Deamidated (NQ) was chosen for de-N-glycosylation (Asn (N)
to Asp (D)). Peptide charge was chosen as +1, +2, and +3. Data
format was chosen as Mascot generic, and instrument was
chosen as ESI-TRAP-TOF. A decoy search (based on
automatically generated random sequences) was employed to
determine the false discovery rate (FDR) in MS/MS-based
identification. The FDR was an average of 2.12% for all
experiments.

Sodium Dodecyl Sulfate-Polyacrylamide Gel
Electrophoresis {(SDS-PAGE)

After addition of SDS-PAGE sample buffer (250 mM Tris-HCl
(pH 6.8)-4.6% SDS, 20% glycerol), 2-mercaptoethanol, and
water (10:9:1, 2 yL) to the whole protein (1 X 107 cells), the
mixture was vortexed and boiled for 10 min. The supernatant
was collected after centrifugation and used for SDS-PAGE.
SDS-PAGE was performed with a Mini protean 3 cell and a
POWER PAC 3000 (Bio Rad, Hercules, CA). The applied
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protein was 25 pg/lane as examined by the BCA method using
bovine serum albumin as standard. Separation gel was 10%.
Electrophoresis buffer was 25 mM Tris, 198 mM glycine, and
1% (w/v) SDS in water. After SDS-PAGE, the gel was stained
with Coomassie brilliant blue G-250 (CBB) for 1 h. CBB
solution contains 40% methanol, 10% acetic acid, and 0.2%
CBB. The gel was destained with 40% methanol—10% acetic
acid.

Western Blot Analysis

Western blot analysis was performed with a semidry electro-
phoretic transfer cell (Trans-Blot SD, BIO-RAD, Hercules,
CA). PVDF membrane was previously kept in methanol for 1
min and in the blotting buffer (48 mM Tris, 39 mM glycine,
and 20% methanol (pH9.0)) for 1 h. Each sample solution
obtained as described above (25 pig as protein) from WM266-4
and WM11S cells was resolved using reducing 10% SDS-PAGE,
and transferred to a PVDF membrane. The membrane was
incubated in blocking buffer (5% skim milk, 0.05% Tween 20 in
PBS). After washing the membrane with 0.05% Tween 20/PBS
(20 mIL X 4), the membrane was reacted with a primary
antibody overnight. All the primary antibodies were used at the
same concentration (5 pg/ml, S mL). After washing the
membrane with 0.05% Tween 20/PBS (20 mL X 4), the
membrane was reacted with the biotin conjugated secondary
antibodies (S pg/mL, S mL) for 1 h. After washing with 0.05%
Tween 20/PBS (20 mL), the PVDF membrane was reacted
with HRP labeled avidin (S yg/mL, S mL in PBS) for I h. After
washing with 0.05% Tween 20/PBS (20 mL X 4), the
membrane was visualized with 0.05% DAB, 0.0031% hydrogen
peroxide in 100 mM Tris-HCl buffer (pH 7.5).
Immunoprecipitation of Chondroitin Sulfate
Proteoglycans 4 (CSPG4)

Anti-CSPG4 (S0 pg/mL, 100 uL) was added to Protein G
Sepharose (100 L), and the mixture was incubated for 1 h.
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Figure 2. NP-HPLC analysis of five N-glycan fractions separated by serotonin-affinity chromatography. The N-glycans were previously digested with
neuraminidase. Analytical conditions: column, TSK-Gel Amide-80 (4.6 mm X 250 mm); eluent A, 0.2% acetic acid/acetonitrile; eluent B, 0.5% acetic
acid—0.3% triethylamine/water. Gradient elution, 0—2 min (30% solvent B), 2—82 min (30—95% solvent B), 82—102 min (95% solvent B).
Detection, ex 350 nm, em 425 nm. Column temperature, 40 °C. The numbers on the peaks are those in the list of N-glycans of Table 1

Protein G Sepharose thus prepared was washed with PBS (1
mL X 3), and the protein mixture obtained from the cells (1 X
107 cells, see above) was added. The mixture was incubated at 4
°C overnight with gentle swirling. Protein G Sepharose was
washed with PBS (1 mL X 6). After addition of SDS sample
buffer (20 pL) and 2-mercaptoethanol (2 uL), Protein G
Sepharose was boiled for 10 min. One half of the supernatant
was collected by centrifugation and used for SDS-PAGE
analysis, and the other half was used for the analysis of
unsaturated disaccharides using capillary electrophoresis.

