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Abstract: Abnormal glycosylation can significantly affect the
intrinsic functions (i.e., stability and solubility) of proteins and
the extrinsic protein interactions with other biomolecules. For
example, recombinant glycoprotein therapeutics needs proper
glycosylation for optimal drug efficacy. Therefore, there has
been a strong demand for rapid, sensitive and high-through-
put glycomics tools for real-time monitoring and fast valida-
tion of the biotherapeutics glycosylation. Although liquid
chromatography tandem mass spectrometry (LC-MS/MS) is
one of the most powerful tools for the characterization of gly-
can structures, it is generally time consuming and requires
highly skilled personnel to collect the data and analyze the
results. Recently, as an alternative method, matrix-assisted
laser desorption/ionization time-of-flight mass spectrometry
(MALDI-MS), which is a fast, robust and easy-to-use instru-
mentation, has been used for quantitative glycomics with var-
ious chemical derivatization techniques. In this review, we
highlight the recent advances in MALDI-MS based quantita-
tive glycan analysis according to the chemical derivatization
strategies. Moreover, we address the application of MALDI-
MS for high-throughput glycan analysis in many fields of
clinical and biochemical engineering.
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1. INTRODUCTION
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| 729] Qb4 A9} A T-Ehal AT, HE-H 2 7he)
Q14 34 Sol 27 Fol 2 Tk [2.5] whebA, gkl
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Ay 5 AT ¢ ols oy ek delER
Fo] iAol Lt A0 A HH A v A
2hA, 22| A Hho] @ ofofo] ZhA| 1L
A maatoate] vng Fo Az

k< re

ﬂﬁﬁﬁmm“
_u

o_|>: q/;\ for v o]-m _13:

O
Of

3o
==

—
o
[O%}
~
'—‘0

N
~

‘0,
ﬂﬁm

r
ofN w2 rlo

%%m
2
oH o 2 o (M

rir
ofl
£
w10

oo ?;9
ofl

L

=
1o o ¥
10, oX -



231

G S=TFAE (eg., At
&, &5=)of uhet “H—r Zj B
) At Aol A o & 3
SJopgo] P4 27} 22144 vol &
L gae g L ARHOE G849, B
% oA yol 4 o] Ale] B4o] 27 gebd 4 glon] A
A48 3 5 of e AeshA BAIZ oF] & 4 9lth 3L
webd ol Az geruly ofokEo] ARARA 49l
2 w7] SlaAE BolE T A A oR 0e XY
S |opEo] g TR ubnt ) wal A3k WA A
_,_. Qo}op a‘]—l:]— E?)‘]— xH}_;jl- %1—1‘:_]—11 Fé_! Q,IOkJ-,,] pds /\H/K]—

oM MERsH] Fafo zrudS dAgte R n& R

UE R & 3le 7ee @Al i a2 os &84
T AL Aot 7]£9 High (Ultra)-Performance Liquid
Chromatography-Tandem Mass Spectrometry (LC-MS/MS) 7|
we] ) B e kel AAIS A W A AnkE
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H 7]eA7E QW A ZEA| 2 glof W ARto] &
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LC-MS/MSE o|-gsto] G4l o] AAIZF ByE e 9 iz
2 F AlE =42 AAkel J&3t710ll= ol ol v 22
ol £AEES A5t il A= FuHlap ol ISt
o deko] A RS W2 A7 ylo] A2ja 4 gla 3 ujeo]
ANBR2E 7= BA% 4~ 9] = matrix assisted laser des-
orption/ionization time-of-flight mass spectrometry (MALDI-
MS) 71uke] g4 444 9 A 24 71eo] FEs] A E L
Qlth (Table 1) [13,23,24]. & Z4 o) 4= MALDI-MS 7]H4t9]
_'§_jv_]-?§'<?_]_ %]-}H X‘]FJ: HA—] H]—@‘L}—xﬂxzﬂ—t} 2] ‘/]Ol: 4 T}
54 e oA, 28T WY AR I GAARY 2

1145 o &-F (high-throughput) T4 24 A28 o tfsf 7]
5} 312} gt} (Table 2).

