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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 a 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.

Key words: LC/MS, oligosaccharide profiling, 2-dimensional electrophoresis, glycomics.
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Th, —#O & vy B OB bisecting GleNAc 34 in
EhTWAZEABRINL BRE, v2FryTas
toxgs r OEENGHESNLKE Y A LOFES 3
rEOIEHOERIC LSS o 2 4 ) v ISR LS
% T\%, BT, bisecting GlcNAc AMF ML Tuv % EHES
RiA#s PEDWT, ¥ty 7y v ficsirs
PNGase F i{k % 17 » THIg% 4 » B L, GCC-LC/MS # H
7 bisecting GIcNAc DHEOREL & FEHIESHAT 2T »
TW3EIATHD.

HEhUiC

GCC-LC/MS # AV Te 7+ 4V ¥ 7k, B2 Y
A EMEESOSE - SEERYEMELTREIRL
bOTHSL ZOEMTE T 1Y, 22DEED T
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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
glycopeptldes 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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EHRCHFEET 282 v 2 BOES M EASEREMAMY
THTwBEEDRD L5, BT, FELBERE
B850 12Ths. HEx vy BOBEMHTT R, &85
ML T -EATFEL, BR - RBE 28 E-T
BT rI e Tw51~Y e LSRRk
s v A BoBEMoTREILEAT Ak, E8T
DB E TR LT A LI bAEATHD
By, HEESNELEHA Y OB ES LT w28
AT ENEETHS.

Hhkre=t 757 4 — /5 v 7o HREGHE (LC/MS/
MS) it, 2 v 27 HOEBERLELL-THLRLERTE ¥
LERTF FORAYE LC THHLERL, #v 54y
TMS/MS B2 fT5 DiBV6RTWA. BR7F VD
FTRAI PAF VAR AR TF NRETTCI S, B
HME T 5% OIS ThTWE DT, LC/MS/
MS RS ROEHEINCHERCERTHE. L2L, &
HOSTFFE—2 OFnbERTF Fe—2 2HETS
DIELL, WhRESTF PO v— 27 28835 55,
B VERORLEL T 5.

RTFF -ERTF VDR, G, B PRERNT S

AL LT, LC LTRAT3HEE, MS/MS TRI 5
HESBD. MEDHELLT, Cuh 52 El7 v ==
T ARBERERCTHE~NY+ MR E i s e
BHEVL, L rFun S AR BLTESTF FRERL,
SHLIHPLC CHETE /54 3%+ » FEYENBER
hTWB. MS/MS TRAT 255 £ LT, BEcSRe
oA F Y =% At (HexNAc)*; m/z 204, [Hex-HexNAcl*;
mfz366 F) XFALT, B+ FRBET LI HE QL
h, AV Y —RA7F72vF—vav® 2 Fyp—y—
1Ay A v VIO R L FENRES ATV S, 1 v
V—ART? G AT~ a YEAWIES, oSS
ALTORBIFOR_ 7+ VOBEMR*»BETS &
BTEBWN, SV F—— T A v RBET B NTET
BHEBEDTAARZ PARE T e 22 b A+ vz~
2P ADHEME, BT FEPOA B EL YT
Tebiev, CHICRLT, TV I ——A 4y as e i,
BR7FVAFVEBETHIERTERN, Tuyr b
TA VAT P ARMEORI D, <7 F PR B
TEHMERAEL M S PR S B

FIT Bal, BOhEERONTFN BRI FE
DLy b f Ay FADERMRG, V=S Ao
FUERERLELT, BT VEHERTE oS s b A S

Glycosylation analysis of glycoproteins by LC/MS/MS: analysis of glycosylation sites and of site-specific heterogeneity.
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YARZ P AREIRENCEROIEL, *7F FERRETH L
FEfic, RAESERETIHEYAVTVW2%0 . YT
W HEBRTEMBITE S5 (quadrupole time of flight-
MS, QqTOF-MS) ¥ AT, HMfrgRayciEs v A7 fm
BIRPRIT LG LT, -7 7271 (AFP) &,
[T To MR i » b P Glycosylphosphatidylinositol
(GPD) 7va—Blsz v s oaiefiTs.