In-Gel Digestion with N-Glycoamidase F

Protein fractions collected by immunoprecipitation were
analyzed by SDS-PAGE followed by staining with CBB. After
changing the destaining solution with water, the positions
detected by Western blot were cut, and the gel pieces were kept
in 30% acetonitrile (300 uL X 2) for 30 min and dehydrated
with acetonitrile (200 4L x 2) for 10 min.'® After drying, the
gel pieces were digested with N-glycoamidase F (2 U/2 pL) in
100 mM phosphate buffer (pH 7.5, 100 L) at 37 °C overnight
as described previously.”' N-Glycans thus released were
extracted with water (200 L X 3) for 30 min, and the
supernatant solution was used for labeling with 2-AA after
evaporation to dryness.

Analysis of Unsaturated Disaccharides in CSPG4 Species

Prepared by Immunoprecipitation from WM266-4 and
WM115 Cells

A half of the fraction containing CSPG4 obtained by
immunoprecipitation (see above) was dissolved in S0 mM
Tris-HCl buffer (pH 8.0, 100 uL). Chondroitinase ABC (0.5
U) dissolved in the same buffer (10 yL) was added to the
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solution, and the mixture was kept at 37 °C for 12 h. The
mixture of the unsaturated disaccharides thus eliminated was
labeled with 2-AA according to the previously reported
method®® and analyzed by CE with a P/ACE MDQ
Glycoprotein system (Beckman Coulter, Fullerton, CA, USA)
equipped with a helium—cadmium laser-induced fluorescence
detector (excitation 325 nm, emission 405 nm) using a fused
silica capillary (SO pm id, 30 cm) in 0.1 M Tris-phosphate
buffer (pH 3.0). Sample solutions were introduced into the
capillary by pressure injection at 1 psi for 5 s and analyzed by
applying voltage of —25 kV at 25 °C. Peaks observed on the
electropherograms were assigned by coinjection with a mixture
of standard unsaturated disaccharides (AdiCS-0S, AdiHA-0S,
AdiCS-4S, AdiCS-6S, AdiCS-di2,6S AdiCS-di2,4S, AdiCS-
di4,6S, and AdiCS-tri2,4,6S).

RESULTS AND DISCUSSION

Comparative Analysis of N-Glycans Expressed on WM266-4
and WM115 Cells

Total N-glycans prepared from WM266-4 and WMI11S cells
were separated based on the number of sialic acid residues
using a serotonin-immobilized column as reported previ-
ously.’®” As shown in Figure 1, asialo-/high mannose-type
N-glycans (peaks a) were not retained on the column and
observed at ca. § min.

Monosialo- (peak b), disialo- (peak c), trisialo- (peak d), and
tetrasialo- (peak e) N-glycans were observed at ca. 10—15 min,
18 min, 20 min, and 23 min, respectively. Asialo and high-
mannose fractions were most abundant in both WM266-4
(44.6 + 3.1%) and WMI115 (503 + 2.5%) cells. Relative
abundances (184 + 3.3%) of monosialo N-glycans in WM115
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Table 1. List of N-Glycans Expressed on WM266-4 and WM115 Celis