2. MALDI-MS 7|9te] B4 3 &4 8

2.1. B3] 9] permethylation 7] & @ MALDI-MS 7]vt 9
4 3F &4

A7) 716k S EA oM Faf of shehA F=A s}
(chemical derivatization) 2] o 3 % Q] HltH © & permethylation
o] qltt. T4 9] permethylation F4 2] 2H7] 5 F4& U
Bt = sho] =54 7](-OH), °oFR1 7] (-NH), 7F=25-4 7| (-COOH)
AN aftite WE7|(-CH)Z 2| 8sto] Gaj7F Hof 4

Table 1. Various chemical derivatization methods for MALDI-MS analysis

Chemical Derivatization method

Chemical name Reference

Permethlyation

Methyl iodide (CH;I) [4, 10, 12, 14, 16, 24]

Permanent

Positive ch
charge labeling ositive charge

Girard reagent T (GT)
Girard reagent P (GP)

[9, 11, 19]
[17]

(7-azabenzotriazol-1-yloxy) tripyrrolidinophosphonium

Methyl amidation hexafluorophosphate (PyAOP)+Methylamine [21, 23]
Neutralization Aminopyridine [27, 32]
of sialic acid Amidation 2-(2-pyridilamino) ethylamine (PAEA) [6]
Acetohydrazide (Ah) [35], [8]
Methy] esterification CH;l [11]
CD;l, CH;l [15]

Isotopic labeling

2[C,]-aniline,
2[C4]-2-AA, P[Cgl-2-AA

"2CH,l, BCH;I (1]
[41]

[18, 29, 34, 44]

[Cq]-aniline

Table 2. Comparison with LC-MS/MS and MALDI-MS analysis

LC-MS/MS

MALDI-TOF MS

AT e Fold
Tandem mass spectrometry 5-41-2- %3

A 2Rl 7k (WEA i EA)
Liquid chromatography®] 1153522 213 o] A& A
40| 7ks
EAA7ro] Ho] 40
- 4 9 A Ao glojA AEAQ 7wo] Dag
%
U AR Y salts® Q1S NP =T Hold &= 9l

B4 A ARLE 2 gol T 5 g

AIZro] u¢- ot g AR Bl fel5t
ol 7|& glo|x A& FH| 4 BAo] go|gt

| A= W Asalts)el] disf Wide 714

NE AZA 2R BFEHOR Q3] B B E W
Matrix®] G302 A%A 22 40| ATHA
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e gA sto] AFEA A W EE A 2ol a3t

53], o] W2 g4 o] HjghYd T (non-reducing
end)ol] = Al LA (sialic acid) 9] 7F2 5475 543 §He
24 tE 54 ZHE2 @A positive modeo] A 5Alof &
A 4= QIA SHEH10]. A ol AR E AL Qs ZRESS
HAE )8}9] Costello L&) 4] 7]¥kst 5 o]t} Costello
1594+ sodium hydroxide powderE 21 DMSO-8-< of|
methyl iodideS g ¢ liquid phase & €} 2] YHFA Q1 permethy-
lation® -2 A HSIA T} [4]. FA 4, liquid phase permethy-
lation®} 7 Qe 4] HHG TS Q1 ekt 4o} 71
AYES oF71A17]= A7 LTk [4,14,43].

