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(57) Abstract: The present invention relates to a method cap-
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for O-glycan separation of the present invention can be et-
fectively used for O-glycan analysis in various glycoproteins.
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g A A]

W o] WY Aol | % H 9l 022 Bl
7l =& ok

Vo 2 | = a8 S o] 8810 N-© 3l oF O-F 3 7F F Al ol EAl 8=
Ao A O-FHvkS ez o g 2w s S 9l ubio) 3k
Zloltt,
vl A 7 =

23 H(Glycosylation)= T H o] 7158 AA st T3 S AZA, A4
o) vl §- S A Hh-g-Ehe] ) & A E5HA Wl gle uhe) Q17e] o )
i) it

o Wt} o) el § Mahi Pk oh e} thk @ Aol vl @ 4
uo] Qw241 o] o g 5] W) QA H ol AE A Qo) A
(@)

H
=]

Fs ZUE E S A= ol B A = o] wj-¢- T 25ttt
F3(Glycan)©= A N-F3 ¢} 0-F = o I Tl A N-FHll =
o} 23} 2} 7] (asparagine)ol] A 3= o] a1 271 2] GluNAc(N-AcetytGlucosamine) 3}

371 €] ¥k 2(Mannose)® ©] 703l Fo] & 74T} o] e]$F Foj & V| F o R
A 25 P43kl 931, PNGase FEF= N-F 4wk Al 4 o2 Fa)sh
Qi Bl 8 vk EAlste] ofn] chekd A olu} ehe] uho] ©ub7 ¢l
wol o] &5 a1 vt Rt = O-% 3 &= Al ¥ (serine) ]} E 2| 2. (threonine)ll
23] gom N-gashiz thaal 117 obd 8719] mel 2 b 0w
2ol ojel o] Stk 6| & Ho, mo] 3,5,6, 70 L& A5 Az ThE Fxel
o] o] A 7k A ghol A2 A 5] W] MS ¥4 0.2tz o] 5 o] ;o2
Tk A G ek 4] 9

A3 #AHH O-F 4 72 QH- A 32 (Ocular Rosacea)©l| 4] &Hito] A3k ¥
O-3 37} 5718k (S. Ozcan et al., Characterization of novel O-glycans isolated
from tear and saliva of ocular rosacea patients. Journal of proteome research 12, 1090
(Mar 1, 2013).), A1°4-%F (Renal cel carcinoma)©l] 4= MUC1 & o] 718}l (Y.
Gao et al., O-glycan profiling of serum glycan for potential renal cancer biomarkers.
Science China. Life sciences 56, 739 (Aug, 2013).), ¥ ¢Fell A = MUC63}
MUCSAC7} ¥ 8} ¢} (Kazuo Shiratsu et al., Loss of gastric gland mucin-specific

O-glycan is associated with progression of differentiated-type adenocarcinoma of the

™
b mst

stomach. Cancer Science 105, 126 (Jan , 2014), Fumitoshi Karasawa et al., Essential
role of gastric land mucin in preventing gastric cancer in mice. Journal of Clinical
Investigation 122,923 (Mar 1, 2012).). MUC(F-2)2 O-F 47} thsF o2 A3t s of
A= AE ATA AR, FH T Aol Ao Gt B Ao et
Tl G 71T A ot whebA Al A o)l A ATt o)
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& Wl ST Tl S7FsH A Y Al
TF2E 7= 0-FH7t Bk 42

