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Q3 Al¥EE AR xyloglucans #23kaL ©]¢]
BATZE 798Itk k2 E Aleohol Insoluble
Residue (o]3} AIR) Az ¥ o8] 74 &4 (a
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pectin methylesterase (©]8} PME), xyloglucan
(o]3t XBEG) B)¢F HAUH
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ARESte] XGe 2, AAskleH, A
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—amylase, endopolygalacturonase

endoglucanase

o RATRE W] Sdstel B4, AT
H&, MALDI-TOF MS (Matrix-assisted
laser-induced desorption/ionization time-of-flight

gttt

=t}
=

=0 =

mass spectrometry), NMR 5= =

=q]

I. A5 9 =4

—

T

okl (Allium cepa L)E A5l #+43 &
SAEel RASHHA Ao g,
= Aok EFAIeRS ARSI

M o

2. Xyloglucan Oligosaccharide9
29 2 |

FE YeRAS JAALE FHsivA 27
S djEislor, a3k 2248 80% (v/v) EtOH
(oF 20 mL/g tissue)dll EEA7IL TH7|E o4&
ato] o gk - o]E nylon meshol T
0% (v/v) EtOHZ} ¥4 EtOHZE AZste] AR
S AZsIATE A3 AIRS methanol:chloroform
(111, v/v) &l depst § ALoA] 1AI7F Bt
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ko 3}EIal acetonel® AlF T AZRE
t}. AIRS 50 mM NaOAc (pH 5, containing
0.01% (w/v) thimerosal)ell & & o] EPG (5
units, from Aspergillus niger (Dr. Carl Bergmann,
CCRC))$F PME (5 units,
oryzae (Novozymes A/S, Bagsvaerd, Denmark)
5 7K 3 24°Coll A 24117 53F A= sk
o 5 At sl 919 wUg AHoR FAE
Aglate] thr] ofFsilon, S 20 mM
NaOAc (pH 5, containing 0.01%6 (w/v) thimerosal)
of &g % oJo XEG (10 units, Novozymes
A/S, Bagsvaerd, Denmark)S 3718k & 24°Col|
A 24ARE S8 ARlskaith AEle o3k of 3
WS FAUFEGOH, FAAERES THTOl
&89 3ume] o #pA| = o] F}skar Sephadex G-25
FAR SFE AHEs SHAA G, o
] XG oligosaccharideE ##3l7] ¢354 hexose
o] tIgt anthrone ¥4S 3IYt (Fg. 1). Tst
dd F U= pectin =AS FFLAAS ] S8t
< W3kFEA9] Q-Sepharose® 7% A
A< o]gste] gdH XEG HE=S FHAIAh

from Aspergillus

3. XG oligosaccharides? 2%
H2J3k XG oligosaccharides® Z12}] oligosaccharide
2 ®337] 918kl CI8 column (Hibar Lichrosorb
RP-18, 25x1.0cm)& ©l&ste] &gk XG
oligosaccharidesE 15% MeOHS grj=3}o]
HPLC®= ¥8|3F% 1 evaporative light scattering
detector (Sedex 55 ELSD, SEDERE, France)=

e ASsII:

4. ¥ 2M (Monosaccharide composition)

AAE XG oligosaccharide®] A4S £4138)7)
935te] XG oligosaccharideE 2 M trifluoroacetic

acid (TFA)Z 121ColA 15A3F 7Rl
alditol acetate Fr=A2 AFAIZ T GCE ¥4
3tk GC #2418 SP-2330 capillary  column
(02 pm film, 025 mm id x 30 m, Supelco)®]
42+l Hewlett-Packard model 5390 series 1S
ol g3stal HALExZ [60CT(Imin), 60T—220T
(30C/min), 220C(12min), 220°C—50C(8C/min),
50CA5min)]elA AAskEeE 332 molede=
peak®] WAH] e} 7F ] alditol acetate e
Ao wAFo m E ALkl