)=y QI offuf T3] Novotny “LEof A= o] &F -2 Al
AL Ao A FARS 9FR| 8 A} microscaleo] Al sodium
hydroxide beadsE A}-2-3}+= solid phase permethylation ¥
2 A|otstSt [14] (Fig. 1). Spin column®] Zj-2 sodium hyd-
roxide beads®] 91} spin columng E1}5l= Al 72 Sl4 4
methyl iodide/dimethylsulfoxide} water/dimethylsulfoxide2]
H &g 2[4 3}sto] B2 Whg-A| 7k &= &+-51aL liquid phase
permethylation¥} 2+-2 8 8/ 214 5} qlck [16]. o] & 53l
/33 A LA = AR @Al 24 Eoleal AAA
ol T AE WHEst dEHE anrh A E3L
MALDI-MS #4-& 53l 4-2 G4 ZEu}o] HPLCE ©]
&3 B A @ e AR BG5S Hile
HPLCo| A= HE0] B A g v 250 G4 e A4 o
= Aol 7H55to] 0] MALDI-MS 7|9He] ohraf g A+
of 2= &8 %A = ek [14,16,24]. HA G, o]l AR5 =
sodium hydroxide beadst= 23| 44-& 7} X 1L ¢17] W&ol A&

o [

=3

NaOH beads

Solid-phase

permethylation

3ol gloiA] Bek AT Rt R E ] SUE /&S
A3 QA gk AL A AT 59 AR G per-
methylation®] ¥[34 o] 01 2] gf= 4|7 HAYFICE.

22. NEA B9 AT 24 S AT A g4 AEy F
38 7le

2|, MALDI-MSS &3 G4 AaF 42 s AA] 34
7F obd AJFARES] Al A F4d3t 7w 2 A A4 7HE
EA7] opn| =3} 714 [6,8,27,32,35], Wl E ofn| =8} 7] [21,
254410 w Do 2 ¥] 3} 7] & [11] 5o = )1t 20099 o
H 7]elAE tf8t9] Shin-ichi Endo W~ o182 2-(2-pyri-
dilamino)ethylamine (PAEA)E |83 A| &AL T2 o] =415}
Zle< AldsAY [6] (Fig 2a). A|gARe] 7H254d7]7}
PAEA9] o717 9} whi} ofn] =5t & HA] Al L AbihE A e 2]
o2 FASINT = 7R AL E 2 = (sialyllactose) 2}t
7428 LA = (ganglioside)o]| o] & A -&3}9] positive modeo]|
A MALDI-MS 241 & =35 Qich. 4| 7} &1eh4) f =43t
57] Ao [M+Na]', [MHK]', [M-H+2Na]" 59| &2 &
& Frlol 5o A¢H FH = FATF = UAIT, PAEAR
S}eHA] F=A 87t E ol = [M+Na] 7F -4 5HA F7Ftell
w2} 7FASHE MALDI spectrum2 €& <= 1 1T} PAEA 9]
Qo] A|dAE XSS Y3 acetohydrazide (Ah) [8,35]2} me-
thylamine, (7-azabenzotriazol-1-yloxy) tripyrrolidinophospho-
nium hexafluorophosphate (PyAOP)7} AF&-E| 1t} [21,25] (Fig.
2b). AhE ©]-&3t A|U4H] FAd 3= oFAH 27 Stol A o]
o] 2w AhQ] o} Rl 7| &} A|Q4E] 72 EA 7] 7} gk ofw
T3t HHA Aol 5443817t o] Foi %It} Kameyama “1

N-glycan sample
injection

|

Fig. 1. A schematic design of solid-phase permethylation and the derivatized N-glycan structure by the solid-phase permethylation.



MALDI-MS 7|dt & Chel E 2

'E
L]
u
E
()l
Al
1z
N
>
=\'.=
r_ﬁ
-LJ
oEE

233

| AN
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a) PAPE
b) Methylamine

o PyAOP

. o HO  OH
sialic acid cla /
0 My o OH
d) Methylesterification

oA AhE B o AldAt 27 l 73@*1?4%EEM1 a

2,6 9 02,3 A% A LA %‘“JH% < /4%FA|# MALDI-
MSE HAT 4= 9= B L sjl o}oﬂl‘/} [35]. ©]& bovine

fetuln Fafoll 2183t Al ?a“& | WA A ek /8= A
2913} % S 1 positive mode2] MALDI-MSZ X514