of wpe} Zo] 1 0-FH7F F7FskA Y A sHE
74 6('}0] LJrE]rUrm], O-9 3 2] A| &AL} (sialylation), 572 &} (fucosylation) 7}
% 7F8kc} {S. 1. Storr et al., The O-linked glycosylation of secretory/shed MUC1 from
an advanced breast cancer patient's serum. Glycobiologyl8, 456 (Jun, 2008), H. J. An,
S. R. Kronewitter, M. L. de Leoz, C. B. Lebrilla, Glycomics and disease markers.
Current opinion in chemical biologyl3, 601 (Dec, 2009)}. H=3F, t) & 9Foll A 1= F.9]
30-F 3¢} 520] 39 ko] Agtet O-d a7 743k} {H. Kawashima, Roles of
the gel-forming MUC2 mucin and its O-glycosylation in the protection against colitis
and colorectal cancer. Biological & pharmaceutical bulletin3Ss, 1637 (2012), J. M.
Yang et al., Alterations of O-glycan biosynthesis in human colon cancer tissues.
Glycobiology4, 873 (Dec, 1994)}. B9k o} 2} |49, WA, A ket
AHAE, # ok Sl E O-F 4 o W37 =¥ A} {1 Brockhausen, Pathways
of O-glycan biosynthesis in cancer cells. Biochimica et biophysica actal473, 67 (Dec
6, 1999).}

O-F 44 9] #] ¥4 Ao &= 0-F o] 7k o] = (glycanase) 2= -3 27}
NARE, o] &AE Al YAksialic acid)o] A7HE o] = O0-F o = 2188 314
L5 w o)) AFg317] Hel WA Al 2] ) o] Z(sialidase)E A}-& 3] AL AFS
A Ao gk}, e, O-= ko] 7Hd| o] Z(glycanase) B w8 AT Z0]-1,3
T2E 7HR= T4 O-F ARt E e Al o] Zheshy] wtoll AR-g-o] vl -
A olnk, o5 WS e theF e Aol uhek Al ebtte] A ghe s (Sialylated
glycan)7} W3} 3kc}, IRk Al AL 7 9- ulo] @ o] of o] oF gt #|E:4] o
YEFES = 7 A= T2 Ao wiLol] O-Faf el DA AN ZEIIE &
A A = Aldate] AE o 3= AEe 0-F A E vl vpa 4 o2 Fe]sta
WA shz el Aol A e st

o2l 3t o FE R Qa 0-FHZ Helohis Ul BAS 0| §3 25
welgnck shehd Ae) e ol o) &8k aluk (okdl I 1 A2, A=
3}8k4 = g mtg = 7F4 o) % 4] OJ Hc}tﬂ o1 B-A A (ehmmatlon) W2 o] -85t

w2} sh= Alo] 0}14 eh, N-Zf o} O-3 4 & ¥l E—OI X—i SLE l"i—ﬂl /“l 717] w3l
] -4 o] o] {1} (Kozak, R. P. et al., Suppression of peeling during the release of
O-glycans by hydrazinolysis. Analytical biochemistry 2012, 423 (1), 119-128, Ozcan,
S. et al., Characterization of novel O-glycans isolated from tear and saliva of ocular
rosacea patients. Journal of proteome research 2013, 12 (3), 1090-1100). 12| 31
deol, A, ime it &2 Aol M o] G5, N-FH7FO-F ol Bl e HEFH o=
BB Bol Hof Jdvkar def A 7] wtell v S o] A ]l Wyl of &
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[8]
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[Table 1]
O-3d &4 Hgrd RNy i H| 11
=2 13 21 FEE JAE =4 o-=HL
£ gl 2gEe] 95 Paol: 1-3 s
Oapems=s) | " igol mmoln, | maee e
. SOITEA 158 SIS 0 ZHs S Aad o
HuH A2 1| e ogo] BolAs Peelng20] e e
Hydrazinolysis 201U HT, Ao 7} Euraol (4,5 N-Z ?:Ta’:j]
tl’l d E El | -_| [} e Nh EE -f‘_
metho G014 UHA W AFEO] M EHHOITE ez g
3;7_].%1'2'] JﬂE,] 2 i = ] UH_I_ E
. oigotnl, ol SHHRlES =
Nonreduced 0|23 WP S Thy AZ 80| LT} (6-8)
method - B

i17H. Gever, B, Gever, Strategies for analvsiz of glveoprotein alveosvlation, Biochim, Biophys, Acta 1764
(200G 1EI3-1869.