Onion‘ AIR

Extracting AIR with a-amylase

a-Amylase-treated pellet

Extracting residue with EPG and

PME
Re‘sidue Extract
Extracting residue with XEG
Ex‘tract Residue
Filtering
Solubles Insolubles

|
Desalting (Sephadex G-25)

Anion-exchange chromatography
(Q-Sepharose)

Xyloglucan oligosaccharide

Fig. 1. Flow chart for isolation and identification
of xyloglucan oligosaccharide from onion
AIR
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5. BUYA| Y HIE (Glycosyl linkage)

XG oligosaccharides 2 7} oligosaccharideS
T3t e B AR9A Z HleS 245
3 methylation® Hakomori *Hell whel A4
sttt 24 Al8E methylation o]&e] 02 M
NaOH=Z 20| A 2A17F *2]3le] deesterification
dtal Wk & Beliminationo] AojubA] P
methylation 3Hapa|g AAEIAE vt 944
3] polyalkoxideZ FA¥HE=E Had g
methylsulphinyl carbaniong =2k 715k
Methyls}d 32 Sep-Pak Cl8 cartridge® ¥4~
1931 1 M TFAZ 10T 2417 7124
T 39 2 geetylation RS AA  partially
methylated alditol acetate® A33l] GC 2
GC/MSZ 43kt GC 42 SP-23%0
capillary colum (0.2 pm film, 0.25 mm id. x 30 m
Supelco)o] &2 Hewlett-Packard model 5890
series & o]gsta HAE=x7 [60T(Imin),
60C—180C(30C/min), 180C—250C(1.5C/min),
250°C(Gmin)]ol A splitless injection mode® #4
shden, A GC/MS 5970 mass  selective
detectors  o]-&3ate] FHALE=Z[60TC(Imin), 6
0C—150C([B0C/min), 150C—250C(1.5C/min)]l
A BEAEIATE 2 peaks MSell 23 fragment
ion 43} GC2| relative retention timeS Z%s}h
of sA4sten, 7 =] mole% peak W

A3} SYAFRIE AEH

6. MALDI-TOF MS

A XG oligosaccharide €73 #-S 90% MeOH
o gallgt A8 2 uLE matrix solution 2 pL
(10mg/mL 25-dihydroxybenzoic acid in TFA:

CHCN=L750.75, v/v)¢t Egstal o5 2 uLs
#3}o] stainless steel sample slidedl loading <
Hx2A7)13 Z748k3ik. MALDI-TOF MS+ 337
nmollA AHE3E= nitrogen laser®} single stage
reflector”} 42 Voyager-DE RP Biospectrometry
Workstation (PerSeptive Biosystem Inc.,
Framingham, MA, USA)2.2 Z4, 7]Z3}9th.

7. '"H-NMR

XG oligosaccharide -&9(in 600 pL of 99.96%
enriched D20)2 5 mm NMR tubeZ &3 &
Varian Inova 600 NMR spectrometerS ©]-83}o]
28KoNA Z7gekait) oWl acetones VIEEE

(6 2.225)% 3t chemical shift® =43}t

m. 23}
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o] 7% t}Eke] galacturonic acid’} H-E AL

2 Ko} o] 30| rhamnogalacturonan I (©]a}
RG 1)%l Aoz HE Y minor peake] 73-%
22 9kl glucose®} xylose® A EO] o] £3
o] xyloglucan oligosaccharidedS & 4 AT
Minor peak t2lel] w]kolupn} E9j= o] & A

o7 FALE= B RG 1S AASH] Ysl
ol ekl sto] e
3 XG oligosaccharideE E3¥A1AH AA|sHAth

Q-SepharoseE ©]&

Table 1. Total solid, hexose and uronic acid
content of XEG extract from onion

Total solid (%)| Hexose (%) |Uronic acid (%)

367 2.09 1.02
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Fig 2. Changes in absorbance at 620 nm and
specific conductance of fractions of XEG
extract from onion on Sephadex G-25
column