relative abundances (%) to total N-glycans®

o.  structure® observed m/z monosaccharide WM266-4 cell r WMI1S cell of
no. ructul um o. sum
WM266-4/115 composition s sum o
@ ® @© @ (€ @ (@ @G (© (@ (€ @9
1 SORE- 1030.41/1030.34 MansGloNAc,-2AA 138 - - - - 138 281 - - - - 291
2 Somy-  117642/117629 FucMansGleNAc2AA 502 - - - - 512 570 - - - - 570
3 wdomu-  1379.44/1379.52 Fuc,MansGlcNAc;-2AA 118 - - - - 118 38 - - - - 3.84
4 *%oma-  1192.42/1192.49 Man,GlcNAc2AA 119 - - - - L1938 - - - - 0.42
5 °gomp. 133839133852 Fuc,ManiGleNAc-2AA 059 - - - - 059 042 - - - - 042
6 omSomE-  1395.38/1395.37 GalMan;GIcNAc;-2AA 044 099 - - - 143 053 178 - - - 231
7 Boose~  1436.44/1436.51 Man;GlcNAcs-2AA 043 - - - - 043 050 - - - - 0.50
8 Sooms. 135435/1354.34 MansGleNAc,2AA 650 - - - - 650 1368 - - - -  13.68
9 ?up 1639.49/1639.38 Man;GlcNAcs-2AA 039 - - - - 039 - - - - - -
10 Eoomm.  174449/1744.62  GalFucMamGleNAG2AA 047 049 - - - 09 158 - - - - 1.58
A
n @,“* 1516.40/1516.28 MangGleNAc;2AA  17.14 - - - - 1714 1360 - - - - 1360
12 SEgomy-  1907.00/190685  GalFucManGINAcr2AA 043 403 473 - - 919 059 610 429 - - 1098
13 %.-- 1678.55/1678.39 Man;GleNAc;2AA 1123 - - - - 1123 629 - - - - 6.29
14 :@..- 1840.55/1840.51 MangGIcNAC,-2AA 847 - - - - 847 705 - - - - 7.05
0
15 §g’:;u.~ 2003.12/2002.98 MansGIcNAc;-2AA 670 - - - - 670 536 - - - - 536
16 °?«~ 2166.59/2166.66 GalMan;GleNAc-2AA 043 - - - - 043 017 - - - - 047
(o3
17 owP®E- 154135154148  GalFucManGIoNAG:-2AA 148 - - - . 148 162 - - - - 1.62
18 omoP®E-  170345/170333  GalFucManGleNAc;2AA 048 - - - - 048 - - - - - -
19 omooRE~  1598.55/1598.50 GaliMan;GleNAc;2AA - - - - - - 093 - - - - 0.93
20 TBeomm-  [760.41/1760.34 GalbMansGlcNAce2AA - 262 140 - - 402 - 2m 137 - - 4.09
21 . ?}“ 1719.48/1719.61 GalMansGIcNAC;-2AA 042 - - - - 04z - S _
2 TEoPRE- 2109307210928 GalFuMamGleNAcs2AA 032 - - - - 03 035 - - - - 035
23 N 3’%'14 1865.44/186529  GalFue,MansGlcNAc;-2AA 031 - - - - 031 033 - - - - 033
24 ga,:»“— 2125.39/2125.44 GalMan;GIcNAcs-2AA - 024 055 068 - 147 - 054 071 145 - 270
(-]
25 n%p{h 1881.47/1881.44 GalMansGIcNAc;2AA - 025 - - - 025 - - - -
fed |
26 SEJSEE 23713527145  GahFucManGIcNAGs2AA - 092 049 276 - 417 - 085 033 242 - 3.60
27 @*r 2474.69/2474.53  GalyFuc,MansGIcNAC2AA - ..o - 05 - - - 0.15
<
28 g?“‘ 2490.98/2491.02 GalMan;GleNAc,-2AA - 014 - 031 - 0.45 - - - 038 - 0.38
o
29 5’&*}* 263644/263636  GalFuc,MamGleNAcg2AA - 035 092 344 2.0 681 - 069 060 276 202 607
omon
30 CTOR™,... 300304300259  GalsFueManGleNAc,-2AA - 007 032 181 080 300 - 006 012 053 014 085
e A
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Table 1. continued

relative abundances (%) to total N-glycans"

ructure” observed m/z monosaccharide WMZee4 cell : WMLIS ool f
no, cture m O
struetur WM266-4/115 composition 66-4 cells sumo o s
@ B © @ @ @) @ @ () @ ( o
O
31 c‘-g}'{l},..“ 3367.02/3366.78  GalcFucMan;GIcNAcg-2AA - 0.04 0.16 118 048 186 - 009 036 006 051
Pt A
R,
32 g:f’;?nr 3732.00/3732.34  GalFuc,Man;GleNAce-2AA - 0.11 087 030 128 - - 005 019 024
()-I-?-l
33 333?-:~ 4097.92/4098.21  GalgFue,MamGlcNAci-2AA - - 007 056 013 076 - - 003 009 0.12
O;OIO
34 g:?é}-g« 4462.07/4462.34  GaloFuc,ManyGIcNAc;-2AA - - 005 025 004 034 - - - - - -
B
9{\";
35 ‘~"§§§-g« 4827.69/4827.31  GaljoFuc;Man;GleNAc),2AA - - 004 014 - 018 - - - - - -

“?Structures of N-glycans were assigned based on the monosaccharide composition. “2Relative abundances (%) to total N-glycans were calculated
as the ratios of individual N-glycans observed in five fractions. () Asialo-/highmannose-, (b) monosialo-, (c) disialo-, (d) trisialo-, and (e) tetrasialo-
fraction. Abbreviations: Gal, galactose; Man, mannose; Fuc, fucose; GlcNAc, N-acetylglucosamine. Symbols: light gray-filled circle, Gal; gray-filled

circle, Man; black-filled square, GIcNAc; black-filled triangle, Fuc.

cells were slightly higher than those (16.0 + 2.8%) of WM266-
4 cells. In contrast, disialo (peak c), trisialo (peak d), and
tetrasialo (peak e) N-glycans in WM266-4 were present more
abundantly than those in WMI115 cells.

The glycan groups thus separated were further analyzed by
NP-HPLC as asialo-N-glycans to improve resolutions among
peaks. In asialo-/high-mannose fractions, a large amount of
high-mannose type N-glycans were found as major constituents
in both cells (Figure 2). Each peak was collected and analyzed
by mass spectrometry and assigned as listed in Table 1.