EH ’\i 2 ZAgET UEE| A%H T4 (M+Na])7} 5
A5 7HA17F ek A4S B asharh. o] 5yl Hetist o
8} Van Cott 2L A ZLFo A= Bafj ol 2R 8h= Al gk
2 S A3 71 A3 S Ao T2 9] 29l W (reducing
end)& 2-aminobenzoic acid (2-AA)Z 3134 ST 2| SHA A
negative modeo| /] MALDI-MS& A& B X428 £335}¢ct
[8] (Fig. 2¢). Human IgG2} recombinant human blood coagu-
lation Factor IX (tg-FIX)Q] T4 B4 9] o] 7| &S A-&35}%
1! negative modeo]| A [M-H]9] T2 o]&rto] A=
MALDI spectras 92 4= AT E3F 29 FA435E 9
3 3}5HA 5= A 31E 96-well microfilter plateA)ol| A 43§}
1 0|2 MALDI-MS 7|80 2 Aek 5] 310 & 4] %714 tf
8% 4 A 712 S8 TS ABH O Hel
Fom, A ditof qlojx = HPLCE o] &3 F4f &4

Avtol FAg T A4S B L AF AT,

QoA 27Tk Al S48t 7w e Soll A A 4
MALDI = 2 1} ¢-8- positive = negative mode©]| 4] TFH o]

Q] 71 AF S0, o] 03] T4 P27 (complex-
hybrid- and high mannose type) ©] 23} 2}o] W &zha] <&
F7to] 250l &3 MALDI-MSE o] 83t F4ff 4ol 0131
ol ot it ol2} 2+:& A1 S |53 MALDI-MS
Ao A o] R (sensitivity)e S7FAI717] f1ske], Al
APR7)1E YA 02 A 7] = Ve gAY e T
W= G4 HHE A= e 22 A AN = TE
< ¢ slo] S MALDI-MSHIC 25 A A 9l A2k B

% 9l 71%0] 274 gk

23. 974 A% K EAL UL $U T4 4T 2Y
9] 89l weto] 7 FABE 2 Fe B9 =
2 2 S B AT G4 R} 012 FHS o
A7 ik ohjef, wE o] o) 2.3k AL FASAA
G4 AE9 WEEE 2 £ 5 Uk ALhetE 9]
W LF WA AGATO] G S T B Tkl
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a) GT
HO
/ 0
FrN</<
N-acetylglucosamine b) GP

Fig. 3. Chemical derivatization of N-glycan residue (N-acetylglucosamine) using a) Girard's reagent T (GT) and b) Girard's reagent P (GP).

Girard's Reagent T (GT, carboxymethyl trimethylammonium
hydrazide) = ko] G427k 972 PSS B4 81 o]
£ positive mode MALDI-MSE- 0|83} A & AT
A 3H T [9] (Fig. 3a). of I ol A 742121 HAIEA (e,
solid-phase extractions) §1©] = MALDI-MS= &4 o] 7}53}
%21, MALDI spectrumof| A= &< 57} 0] peak glo] 1l
H=7F 108 o] S7bsk= A& gelsk At =3 MALDI-
MS peake] 0| o] g3k A Aol glojA] g o
we 59 Us REEs} G ng v 4o 4RE 9
S A Fafubeh A AR Al A 7EA] isotopic peak ] i o]
£ st Ashe Ae A= Adtstit. shAjnt, o] ¢
T Aol le 4 Baf ol A&7t o A4

o] Yo BAL AL R LA EHB 7]
o] RIFYLE. 0% L& AFLEAN F £R| £ A
E] WAA|EZ (CHO cell, Chinese Hamster Ovary Cell) 2 5-E
W) A e ojobEe] AEEY 542 T
3}7] 98] AlotAt Thaj 7} E3HE N-glycans MALDI-MSE
o]-gsto] Ak &2 shlek [11] (Fig. 2d, 3a). 7 F7-] Al
EZ (CHO-1 cell, CHO-2 cell)of| A 91 thehul 2] ojofiz o]
2 E mild methyl esterificationg ©]- &35} A4 afat
= Aezo g 243171 &, Girard's reagent T2 & 2] oF
Mok e w2 § = |3} 51T CHO-1 cellof 4] 2] Aok
AL 9] v &2 22.5%E YEF o] 5.2%= £21%E CHO-2
cello] M 9] AL 4] vl & et 8- Selalsit. o]