I LC/MS/MS & BB 230 O TEMIR SRR
—a-7z F 7074 (AFP) OfEH—

mEFHFETIE v A7 Ao, KESIZXY
REENSESEr T Tas bhd, Blifiv—»—LLTH
WhhTuwabonbh W, rofEMks vir el
T AFP 30560 T 5. AFP i3, N-i&oBIgrssHinspir
(Asn233) H—EFFET 55 FRF 68,000 nfFHES v
ST, FRRECEWT, BAILTERGIcNAc D7 3 v
AAERNEMT B EMG, LIFYT T 2T 40 —BK
tkhE 1 o/ 7oy P EAVERARHCHB IR T
21213 LC/MS/MS 2BV, AFP O S f2Af
TELLywihchid, S8, X ofiiffc, B offovy
TAT, REABEATIER 2 2 LIS, 2T
i, BB AR AFP o\ TR 24T - fo %R

Fig. 1 (A) %, AFP#RBTHrAxEF 2 +0{bL, B
#, MY T vEEERTY, LUMS % Fob0Th
D NTFF BRI F VREVOLDEL DAL v R
HIRTWZH, F— 2 RIFHIMIMS #—2 (Fig. 1 (B))
DRD miz 204 {HexNAc]") ¥ ==%—33bink-T
(Fig. 1(C)), =7+ VichAETET o X2 bt v A
7kt ERTES.

Flzl, Fig2 tk, 24 SRBHERTERT5 1 n/z
10618* ) D7 u a7 b4 VALY M ATHES. ESFE
ez, miz204 ([HexNAC)*) winz T, HE#iciE+2 mk
168 ([HexNAc-2H,01*), m/z 186 ([HexNAc-H,01%) RB1¥
m/fz 366 ([Hex-HexNAcl*) <, + 7 ol T 5 m/z 202
(NeuAcl*) BUm/z274 ((NeuAc-H,01*) DB 1 + v ik
HEh w5 UaFEfli, =75 F VNFTEIQK g
FTHA 4 (n/z9785) L, bRy A A vidEHEIAT
W%, Fig. 2hD#FKiz~7+ F YNFTEIQK 5403 b B
By A+ rOBiim/iz{BEFL, TOFCRKFCRENL
Eir, FE 7ofzb A4 va~2 b ETRESRE
A4 ERLTNS 3bHK, *7F iz HexNAcH 1 ¥
X289 F, 26 Hx N1 ~35FR/EE LI+ 28
H3h, N-FBESEMSoa 7 ¥HETL EHATE
%, PEEHNEE, Foef 2 b M v AR PAEDB A
v &, TOF-MS T bt~ 7+ F o5 F& (31823 Da)
b7 FOBBRGTR 9775Da) #E L3z ki
T h@BohLGTRE (22228Da) 226, w7 ABNRISF

BELL 2R THL LHEEINE, C0X5K, miz
2 B E Rt e v M v AR PALEEFDTY
=t —A A EERTHILEI-T, AFPRESTS
B EET 5 2 L AR THE D (Table D
Pk AFP DEATEIUL, TR 2 T £ F A L5
RVIFUVTERETL-THEhTEY, Exv 7o
SHEPIBHTH D Z LBREShTWB Y. $ED LC/
MS/MS i DR T, Foftz, 7 o7 afEg 3 &5
RSN ES LT3 I ARSI R, Bs
BRIFT, L0EMERMENETTEE Z Lvbh b,
PLED X35, Ay =vafdrbfgfflie LT, i
TEFDTvF s F LT YA P ARRUMTHER
SFFVOby A L RUBHMOB A+ kb T
FOREEEEHMOMERERT I T LNTETHH S
Edb, SRMESNLEMINCERTHS. Kic, LC/
MS/MS Ik BYE~ 7+ W AIRTEEY, WRKMECHg
RIS v S 0 BRI | iR T
IL Z PR 137 OB A4
—Z v MR GPI 7 h—BY 7 B OB —