2. Xyloglucan oligosaccharideq &
AN, HE % MALDI-TOF MS

H2)8 XG oligosaccharide®] TAE-S #2413

A3} Table 2014 Hi= vkl 2o] fucose 11.9%,
xylose 25.2%, galactose 9.1%, glucose 53.8%2] &
A& ERTe] xylose®t glucoseS 8 A GO R
3aL o] fucose$} galactose”} 1A% xyloglucan
PE & F Agrk 2P ol
ZkEagh §- SHIXT]AL acetylationslo] FHEA 0w
methyl3ke  alditol acetate (partially methylated
alditol acetate (PMAAs))E Alx3tgom, ol&
GC % GC/MSE 439 A9l 9 v&s
ZAsE A3l Table 339 2t} Fucoses T-fucp
o] FElE 74 mole%, xyloset T-xylp, 2-xylp<]
P2 7212} 150, 10.3 mole%s, galctose™ T-galp,
2-galpe] FElZE 242} 54, 7.7 mole%, glucose™
4-glcp, 6-glep, 46-glepe] FEl= Z47 83, 127,
332  mole%e HlER  FAHEAL XG
oligosaccharide®] MALDI-TOF MSE
I} Fg 3ol4 Hi= vlel Zo] peak® mass
fragment #Co.2HF XXG, XLG, XXXG, XXLG,

methylationd} L

ENLE

XLXG, XXFG, XLLG, XLFG %¢ 87H4
oligosaccharide®  &<Qlslio &3 XG

oligosaccharide”} 583 ~108tdo=2 €& &
= Addel =3 B3k XG oligosaccharides
HPLCE &3 #g], 835tz MALDI-TOF MS
2 3Relate] ZH7}+e] oligosaccharide £88 A%t

Table 2. Monosaccharide composition of xyloglucan
oligosaccharides isolated from onion

Monosaccharide Mole%
Fuc 99
Xyl 2.2
Gal 11.1
Glc 53.8
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Table 3. Glycosyl linkage composition of xyloglucan oligosaccharides isolated from onion

Component Linkage Mole%
Fue | T-Fuep 1,5-di-O-acetyl-1-deuterio-6-deoxy-2,3 4-tri-O-methyl-L-gal 74
actitol
- T-Xylp |1,5-di-O-acetyl-1-deuterio—2,3 4-tri-O-methyl-D-xylitol 150
Y
2-Xylp |1,25-tri-O-acetyl-1-deuterio—3 4-di-O-methyl-D—xylitol 10.3
Gl T-Galp |1,5-di-O-acetyl-1-deuterio—2,34,6-tetra-O-methyl-D-galactitol 54
2-Galp |1,25-tri-O-acetyl-1-deuterio—3,4,6-tri-O-methyl-D-galactitol 77
4-Glep  |1,45-tri-O-acetyl-1-deuterio—2,3,6-tri-O-methyl-D-glucitol 83
Glc | 6-Glcp |1,56-tri-O-acetyl-1-deuterio—2,3 4-tri-O-methyl-D-glucitol 127
46-Glep |1,45,6-tetra—O-acetyl-1-deuterio—2,3-di-O-methyl-D-glucitol 33.2
o] 4548 oligosaccharide 9< ¢ & Utk
3]57gk 7t oligosaccharided] thsl 797 41
[0] 1084.9
2 XXXG 13927 1554.4 st Ay= Table 4, AR 9 BlES T']:_Lﬁ—‘?l'
% XXFG | XLFG - - . .
= A3l Table 5 8|3 °]E oligosaccharide?]
Q
§ NMR #2414 anomer proton®] T3+ chemical
> -
5 e shift A¥H= Table 69} 2t} o5 A#E FHA
[0)
x 7908 e o7 B3 Ay} 7+ oligosaccharided] %=
I -8 P O Fig. 42 v}
600 1000 1400 1800
Mass (m/z) Table 4. Monosaccharide composition of xyloglucan