To=a

2. Protein denaturation

(agents: temp, pH, ionic strength etc.)

e&@&'

-

1. Sialic acid neutralization

Acetohydrazide
o u m
oH L

no\/'n\won 9
~

OH HO
terminal NeuSAc

Acetohydrazide

At A

3. N-glycan cleavage
in 10 kDa filter tube/plate

MALDI-MS-based quantitative

targeted glycomics
(MALDI-QTaG)

5. MALDI-MS based N-glycan
quantitation

™|

&

Relative intensity %)

o

w2’

L 10 kDa centrifugal / 96-well plate

4. Chemical derivatization
at reducing end

.
OW\
/ [e]

Girard's reagent P (GP)

Fig. 4. A simple workflow of MALDI-MS-based quantitative targeted glycomics (MALDI-QTaG).



MALDI-MS 7|5t SHEHIE Shafo) Fate M 714 WY 817 58

o= 71sS NS (Fig. 4). =0 HA| 24 glo]
T GP2}o) Bh-g- - vt 2 MALDI-MSE 2413 4= Q7] wf &
of w2 E4 o] 7hsskgl o, o] Ao GTE o] &3k Wizt
H] 1 5ke] B} 414514 MALDI plate %ol A 24 A&7} 4
Z 9 At 2 stE o] B4 AHS AAIT] EHAAE
2= 9131t} Normal cord blood2} human hepatocellular carcin-
oma (HCC) cellof| A @& A 7] a-fetoproteing =53} T4
£ v A B30 2 5 HCC cellof| A core-fucosylation @]
AFe) ) gekgro] A7) $7hHe Woi9lch o]t MALDI-

a) CH31/CD3lI

O

Y QCH3

CH,l

MS 7] 3ke] 4 Ao 4 7] 4o] Al ek 9 Y
3} upo] & 9|oFE A2 B7H 7|42 3§ H5HE
A5l [17].

2.4. Stable isotopic labeling2 2§ G| At A% 24
T4 Y4 73X (stable isotopic labeling)S ©]-&-35F T4 2] A
o) ke AT 57 AW S 23 i BA Alme] BA,
= oA gehig ofoREat vio]l . Al 9 554
Al 24 FolA - agH o8 §§o| 7hssitt t 4
© 2 isotopical permethylation[1,15]2} 3}8+4] G- &= A 315 7|
Hk o 2 3} reductive amination©] ¢Jt}. 20073 ¢lt] oL} 2
o 5Fe] Novotny 4+ 9178 A4kl Wokal uref 8%}
ol o 2 HE] U2 N-glycand Z+Z} isotopic iodomethane
(CHiI, CD;I) 2. 2 permethylation A 7| 1 54 F-& 4o & 3,
°|& MALDI-MS= Jtf A& #46h= 7|e< 7gskalh

D,/

H,CO

“0CDy ““m

CD;,

Heavy aniline

13
13C/ ‘13C
Il |
13, 13,
C e ZCH
o |
NH

Fig. 5. Stable isotopic labeling methods using a) isotopic methyl iodide (CH;I/CD;l), b) aniline (light aniline/heavy aniline) and c) 2-AA

(light 2-AA/heavy 2-AA).
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[15] (Fig. Sa). 78712} -1 SR} Atofof| Fafj o] Aeh 4
34 9 A7k 2fol & A4 Hlagto ma) A o) oA X1
G andor nYEY T 4 Q= 7R &80l 7ts
e Hoj3qlnh shARE, Fafjo A 8}= hydroxyl group,
amine groupsy} carboxyl groupso] =49 7|47} th=27] o
ol g4 &f F-20f| whet isotopic permethylationof] o] g A&
Zpol 7} DA A ghof thr o] G 25 e AlEE 1Y
& A= HlaLo]| QlojAf w9~ A+ MALDI spectrume: ¢
A Eof A0 of 2 Eo] Ut