Peaks 1, 4, 8, 11, 13, 14, and 15 were due to high-mannose
type N-glycans having 3, 4, 5, 6, 7, 8, and 9 mannose residues.
Structures of these N-glycans were easily confirmed by
comparison with the standard samples obtained from RNase
B and by combination of Jackbean @-mannosidase digestion
and MALDI-TOF MS analysis. Elution positions of peaks 8, 11,
13, 14, and 15 were the same with those of five high-mannose-
type N-glycans (ManS, 6, 7, 8, and 9) prepared from RNase B
which contains only high-mannose-type glycans. Furthermore,
when asialo-/high-mannose fractions (peak 2) were digested
with Jackbean a-mannosidase, peaks 1, 4, 8, 11, 13, 14, and 15
completely disappeared. These data clearly indicate that these
peaks were due to high-mannose-type N-glycans.

After neuraminidase digestion of sialic acid-containing N-
glycan fractions (peaks b, ¢, d, and e in Figure 1), the mixture of
desialylated N-glycans from each fraction was analyzed in the
same manner. In monosialo fractions, peaks 12 and 20, which
showed molecular ions at m/z 1907.00/1906.85 and 1760.41/
1760.34, respectively, were abundantly present in both
melanoma cells and are due to monofucosylated diantennary
N-glycan and diantennary N-glycan, respectively. 18, 21, 28,
and 28 were observed only in WM266-4 cells, but 19 and 27
were observed only in WM115 cells. In disialo fractions, the
major N-glycan 12 observed at 24 min showed a molecular jion
at m/z 1907.00/1906.85 that was due to monofucosylated
diantennary N-glycan. 12, 26, and 29 were observed commonly
in WM266-4 and WM11S cells and assigned as monofucosy-
lated diantennary, triantennary, and tetraantennary N-glycans,
respectively. A small amount of tetraantennary N-glycans (30,
31, 32, and 33), having one to four additional LacNAc (Gal-
GIcNAc) residues, were observed in both melanoma cells as
characteristic ladder peaks. In trisialo fractions, triantennary N-
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glycans (24 and 26) and tetraantennary N-glycans ( 29) were
commonly observed in both WM266-4 and WMI11S cells.
Tetraantennary N-glycans derived from WM266-4 cells showed
larger amount of ladder peaks (30, 31, 32, and 33) between 30
and 35 min than those in WM11S$ cells. Also, N-glycans (34
and 35) having higher molecular weights were also detected
only in WM266-4 cells. These ladder peaks (peaks 30—35)
were due to tetraantennary N-glycans having different numbers
of LacNAc residues. For example, N-glycans (34 and 35)
showed molecular ions at m/z 4462 and 4827, respectively, and
were assigned as tetraantennary N-glycans having five and six
LacNAc residues at the nonreducing terminal ends (Supporting
Information Figure S1). Although N-glycans having small
numbers of polyLacNAc residues (30, 31, 32, and 33) were
also observed in WM115 cells, their relative abundances to total
N-glycans were significantly lower than those in WM266—4
cells. In tetrasialo fractions, monofucosylated tetraantennary N-
glycan (29) was the major glycan observed in both cells.
Tetraannattenary N-glycans substituted with multiple poly-
lactosamine residues (32, 33, and 34) were observed only in
WM266~4 cells.

In summary, we identified 35 N-glycans (as asialo N-glycans)
as shown in Table 1. Most of the complex-type N-glycans were
commonly observed in both WM266-4 and WMI1S cells.
Typical complex-type N-glycans with one Fuc residue (12, 26,
and 29) were abundantly observed in both melanoma cells, and
the sum of relative abundances of these glycans in WM266-4/
WMI11S cells were 9.19%/10.98% (12), 4.17%/3.60% (26),
and 6.81%/6.07% (29), respectively. These results indicate that
there are no remarkable difference in the biosynthetic
machinery for core structure of bi- (12, 20), tri- (24, 26),
and tetra-antennary (28, 29) N-glycans. In contrast, expression
levels of polyLacNAc-carrying N-glycans (30, 31, 32, and 33)
were significantly higher in WM266-4 cells. The sum of relative
abundances of 30 and 31 in WM266-4 were 3.5-fold higher
than those in WM118S. Also, relative abundances of 32 and 33
were markedly higher in WM266-4 cells. PolyLacNAc-carrying
N-glycans with additional LacNAc residues (34 and 35) were
observed only in WM266-4 cells. Thus, polyLacNAc-carrying
N-glycans were abundantly expressed in metastatic melanoma
cells (WM266-4) as compared with primary melanoma cells
(WML11S). The expression level of polylactosamine-type N-
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Figure 3. Total ion chromatogram of DSA-bound glycopeptides. Analytical conditions: see Materials and Methods. Peak numbers correspond to
those in the list of Table 2

Table 2. Glycoproteins Having Polylactosamine-Carrying N-Glycans Identified in WM266-4 Cells