iZvH. Iwaze, K Hotta, Release of Culinked glveoprotein glveans by endo-a-Macetvlzalactosanndasze, Jlethods

Alol Biol 13015933 121-138.

i31F.A Droek, CJ Edage, DI Harvev, 3[LE. Wonmald, FLB. Parekh, Analvsis of glveoprotein-associated
olizozaccharides, Anmu. Fev. Biochern. 62 (1992362— 100

(+raH dleny, DCA MNeville, L Rovle, B Alarthews, DI Harvev, BA Draek, PAL Budd, Fecover of
intact Zaminobenzamide labeled C-glvcans releazed from alvcoproteins by hydrazinelysis, Anal Biochem.
F0AZ00Z:591-00,

31T Patel, I. Bruce, & Alemwy, O, Bigge, 30 Wonmald, A Jagues, B Parekh, Uze of by drazine torelease in
mtact andunreduced fornboth - and C-linked ohgosaccharndes from alyvcoproteins, Biochermistry 32
(19931670603,

(633, Chai, T. Feizi, C.T. Tuen, AM[ Lavwson, Momreductive releaze of Glinked olisozaccharides from mucin
glvecoprotemns for structure function assigmments asneoglveolipids: applicationin the detection ofnovel
ligands for E-zelectin, Glveobiology ~ (19971 861-872.

{7171, Huang ¥ Alechref 31V, Movotny, Jlicrozcale nomreductive releaze of Clinked glveans for subsequent
analysisthrongh 3 [AT DI maszs spectrometrsy and capillary electrophoresiz, Anal. Chem, 73 (200136063 -
GOED,

(%7K, Vamada, % Hvodo, Al Kinoshita, T. Havakawa, K. Kakehi, Hvphenatedtechrigque forreleasing and
AIATDIALS analvsis of C-glvcans in mucin-tvpe glvooprotein sanmples, Anal Chem, 32 (20100 7336—343.

g o] A3 A
71 A

mlI.

Bk e v] 0-%4) Bel e BAG e S Asm 0-FHue SolHos
FelatE wHE Al AE HHow dvt

g g2 0-F el Mg glol i o R 0-FAE velshE W s
AFeE g FH o g

HA A

=

g 252 ¥ = 314 SH(bead immobilization) & ©]-8-3}o] N-T 2| & WA 4
T2 AN G, EE FEd e et H o R Al ste] O-Fd e
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[29] h) v Zell A Ee] ¥ O-F N Efo] Zol| A p-A| 7] WHH 08 0-F ) = ¥ 5=
HALE x8e=0 %éﬂ E AelHola vuty]) A o7 FelshiE WS

[30] &7 ‘j]'l—zw“olx—qn ol o = B slglo) = A gl uk 2-g8)i= Eo]
A B F A0 ol vl e § 45 ek, o A # A Al o] =
(porcine elastase), 3}37}%1 (papain), =1 A $1 4] (porcine pepsin), S Z ] o] =
(pronase), 3 & B o] 1] o] = K (proteinase K), 42 2] 4] (subtilisin), %] &.2}0] 2]
(thermolysin) 5 ©] 91 &1}, W= A] o] o)) 3HA 5] = A& o} ),

[31] R 2 471 d) @A N-F 4 5014 A7 PNGase Fl& S 2=
= S AT d

[32] o 2 RS 7] g dA vl 5ol @A Feaart 2ol = EdE
SH o sk s AT

[33] e 2 AV hy @AY O-F 4 e a A o] ¥ A FE Gt
R7bE S 50 R s WS AT et

[34] o, 2 RS 7] o) v EE 24 8k 9= HCL S 9] Abs 7Hshe]
TS 502 shE WS Al

[35] o, 2 S Y] a| o wlo] A Al AR o) ol A& % 12;%
sh= S Al et AR RE gaE A EeolAHolrto| B A,
of7bR = A Ee2~E R A oA A §& el