B - EEROMIN N, MRpEmeL S EE
LT AIEHOE 2 v A2 ANFEL, Bt htso

L5es
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Fig. 1. LC/MS/MS of AFP, (4) TOF-MS full scan at m/z 700~
2000, (B) product ion scan at m/z 100-2000, (C) product
ion scan at m/z 204.
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Residue  Mass b b-NH3 ¥ y-NH3 |
v 9907 | 100.08  83.05  978.53 96150
N 11404 | 21412 197.09 37946 6243
F L4707 | J6LIS 34416 76541 74839
T 10105 | 462.23 44521 61835 60132
E 120.04 | 59128 57425 51730 500.27
1 113.08 | 70436 68733 38626 3I7LI3
Q 128.06 | 83242 81539 27517 25814
K 128.10 | 960.51 943.49 14711 130.09
MW, 31823
Peptide 977.5
CHO 12228
[Hex][HexNAc], [NeuAc],
peptide
9785095
1181.6243
162 162 162
203 | 203 R4
B D i 1547 92212709'30416871 8487
o | l; .J..L]......--..l... sodd ..7.'...|:...

800 1000 1200 1400 1600 1800

mfz

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

2000

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

indicited by bold face.
Table 1. Glycosylation analysis of AFP
Peak Peptide sequence (thaeoretical Betentign Observed m/z Carbohydrate composition Cﬁggﬁﬂe C:?b?;;ﬁe
No. peptide mass?) time (min) (charge) a
mass mass

1 KVNFTEIQKL (977.5) 23 1013.43(3) [dHex],[Hex]s[HexNAc],[NeuAc], 20778 2077.7
23 1519.67(2) [dHex],[Hex]s[HexNAc],MNeuAc), 2077.8 2077.7

23 1081.29(3) [dHex] [Hex]s[HexNAc][NeuAc); 22814 2280.8

23 1621.44(2) [dHex],{Hex]s[HexNAcl;[NeuAcl, 22814 22808

23 1446.62(2) [Hex);[HexNAc],[NeuAc], 19318 1931.7

23 1118.67(2) [Hex],[HexNAc]; 1275.9 12755

23 1264.05(2) [Hex],[HexNAcl;[NeuAc), 1566.6 1566.6

23 1110.48(3) [Hex],(HexNAc),[NeuAc), 1566.6 1566.6

24 1665.44(2) [dHex];[Hex];[HexNAc),[NeuAc), 2369.4 2368.8

24 1178.33(3) [dHex],[Hex];[HexNAc];[NeuAc], 2572.5 2571.9

24 1061.78(3) [Hex]s[HexNAcl,[NeuAc], 2222.9 22228

25 1592.17(2) [Hex];[HexNAc],[NeuAcl, 2222.9 22228

2 KFTKVNFTEIQKL (1353.7) 27 1236.04(3) [dHex];[Hex]s[HexNAc],[NeuAc], 2369.4 23688
27 1853.29(2) [dHex];[Hex];[HexNAc),[NeuAc), 2369.4 2368.8

27 1187.17(3) [Hex]s[HexNAc)[NeuAc), 2222.8 22228

28 1780.23(2) [Hex];[HexNAc],[NeuAcl, 22228 2222.8

28 1303.56(3) [dHex],[Hex]s[HexNAcl;[NeuAc], 2572.0 25719

28 1138.84(3) [dHex],[Hex]s[HexNAc] [NeuAc], 20778 20777

28 1206.52(3) [dHex},[Hex];[HexNAc);[NeuAc], 22809 2280.8

28 1090.14(3} [Hex][HexNAc],[NeuAc]y 1931.7 138317

28 1322.75(3) [HexI;[HexNAc][NeuvAc], 2629.6 2628.9

* Monoisotopic mass value,

BRECEHb>TWELEELLATVWES Lo, #
BfEs v 7 BThaZ s, BUNEET, i
BRONEORT, S 0EF v A HopgilsrEs
NIRRTV, FrArEREYOSHrHLAER
tkih & LC/MS/MS #ERT 5 Lin X » T, T hb DO
MBI TED MG R 3. Ui GPI AN LT

RESET D GPI 7 v A —Blx v iy BOWESET ST - 1z

FlTHo.

7 » b BEOBEES 5 6, Phosphatidylinositol-specific
phospholipase C (PIPLC) #{biz X » T b h ="t GPI
Furvah—Bav ARy, BLArEere7 i ViFn
{b#, SDS-PAGE To#L*: (Fig.3). &%, +¥1LAHOx
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vRAZERER, YARYeF 7T —HiEeE HEIhe
_XTFVOLERCTHA TS0, IESGERT 2T
S5EE, TNTOESTF FiTA+ERE DRR CHEIRT
SBENRDD. T, I iR vy g -
Y7 v EET S FERRAR.