Slpeptide .oovo vt B UMW error ) L
e it e (D)) preowsorions  (Da) score * peptide sequence®”
1 CD63 antigen 25.6 [M + 2H]** = 738.30 0.02 25 CCGAANYTDWEK
2 CD109 antigen 1617 [M+2HP* = 70636 002 26  TQDEILFSNSTR
3 cell adhesion molecule 1 48.5 [M + 2H]* = 689.37 0.02 39 VSLTNVSISDEGR
4 chondroitin sulfate proteoglycan 4 (CSPG4) 250.5 [M + 2H)* = 644.36 001 71 GVNASAVVNVTVR
5 CDS59 antigen 14.5 M + 2.H]2+ = 901.92 0.02 78 TAVNCSSDFDACLITK
6 CD63 antigen 256  [M+2HP* =70700 007 23 CCGAANYTDWEKIPSMSK
7 CD63 antigen 256  [M+2HP =8507 003 67  NRVPDSCCINVIGCGINENEK
8 basigin (CD147) 22 [M+3H =66335 003 50 ILLTCSLNDSATEVTGHR
9 chondroitin sulfate proteoglycan 4 (CSPG4) 250.5 [M + 2H]** = 742.91 0.02 70  LDPTVLDAGELANR
10 lysosome-associated membrane glycoprotein-1 44.9 [M + 3H]* = 72171 003 62  SGPKNMTFDLPSDATVVLNR
11 lysosome-associated membrane glycoprotein-1 449 [M + 2H]* = 89797 0.02 34  NMTFDLPSDATVVLNR
12 chondroitin sulfate proteoglycan 4 (CSPG4) 250.5 [M + 3HP* = 897.09 0.06 40  YVHDGSETLTDSFVLMANASEMDR

“Sequences marked with underline are by the N-glycosylation potential sites (Asn-X-Ser/Thr). “All cysteine residues are modified with

carbamidomethylation.

glycans may be correlated with expression level of S1-6N-
acetyl-glucosamine (#1-6GlcNAc), and f1-6 GIcNAc branching
on N-glycans is increased in malignant transformation in cancer
metastasis.”>~** Some groups reported N-glycosylation patterns
in human melanoma cells at different progression stages by
lectin-blotting analysis using Phaseolus vulgaris-leucoagglutinin
(PHA-L) which recognizes $1-6GlcNAc branch on Manal-6
branch of N-glycans and demonstrated that S1-6GlcNAc-
expressing glycoproteins were abundantly observed in meta-
static melanoma cells (e.g, WM239, WM, and A375).2%% It is
well-known that N-acetylglucosaminyltransferase-V (GnT-V,
Mgat$) catalyzes the transfer of GIcNAc to the OH-6 position
of the Man residue in Mana1-6Man branch of trimannosyl core
structure and higher expression of this enzyme has been shown
to induce metastatic spread.u' Difference in expression level of
polylactosamine-type N-glycans may be due to the difference in
expression level of GnT-V between both cells. These data
prompted us to find specific protein(s) expressing N-glycans
having multiple polylactosamine-type residues that were
observed in WM266-4.
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Identification of Glycoproteins Carrying PolylLacNAc
Residues in WM266-4 Cells

We previously found that integrin-a5 (CD49e), carcinoem-
bryonic antigen (CEA)-related cell adhesion molecule S
(CD66e), CD107a, and CD107b were common glycoproteins
carrying polyLacNAc-type N-glycans in histiocytic lymphoma
cells (U937) and gastric cancer cells (MKNA4S).'® These
glycoproteins were confirmed as follows: (i) capturing of
glycopeptides by characteristic glycan-recognizing lectin(s), (ii)
analysis of the released glycans from the captured glycopeptides
after N-glycoamidase F, and (jii} LC/MS of the peptides having
N-glycosylation sites.

In the similar manner employed in the previous studies,
whole protein from WM266-4 cells was digested with TPCK-
trypsin, and polyLacNAc-carrying glycopeptides were collected
using a Datura stramonium agglutinin (DSA)-immobilized
agarose column'® (Supporting Information Figure S2 and
Table S1). It is known that DSA shows specificity to f1—4
linked oligomers of GlcNAc and also shows affinity to
polyLacNAc residues on glycoconjugates.'® The collected
DSA-bound glycopeptides were digested with N-glycoamidase
F, and the mixtures of peptides after releasing N-glycans thus
obtained were analyzed by LCMS (Figure 3). More than 30
peaks were observed on the total ion chromatogram. The peaks

dx.doi.org/10.1021/pr401015b 1 J. Proteome Res. 2014, 13, 1021~1033
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Figure 4. Western blot analysis of glycoproteins containing polyLacNAc residues commonly present in WM266-4 and WM115 cells. Analytical
conditions: separation gel, 10% T/2.6% C; blotting buffer, 48 mM Tris-39 mM glycine—20% methanol; blocking buffer for lectin blot, 0.05% Tween
20 in PBS; blocking buffer for Western blot, 5% skim milk—0.05% Tween 20 in PBS. Detection: HRP-DAB.
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Figure 5. Analysis of N-glycans expressed on CSPG4 in WM266-4 (A) and WM115 (B) cells. The N-glycans were previously digested with
neuraminidase. Analytical conditions are the same as in Figure 2. The m/z values and structures of individual peaks were summarized in Table 3.