[36]

[37] *ES, 2 AV AT ol R 2 AR o] Fo) 3l A S, F U
H}E‘Zﬁ}ﬂlb *ﬂ»‘riz 4B°‘ & 50 sz s Ale it

[38] ol gl ol A = :rLiﬂx—qncﬂ Ao & Fof & W o] A& = v ApA|8] A gt
e, B o H T A Ao o] Aol ofste] g v = Alo] of e E
g o] &35) = V] i-ofoll A o] A A& 7HX Aol Al Apg st

[39]

[40] <A A] of >

[41] 1. CNBr& 84315l A 3} & = 4B H] = (Sepharose 4B bead) 150mgS =8]8}
Imé 1mM HC1=Z &4 3hA| #H T}

[42] 2. A 200ug3} 3040 2] 200mM F §H4FE E ¥ (ammonium bicarbonate) 2
10mM DTT(dithiothreitol) & WF-&-A1AH WA H bl zl S g 3FA[ 7] v = o
EAA 7T

[43] 3. FAT AL EE e A S A 78] 2@l 1.5 mé 0.1M PBS(Phosphate
buffer solution) (pH 7.5)% 3§ Al 01 H F, 1M o gHE-0}11 (pH 9)= ©] &35} o]
2A1ZE SR REZAI A Hold = AR E SR ST

[44] 4. 1M o ¥F&-o} 712 1.5m0 PBS (pH 7.5)% 33] M oWl 3 Eo] % N-1 4
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2] 842 PNGase F2 (b E & 7}aho] 37°Co) A 300rpm O & 24/«] FF k-3 Al Z T
p

[45]

[46]

[47]

[48]

[49]

[50]

[51]

A

5. ¥ 2] ¥l N-" 3 & 20% ACN(acetonitrile) 0. & 33] A o]l & H]E-0] %] ohul 2]

B4 20008 (1:)E H7Fsbo] 37°CE 1A RE 5 ¢F HE-3-A[ A B =0l A
Hefo| =5 FE A F

6. ¥ 2] A7l G EFO] =5 20% ACNS o] 83814 358 5, 201409 IM
TEHANUEFES H7beto] 42°C= 164]1F vEg-A 51T
2 0-F = thaAd =<3} g4 7HE 2] | (Porous Graphitized Carbon
Cartridge) & ©]-8-3}o] 214/ =% (Solid Phase Extraction) 3} %1 T}, 5% T
LA B = FA %) A FHE A E 80% of M Evto] EY H 0.1% TFA
(trifluoroacetic acid) =8N 0. & A & e & =7 &3]t} O—DLJ*H 3115-’“ oS
FFEE X ol] 2§ & o} 5N AAE Al oF Im/ming] & T2
K3 T O-F 3 5= 20%(v/v) ACN (acetonitrile) 3} 40% ACN (acetomtrlle) el
0.1% TFA (trifluoroacetic acid)E &3¢t &N o2 &=38to] O-F 47
A—]Eﬂ%—] eR=4 Eag}oﬂq

8. nanoLC chip/Q-TOF MS -4 -&
Ajstel B A8 st 4Rl s
A 3] = B F/]E] O-FHE =l A&7 LS
3 Y= 3Z HPLC-Chip/MS 1 E 3] 0] 2= 2 6530 Q-TOF MS © 4| 7] & 2t
HPLCChip/Q-TOF(Chip Quadrupole Time-of-Flight) MS system (Agilent
Technologies, Santa Clara, CA)-&- o] 83Fo] 413} 9% 0.75 mm 53-8 A&
2 43 x 0.075 mn 4] -8 A 7 2] A A4 (stationary phase). 2.2 53 L} --ESI
iii’ﬂ o] J3t Al 5 um A A3t v S A Eto] AHREHT