Fig.d (A) &, Sv F1EYDEL, 1%SDS AT 2
A FiarE, b Y 7o v iEERTY, LOMSMS 545
BT bDTHB, £, F—2R—ARECHER,
Y F 1, Thy-1 ERES i, Thy-li, REF 7Y v
A=R—T r IV —ZETECPL 7 v —Ha v iy T
B, 3EAON- FEEEESF AL (Asn23, 74, 98) %
BTH7 I 7BELEKIN oL v 2211 CH 5 (Fig. 5).

Wiz, AFP & RRIC, m/z204 245 LT, £ 7+
DFaF7 b A XY AR bAOFLE, tFF DS
af b AA AR b ARBRIRPERD LA (Fig 4
O). FhEDTaXr b AF A2 VARTS Y —
A4y OTOF-MS 26, TLRU T2 KBEHEI A B~
FFEER, ThIhE~vv ., —ABBEHEI ES Lz Asn23
EELrfE~ 79 ¥, His21-Phe33, R His21-Arg37 Th 0,
TIRU TS, HEHRUEREENIES LA AsnTd %
EUH~ 77, Val6d-Lys78 ThH 5 = L 5% - 72 (Table 2).
Fig.6 13, T3 CEH AR T 5 FD 55, m/z 15322+
PRTHERTF PO T oL b A v A2V ATHS. B
SFREMz, AFP THHE &l A+, miz 168, 186, 204,
366 Iminx, m/z528 ([Hex),[HexNAc)]*), m/z 569 ([Hex)
[HexNAcl,*) %, m/z 512 ([Hex][HexNAclfdHex])*) %o B

(kDa)

250—
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Fig. 3. SDS-PAGE of lipid-free GPl-anchored protein prepared
from rat brain.
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Fig. 4. LCMS/MS of rat brain Thy-1, (A} TOF-MS full scan at
m/z 700-2000, (B) product ion scan at m/z 1002000, (C)
Product ion scan at m/z 204,

AAvHAEHEIh TR Y, Gall-3(4)Fucl-4(3))-GlcNAc #f
EEXEUIEAREIRD. BYFHEAKE, _7FFR
BETLA 4> m/z11076) L b By A+ v INEH X h,
VLTLANFTTK & RZE S iz (Fig. 6 &), ¥z, =7
F FiZ HexNAc, HexNAc-HexNAc, HexNAc-HexNAc-Hex
BEGLILAF v HABHEERTWBM, 26K, Thbic
dHex N1 G FRE LM+ viaHIhTwWB I Ehb,
EEEHO a7 7ava{bEh T3 I &4y
5. HEWEHT, TOFMS CHLHME7F FOSTE
(30624 Da) b, 7+ VOBEESFE (11066 Da) 2=
LI T &I B hieE#s T (1973.7Da) 25,
Fig 6 PICTFT L O METH L LTSRS, Table2 i3,
MR LS R, Thy-l wEA T bHEEI Mol
HiETH L.