Structures corresponding to the peak numbers are summarized in Table 3

observed from 11 to 19 min showed molecular ions from m/z
500 to m/z 1000 (charge state: +2 or +3) (Supporting
Information Table S2). On the other hand, peaks appeared
later than 20 min showed low molecular ions (less than m/z
500). The small peptides have little information on peptide
sequences. Therefore, the peaks observed from 11 to 19 min
were analyzed by MS/MS technique, and 12 peptides were
proved to have Asn-X-Ser/Thr consensus sequence for N-
glycosylation site as shown in Table 2 (Supporting Information
Figure S3, Table S2, and Table S3).

The sequences of CCGAANYTDWEK (1), CCGAANYTD-
WEKIPSMSK (6), and NRVPDSCCINVIGCGINFNEK (7)
were assinged to the sequences of CD63 (CD63_HU-
MAN:P08962). The presence of polyLacNAc-type N-glycans
in CD63 of human melanoma cells was already reported.”®
Three peptide sequences (4, 9, and 12 for GVNA-
SAVVNVTVR, LDPTVLDAGELANR, and YVHDG-
SETLTDSFVLMANASEMDR, respectively) were due to
chondroitin sulfate proteoglycan 4 (CSPG4_HUMAN:-
Q6UVKI1). CSPG4 is a high molecular weight glycoprotein
having both N-glycans and CS chains, although the presence of
polyLacNAc-type N-glycans in CSPG4 has not been reported.
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Peptides 10 (SGPKNMTFDLPSDATVVLNR) and 11
(NMTFDLPSDATVVLNR) corresponded to the sequences
for lysosome-associated membrane glycoprotein-1 (LAMPI]_-
HUMAN:P11279). N-Glycans on LAMP-1 in various cells are
often modified with polyLacNAc.** ™' We also reported that
LAMP-1 in some cancer cells contained a large amount of N-
glycans having polyLacNAc.'® Basigin (BASI_HU-
MAN:P35613) as well as LAMP-1 are glycoproteins having
polyLacNAc-type N-glycans.”® ™" Krishnan et al. also reported
that the immunoprecipitated LAMP-1from the cell lysates of
mouse high metastatic melanoma cells (B16F10) express higher
levels of polyLacNAc-type glycans than those of low metastatic
melanoma cells (B16F1).3” The results are well consistent with
our present findings. Other sequences (2, 3, and §) were due to
CD109 (CD109_HUMAN:Q6YHK3), cell adhesion molecule
1 (CADMI1_HUMAN:Q9BY67), and CDS9 (CDS9 HU-
MAN:P13987), respectively.

These proteins having polyLacNAc-type-N-glycans were
further confirmed by Western blot analysis (Figure 4).

Basigin was detected at 50—60 kDa (Figure 4A) in both cells.
LAMP-1 is composed of 417 amino acids and observed at ca.
100 kDa (Figure 4B) also in both cells. LAMP-1 is a highly

dx.doi.org/10.1021/pr401015b | /. Proteome Res. 2014, 13, 1021-1033
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Table 3. List of N-Glycans Observed in CSPG4 Derived from WM266-4 and WM115 Cells®

relative abundances®

observed m/z .
peak no. monosaccharide composition structure (mean * SD; n=3)
WM266-4 WMI115 WM266-4  WM1IS
] 1760.70 1761.15 Gal,Man;GIcNAcy-2AA g.%n« 10344.6%  11.9:1.1%
OB
2 1907.21 1907.26 Gal:Fuc,Man;GleNAcs-2AA (}.g‘/@"'* 38.7£1.0%  47.7£3.5%
3 227227 2272.19 GalsFuc;ManyGleNAcs-2AA g%'f‘* 14.3+4.9%  19.8+0.7%
O
O
4 2637.59 2637.14 GalsFuc;Man;GIeNAcg-2AA rr» 20.8+2.6%  18.5+3.2%
O
5 3002.75 3003.25 GalsFuc;Man;GIcNAc;-2AA 74£1.4%  2.1£1.3%
¢ O-a
6 3367.85 nd. GalgFuc,Man;GIeNACg-2AA e 4.242.3% -
7 3733.25 nd.® Gal;Fuc;ManyGlcNAce-2AA % 3.042.8% _
8 4098.56 nd.© GalgFuc;ManyGlcNAc-2AA O-B-O 1.3+1.0% -