Sehs1els) Wl o9 ¥ alis e 24 sha wel whe) s

1Sl AT AL 2 8 0 A B8 S E Tl Bl 5703
w2 EE T 55 8O (4)3.0% ohAE Ol EY 8 0.1%
X5 AJ(v/v) T899, 2 (B) 90.0% oI EYo)| EE 2 0.1% EEAHv/v)
Fgfolar, Z+z} of el Al Zbe] offf 5= A 2] 531 th: 0% B, 0~2.5min; 0~16%
B, 2.5~20min; 16~44% B, 20~30min; 2 44~100% B, 30~35min. ‘Fo} 9= 0-2 2] =
100% B &< 2= 107 Aot HEH o2 #4178 AH-2 0% BE 2077t
AB & sletar, 558 AL 0% BRE 2033 A4 9 g}k o).

10. AZ2T7FA 257 325°C2 243813l 85 4 55= 4 f/min(o] 33 A A7~ 2
28} A3 A F =TT 2 HR ST MS A EZH S A EZ T 5% 9]
%] 5 Al 7k (acquisition time) 2= m/z 300-20002] A &F WH 2 FA o] 28}
oA 3t

11. ¥4 3% 3 Lo/MS 2] Y2 ¢ o] E}+= Mass Hunter Qualitative Analysis software
(version B.04.00 SP2, Agilent Technologies)oll Z3HH 2} A % da1g]
(Molecular Feature Extractor algorithm)-& ©]-8-3}o] A 2] 5 91t} MS 3] A= 5.0
Aot mol= vjg R A Qi N o] 2 Fom B

~
ne
_Q
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[52]

[53]
[54]
[55]

— e
A L W
O O ~

[66]

12. o]/ & ¥ A 73 (expected isotopic distribution) & ©| 83} 71 2]/ Hj
AR G WEE AL G 320 AHE BE o] 2F o, o]F
WA o] 2, 4T FA A o2 H B B 54

o] /4 2 A (isotopologue) & &7 FAilste] 813+ 9 =732 % (neutral mass)=
Aatal et o] 4R E o] gato], A uvntE 1] ¥ HE o o8& YEh =
Fo R ANE W EE 3 939 gl 2EE A5 0-F 3= GlycoX
harg] ol 7Wheh 2 g atE e AL E o &2 gQle it 5ppm o] W €]
2= A (mass tolerance) & 753 0-F o] @ 7 xE glstglth

<H|aLof: B gkl B2 Aol 2 7 O-F 4 22>

Y. Huang 54 %5 {Microscale nonreductive release of Olinked glycans for
subsequent analysis through MALDI mass spectrometry and capillary electrophoresis,
Anal. Chem. 73 (2001) 6063-6069}°l t}e} O-3 | & v} gFo] 2] 8t it

1. 1mg FHA-E 1m0 ] 28% 84 FAet R g ufol] =tk
. 100mg LA FEH FHR U O] EE 3 7FsEAL 60°Col A 4041 1F /E-3-A] 21Tt
Sl E LA F, 05 M 64kE A 2l she] 37°C, 308 RE-g A1 2l
FE s HslAA AartA2 A RS 2.
: SOM«l = Yol A dste] SRt Ed skt

6. Ao M E s ZALo] = (3:7)9] &l %21 0.35M
2-o}1] - Hll = o}l o] = (2-aminobenzamide; 2AB)SF 1 M A F

Al o} H 2 &} o] = g} o] I (sodium cyanoborohydride) & 9 -& 742} 504
60°C, 44| 7+ HE-5-A] ZA T} (2AB labeling).

I S

oL

al

7. MWCO-500 541 13 AL§-8he] 541 5k 1 28k ik,
8. 42 O-F iz AFA V|2 o] g3l ¥4I 5A L.

¥ 12 N-2 9 0-al 7 Qi e R e 09 nhe elahiz el
oe A w2 ek Z 4 2 NG sk 0-F = T o] g,
N-g4h3z ob2=mheb] 2710, 0-F4h = Al iz Ee e wv]e] AgE ol
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