Z|<* isotopic reagentsE ©]-8-5}o] T4 o] ghl Tk
EASAA AR GE AR RRE A& G4 Ato]o] =T
H7F A5 A 2fo] & ZH e & )= reductive amination
wo] ZfaE] 9lct [18,29,34,41,44]. 20093 o] 1)<+ Emory T
519 Cummings 4> A2 A gFo] 6Da 20| 7} U= P[Col-
anilineZ} “[Cy]-anilines o] -§-5F T4 ©] 34812 {5 w43}

o] stel Q17 4] Aol M ER N PGS 47
FEA A A EeE & MALDI-MS= A& #4543}
STt [41] (Fig. 5b). o]+ 7]1£ 9] isotopic deuterium 2| 2} B4
R} =& resolutiony} 717+ (sub-picomole levels)E 2 S
ok ohe, % A 2E 4H 4014 MALDLMSE 4.8
T Qlol A & th=9f G4 peakS1tol A &2 WelE 5

A grot EA o] goltt Z2ut S A& 4= AT 2010 ]
SFAIAFS] Cockrill Z1E-& AF2-317} H B[C4]-2-aminobenzoic
acid (®[Cs]-2-AA)2} "*[C,]-2-aminobenzoic acid ('*[Cg]-2-AA)
£ o] g-5}o] TEH A uhol o of ok o] Tk ATl o] 2
851317} 5190} 29] (Fig. 50). £31, 0] 7] 60l M= g4 A
A& A A3} 714 SR EFS =Yt FAlo0 9 iso-
topic labeled A|HE 1402 AA|O 24 HAA2 S
ZFASIA 713 A EA4 A ZEE D74 02 TS AIF T ©]
£ S0l ESI-MS/MS"S o] 85t 4| -5 £4J 0] ofn] &
=5 g uho] o 0]okE 0] 7> MALDI-MS #A4]Whe.
2 2 dAg Hio| @ oJoFE o] F54d H7F 9 A
& ZYHE o] 7hs s B F it 2014W of shH = o3
t3he] Lee 4= AFH-2 P[Col-2-AAL} P[Cl-2-AAE ©]&
oF G4y ekl T A Sket oA Al AR 27 &f mE of
0| =345 F Aol A-&-5ko] A|UAE TS 2R = Ngly-
can®| Al g A4S Y sH3UTh [44] (Fig. 2b, Sc). HA]
human IgGZF-E ¥-2 N-glycan isotopic 2-AAZ Z+Z} 5}
A FEASAR F, wjHoln| 23k Faf AlGA G AE
SRS Z T 3L, urine <5 A5k G o HF wE o]
of I} A Y Ato] o] WskE RUHF 3k Axh, A F4 =9
A A HATE 5% ol ol Sle2 gl sl

2T AT P&t 2y AFEHo A= B4 e T
o] T U A AU ST 7S FAlof A&t
MALDI-MS 7|4t o2 43k B4 5 (Stable isotopic label-
ing-based quantitative targeted glycomics (i-QTaG))& 47} 35}
At (Fig. 2¢, 5¢). WA Ah= A| A 544317} o] £o1 %] E ol
Gt Al &S 247} isotopic 2-AAR = A k5 - ohofet
B H]8 (Y[C]2-AA: P[Cg]-2-AA=1:1, 1:2, 1:5)& 4] T MALDI-

K
ol

MS= FAsko] At A A Fgho] o] 24 Erle} YT
wojEo M 7140 YepS IZsket 12 o Lo}
b AR o BAek Baralel Bol & HA $AE FA
H| 3w AgF B4 319t} Fucose?} EA|5k= 4| (w/o sialic
aicd)] 4oh 4 akgrol WAl oF Shol A Faliz A,
5] sialyl Lewis type 40] Ao 2] A2 gro] vk 82% 7+
25he 2 BISHIIEE QTG 7] 42 who] & SjorEml
ohlel 5 AL AXZHO R WU E T 5 9 oA
A9 712 A8 ¢ A Ao 2 AARHTH[18].