“Abbreviations: Gal, galactose; Man, mannose; Fuc, fucose, GlcNAc, N-acetylglucosamine. Symbols: light gray-filled circle, Gal; gray-filled circle,
Man; black-filled square, GIcNAc; black-filled triangle, Fuc. “Relative abundances were calculated as ratios of individual N-glycans to total N-glycans

expressed in CSPG4. “Not detected.

glycosylated protein, having 18 N-glycosylation cites and also 4
O-glycosylation sites.>® Basigin and LAMP-1 in WM266-4 cells
showed slightly larger molecular sizes than those in WM11$
cells. The difference in molecular sizes of these glycoproteins
may be due to molecular sizes of attached N-glycans because
polyLacNAc-type N-glycans are more abundantly expressed in
WM266-4 cells as shown in Table 1. CSPG4 was observed at
>250 kDa (Figure 4C). Although core protein of CSPG4 is
composed of 2322 amino acids, the observed large molecular
size is due to the presence of 15 N-glycans and a chondroitin
sulfate (CS) chain.®* CD63, of which presence was confirmed
by LC/MS, could not be detected in WM11S5 cells by Western
blot analysis (data not shown). Among these glycoproteins
commonly observed in WM266-4 and WM11S5 cells, CSPG4 in
melanoma cells has been reported to be a melanoma specific
antigen.*® CS chains in CSPG4 molecule are involved in various
biological functions such as cell adhesion, cell invasion, and cell
angiogenesis.>*™>® Fukushi et al. reported that CSPG4
promotes cell motility and angiogenesis via interaction with
galectin-3 which is the endogenous polyLacNAc-binding

CS chains on CSPG4 regulate matrix metal-

protein.a’8
39

loproteinase (MMP)-dependent human melanoma invasion.
Thus, changes in glycosylation during malignant transformation
and tumor progression (ie., difference in glycan profiles
between WMI115 cells and WM266-4 cells) should have
some correlation with physiological states of these cells.
However, detailed information on structures of N-glycans and
chondroitin sulfate attached to the core protein of CSPG4 is
not available.
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N-Glycans of CSPG4 Obtained from WM266-4 and WM115
Cells by Immunoprecipitation Method

As shown in Figure S, both cells showed similar N-glycan
profiles. However, relative abundances of N-glycans were
significantly different between WM266-4 and WMI15 cells.

CSPG4 expressed in WM266-4 cells contained a large
amount of polyLacNAc-type N-glycans (15.9% for peaks 5, 6,7,
and 8), and the relative abundance was ca. 7.5-fold higher than
that of WMI11S cells. In WM115 cells, typical complex-type N-
glycans (i, biantennary (1 and 2)-, triantennary (3)-, and
tetraantennary (4)-glycans) were observed as the major
glycans. The sum of these typical complex-type N-glycans
(1—4) was 97.9% in total N-glycans, and the relative abundance
of polyLacNAc-type N-glycans was very low (2.1%). Oncogene
activation often stimulates expression of the Golgi enzymes that
are responsible for the synthesis of polyLacNAc-type N-
glycans. 041 PolyLacNAc-type N-glycans, which are found on
proteins such as growth factor receptors and mtegnns, are
shown to enhance growth signaling in motile tumor cells.*”
was also reported that polyLacNAc-type N-glycan levels were
increased in highly metastatic tumor cell lines.***> Krishnan et
al. investigated the biological roles of polyLAcNAc residues on
organ specific metastasis and revealed that high metastatic
melanoma cell, expressing high level of polyLAcNAc-N-glycans,
show high afﬁmty to the galectin-3-expressed lung vascular
endothelium.** The increased level of polyLacNAc-type N-
glycans may change cell adhesion through carbohydrate—lectin
interaction, resultmg in facilitating tumor cell invasion and
metastasis.** The present data, which show higher expression of
polyLacNAc-type N-glycans in metastatic WM266-4 cells,
support these previously reported results.

dx.doi.org/10.1021/pr401015b | J. Proteome Res. 2014, 13, 1021~1033
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Figure 6. Analysis of unsaturated disaccharides expressed on CSPG4 in WM266-4 and WMI11S cells and structures of unsaturated disaccharides
from chondroitin sulfate/hyaluronic acid. (A) standard mixture of nine unsaturated disaccharides. (B and C) Results on digestion of CSPG4 with
chondroitinase ABC. Analytical conditions: capillary, fused silica capillary (50 gm i.d,, 30 cm); running buffer, 0.1 M Tris-phosphate buffer (pH 3.0);
applied voltage, —25 kV; injection, pressure injection (1.0 psi, Ss); temperature, 25 °C; detection, He—~Cd laser-induced fluorescent detection

(excitation 325 nm, emission 405 nm).