30

QRVISLTACL VNQNLRLDCR HENNTNLPIQ HEFSLTREKK KHVLSGTLGY
. - 100

PEHTYRSRVN LFSDRFIKVL TLANFTTKDE GDYMCELRVS GONPTSSNKT

INVIRDKLVK C
GPI-anchor

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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Carbohydrate
B ions
I ™
Ha.0847 Residue  Mass b b-NH3 y y-NH3
V9907 | 10008 8305 110764 109061
L 113.08 21316 19613 100857 95155
400 T 10105 342 29718 §95.49 87846
L 11308 42729 41026 79444 TTT4L
3 A T1.04 49833 48130 ¢BE36 66433
N 114.04 61137 59535 61032 59329
300 366.1383 F 147,07 759.44 74241 49628 47925
o T 101.05 860.4% B4346 34921 33218
& 168.0536 T 10105| 96154 94451 24806 23113
;‘ K 128.10 | 1089.63 1072.60 14711 130.09
£ 2001, 1] Peptide M.W. 30624
e 1107.6438 Peptide  1106.6
CHO 19737
l203 > '203 » '162' [dHex],[Hex] [HexNAcl,
" §28.2030 146 146
160 Fuc Fuc
69.2 1310.7316 GlcNAc-4 Gal-GleNAcMan-y | o Nac-GlcNA
GleNAc-Man-
512.1909 1567250 1513.7896
0 ..lj_hl;l lIl i JII Iulh Ls . L l‘l , i i . !-675-794.0. N .
200 400 600 800 1000 1200 1490 1600 1800 2000
miz
Fig. 6. Product ion spectrum of a glycopeptide (m/z 1532.22*) at peak 29.5 min. Inset table shows theoretical m/z values of
b and y ions, and ions detected by MS/MS are indicated by bold face.
Table 2. Glycosylation analysis of rat brainThy-1
Peptide sequence . . Calculated  Theoretical
P;sak (theoretical peptide Glycos_ylatlon Retent:9n Observed m/z Carbohydrate composition carbohydrate carbohydrate
o. a site time (min)  (charge) 2
mass?) mass mass
T1 H21-F33(1591.73) N23 23.9 991.1(3) [Hex]s(HexNAc], 1396.6 13%6.5
239 1486.2(2) [Hex]s[HexNAc), 1396.6 1396.5
23.9 1045.1(3) [Hex],[HexNAc], 1558.7 1558.5
24.0 1567.2(2) [Hex),[HexNAc], 1558.6 1558.5
24.0 937.1(3) [Hex][HexNAc], 1234.5 1234.4
24.0 1405.1(2) [Hex]s[HexNAc], 1234.5 12344
T2 H21-R37 (2043.99) N23 25.5 1197.6(3) [Hex],[HexNAc], 1558.6 1558.5
25.6 1143.5(3) [Hex]g[HexNAc), 1396.6 1396.5
25.6 857.9(4) [Hexl;[HexNAc], 1396.6 1396.5
25.7 1089.5(3) [Hex][HexNAc], 1234.5 1234.4
259 217.4(4) [Hex);{HexNAc], 12346 1234.4
259 1633.8(2) [Hex);[HexNAc], 12345 12344
T3 V69-K78 (1106.62) N74 28.5 1686.3(2) [dHex};[Hexl[HexNAc), 2282.0 22819
29.6 1124.5(3) {dHex);[Hex];[HexNAc]s' 2282.0 2281.9
29.6 1532.2(2) [dHex),[Hex],[HexNAc]; 1873.9 1973.7
2956 1021.8(3) [dHex],{Hex],[HexNAc]s 19739 1973.7
29.7 1162.6(2) [Hex][HexNAc), 1234.5 1234.4
29.7 1491.2(2) [dHex],[Hex]s[HexNAcl, 1891.8 1891.7
29.7 1592.8(2) [dHex],[Hex][HexNAc], 2094.9 2094.8
29.8 1378.2(2) [dHex],[Hex];[HexNAc)s 1665.7 1665.6
29.9 919.1(3) [dHex],[Hex],[HexNAc]g 1665.7 1665.6
29.8 1438.7(2) [dHex],[Hex};[HexNAc],. 1786.8 1786.7
30.3 959.5(3) [dHex],{Hex};[HexNAc], 1786.8 1786.7
20.9 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)s[HexNAc], 1948.8 1948.7
30.0 1572.2(2) [dHex],[Hex];[HexNAc], 2053.9 2053.7
30.1 1499.2(2) [dHex] [Hex];{HexNAc]; 1907.8 1507.7
. 302 1276.6(2) [dHex};[Hex];iHexNAc), 1462.6 1462.5
30.2 1337.2(2) [dHex],[Hex]{HexNAc]; 1583.7 1583.6
317 1860.4(2) [dHex],[Hex]s(HexNAc]s[NeuAc]; 2630.1 2630.0
31.7 1240.6(3) [dHex],[Hex].[HexNAc][NeuAc]; 2630.1 2630.0
319 1706.3(2) {dHex];[Hex] [HexNAc][NeuAc], 23219 2321.9
T4 V69-K78 (1106.62) N74 32.1 1563.7(2) [dHex];(Hex]s[HexNAc];(NeuAc], 2036.8 2036.7
321 1482.7(2) {dHex),[Hex];[HexNAc],[NeuAc]; 1874.7 1874.7
321 1584.2(2) [dHex] [Hex]s[HexNAc],[NenAc, 2077.8 2077.8

# Monoisotopic mass value.
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