2.5. MALDI-MS$} high-throughput platform 7]9t¢]
& 24 A2

96-well plate F2HE O = Faff BA41S A5 A =3k F= &2
32 E tj5to] Rudd 715 (A4 NIBRT) g4 o] 25 ¢ 2-
AB labeling7} A 9] A 28] 7742 96-well plateol| A 43§t
T U ZEAAE NIste] G4 4 S 2 2 o]
W= 874 o= Azt [30]. Feb A o M, 4 5
= 9 A}, A A 7HA] 96-well plate /ol A T 7 Al
25 WE ATE okl FAlo] A2 e 4= Sl 55 W 9
Al A0 QLE|= A AR Aol QlofA] mlEF (S mL)
o glvto v g TrutYdg o] 7hsek Al A" T
31t} Rudd 1E 9 A+ ©]& glucose unit 7]¥H2] HPLCE
o] &3t Faff FA o] g5kl om, 2| o] 212t 96-well plate
EE-3 MALDI-MSof| 28510} G4 o] 4 /d 9 A 4]
off &-8-3t Abef| S o] KLl g}

20099 AEistw 797 24 A3 158 PVDF memb-
rane 96-well plate AFof| A porous graphite carbon solid-phase
extraction (PGC-SPE)¥} GT -F-=A|3}& AF&-51o] WA 3
Aol BAelel seumll A 5 SAS A RAjshect
[19]. 7L A3 A 9F $HR}9] serumof| A S35t T4 o] A core-
fucosylated®l G471 FAwct F7Rche 7|1E A5
U5 AT 2912 Bk o] 2} 96-well plateZ A-83}o]
MALDI-MS #4712 o] A|2.9] A7/2] 7)7+& 29 o2
BEA 700 BE o] ol AIROIE 483 4 9lrhe A
< gls}4 T} 0] o] 4] PVDF membrane 96-well plate 4F-ofl A
solid-phase permethylatione 2|3 4=3)3}0] o] = AP ¢+
2219] serum FHE EA 5= A&kt [12] (Fig. 1).
PGC-SPEE E31 T2 A A 74 4 solid-phase permethyla-
tion7}2] o] I o] 1A17F o] = 75313l . 2|t} 9672
A&7} F Aol A28 & it} 18] 3 permethylationS E31 A
it G o] FASHE Sl vl WA (picomole level)
A N-glycan®] /8 % A &4 o] MALDI-MSE 5-3ff 7}
R

3. CONCLUSION

ookl 2] o] o =kl 2] 1) A @] 7] (intrinsic function) 2.
2 72 o4 933 12 F4S 9% AT (folding)o]
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Qo] A Wl = Q3 S i}, T3l o] Thul A @] 7 o] sialic acid modification and matrix assisted laser desorption ioniza-

75 (extr1ns1c function) & 2 A= A|E-AEZ7F E= A x-g
chal 2 7Eo] Aghol| Qloj A 2| 2ol A A1 Ao QA it 4
SAR NSO IS st o Z R F£oHA o 2= A Uo
A dofubA| B = hofet A=A 9 HoshA vkg-Eof
of 5} F et wheba] A 2o g ook o] @2 A Bt
o2 9|t B54 Aol ol A THafe] B4 8 4 2
A An7h vl F a3t FrF e aw AL Yok B ‘iﬂé‘
olobEe] 5)7kE 91t BAjo] 9lol Al 7129 ESkM
MS [28,36,38] T+ exoglycosidase digestion [20,42]- %EH
Ho}h RPA| S F4 9] GE% (i.e., monosaccharide sequence, a/b
linkage) 2 g Agr B o] JJ/\;H o]x]u]— o] MAL LA = 2
Z e E 93l | B A o 9l o] A= MALDI-MS 7|4kl %
15 e A B4 7)) o AT o2 B8 4 918

9190 B 49 43 BAo] Wa
of o] A= 96-well plate 7]519] of]-&-5F
R R R
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