Analysis of Chondroitin Sulfate of CSPG4 Obtained from
WM266-4 and WM115 Cells

Alterations in sulfation pattern of CS chains have been reported
in relation to malignant transformation and progression.*™*’
Human gastric carcinoma-derived versican, which is a high
molecular weight chondroitin sulfate proteoglycan, showed
increase of 6-sulfated CS chains with parallel decrease of 4-
sulfated CS chains as compared to human normal gastric
mucosa.*® Tida et al. reported that chondroitin 4-sulfate
expressed on melanoma cells activated matrix metalloprotei-
nase-2 (MMP-2) and enhanced cell invasion and metastasis.*®
We performed comparative analysis of CS chains on CSPG4
derived from WM266-4 and WM115 cells. Another portion of
CSPG#4 used for the analysis of N-glycans as described above
was digested with chondroitinase ABC, and the eliminated
unsaturated disaccharides was labeled with 2-AA** and analyzed
by laser-induced fluorescence detection (LIF)-CE (Figure 6).
WM266-4 cells showed simple profiles and contained
AdiCS-6S (6S) as the major component and AdiCS-2S (2S)
as the minor one. Disulfated unsaturated disaccharides such as
SD, SE, and SB were not detected. In contrast, four unsaturated
disaccharides, AdiCS-2S (25), AdiCS-6S (6S), AdiCS-di2,4S
(SB), and AdiCS-di2,6S (SD), were observed in WM115 cells.
Disulfated unsaturated disaccharides (SB and SD), which are
abundantly present in dermatan sulfate (DS), were observed
only in WM115 cells. It should be noticed that AdiCS-4S (4S)
given from chondroitin 4-sulfate (CS4) was not detected in
both melanoma cells. Iida et al. reported that CSPG4 is
decorated with CS4 in human melanoma.*® Our present data
are quite different, with their report indicating that CS4 is the
major component of CSPG4 in melanoma cell lines.**™° CS
chains on CSPG4 is believed to be important for their
biological functions such as activation of matrix metlallogrotei»
nase, activation of integrin, or cell surface localization.*”***!
Recent studies have also reported that CSPG4 enhanced
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activation of integrin-related signal transduction pathways,
which may be an important role on tumor progression.””
Although how or whether tumor-associated changes in the
sulfation patterns (e.g, chondroitin-6-sulfation) and CS chain
extension on CSPG4 occur is currently unknown, metastasis-
associated changes in CS modification on CSPG4 may facilitate
migration and invasion.

CONCLUSION

In the present study, we performed comparative analysis of
glycoproteins expressed commonly in the matched patient
primary and metastatic melanoma cell lines. Although most of
the complex-type N-glycans were commonly observed in both
primary and metastatic melanoma cells (WM11S and WM266-
4 cells, respectively), expression level of polyLacNAc-carrying
N-glycans was significantly higher in WM266-4 cells, and we
found that expression of polyLacNAc-carrying N-glycans was
preferentially due to LAMP-1, CD63, Basigin, and CSPG4 as
examined by a combination of lectin affinity chromatography
and LC/MS-based proteomics approaches. Among the
identified glycoproteins, CSPG4 is a well-known marker for
melanoma, and we found that the expression level of
polyLacNAc-carrying N-glycans in metastatic melanoma
(WM266-4) was significantly higher than those in primary
melanoma (WML1S). The results are in good agreement with
the reports describing that polyLacNAc-carrying N-glycans are
increased in malignant transformation in cancer meta-
stasis. >

Sulfation patterns of chondroitin sulfate chain in CSPG4
showed distinct changes between primary and metastatic
melanoma cells. In WM266-4 cells, AdiCS-6S (6S) was the
major component. In contrast, WM115 showed relatively
complex unsaturated disaccharide profiles, and four unsaturated
disaccharides, AdiCS-2S (2S), AdiCS-6S (6S), AdiCS-di2,4S
(SB), and AdiCS-di2,68 (SD) as the major components, were

dx.doi.org/10.1021/pr401015b 1 J. Proteome Res. 2014, 13, 1021-1033
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observed in WM11S cells. It should be noticed that the present
results were inconsistent with the previous reports that CSPG4
was mainly decorated with chondroitin 4-sulfate in human
melanomas.***

In conclusion, post-translational modification of a protein
with carbohydrates in melanoma cells becomes quite different
with malignant transformation in acquiring metastasis ability,
and glycans attached to tumor-specific cells are distinctively
different with changes of their physiological state such as
metastasis ability. Although further studies are required,
comparative analyses of glycans attached to disease-specific
glycoproteins will lead to develop new markers for determi-
nation of the degree of malignancy.
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MS/MS spectra of polyLacNAc-type N-glycans observed in
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summary of N-glycans on glycopeptides fractionated by DSA-
agarose column, summary of MS analysis of deglycosylated
peptides captured by DSA-agarose column, summary of MSMS
analysis of glycopeptides captured by DSA-agarose column
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