Fig 3. MALDI-TOF spectra of xyloglucan
oligosaccharides isolated from onion

3. Xyloglucan oligosaccharide 2%
o 35
R HE] ghxow Bk XG oligosaccharides
2 FAsk= Z47el oligosaccharide®  £#]317]
to] HPLCE ©]83l9 Z} oligosaccharide®] &
FE5 dlomn, Aol FEEo| dis] MALDI-TOF

oligosaccharides isolated from onion

Monosaccharide (mole%)

Oligosaccharide
Fucose | Xylose | Galactose | Glucose
XXG 0.2 36.3 0.3 63.2
XLG 0.3 32.2 199 476

XXXG 06 | 336 13 645

XXLGHXLXG | 14 | 251 177 0.8

XXFG 83 | 262 149 0.6

XLLG 22 | 285 181 ol.2

XLFG 77| 260 179 494
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Table 5. Glycosyl linkage composition of xyloglucan oligosaccharides isolated from onion

(Mole%)
Glycosy] Oligosaccharide

residue Linkage  vve x16 XXXG }}%QX% XXFG  XILG  XLFG
Fucose T- - - - 0.3 96 32 6.8
Silose T 322 153 81 149 116 54 45
Y 2- 13 121 17 100 91 24 136
Calctose T - 167 02 128 2.3 156 99
& 2- - 15 - - 98 37 94
4- 206 184 179 137 148 119 131
Glucose 6- 254 161 165 167 167 11.0 106
46~ 205 209 %6 316 289 %3 21

Table 6. "H NMR chemical shifts of anomeric protons of xyloglucan oligosaccharides isolated from onion

Oligo— . . Chemical |Oligo- . . Chemical
sacgcharide Residue Linkage shift(§) Sacgchan'de Residue Linkage shift(8)
XXG a-D-XyI° T 4941 XXFG a-L-Fuc® T 5.257
a-D-Xyl* T 4955 B-D-Gal® 2- 4621
B-D-GIc 6- 4567 a-D-Xyl T 4941
B-D-GIc* 46~ 4634 a-D-XyI” T 4952
D-Gleol 4- 3749 a-D-Xyl! 2- 5132

XLG B-D-Gal" T 4556 B-D-GIc* 6- 4546
a-D-Xyl” T- 4941 B-D-GIc” 46- 4539
a-D-XyI* T 5170 B-D-Glc* 46- 4621
B-D-GIc” 6- 4542 D-Gleol 4- 3671
B-D-GI¢* 46- 4621 XLLG  BDGa T- 4559
D-Glcol 4- 3781 B-D-Gal T 4559

XXXG  a-D-Xyl T 4939 a-D-XyI° T 4943
a-D-XyI° T 4957 a-D-XyI” 2- 5175
a-D-Xyl* T 4952 a-D-Xyl* 2- 5.161
B-D-GIc° 6- 4548 B-D-GIc° 6- 4535
B-D-GIc” 46- 4536 B-D-Glc” 46- 4545
B-D-GI¢* 46~ 4631 B-D-GI¢* 46- 4635
D-Glcol 4- 3744 D-Glcol 4- 3783

XXLG  B-D-Gal T 4554 XLFG a-L-Fuc® T- 5258
a-D-Xyl° T- 4940 B-D-Gal T 4552
a-D-XyI’ T 496 B-D-Gal" 2- 4621
a-D-XyI! T- 5.163 a-D-Xyl° T- 4942
B-D-Glc* 6- 4547 a-D-Xyl 2- 5172
B-D-GIc 46- 4560 a-D-XyI* 2- 5127
B-D-GI¢* 46~ 4620 B-D-GIc° 6- 4533
D-Glcol 4- 3744 B-D-GIc” 46- 4525
B-D-GIc* 46- 4630

D-Glcol 4~ 376
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<XXG>
B—4)  BU—4)
Gle——Gle—~CGlce
la1—6)  la(1—6)

Xyl Xyl

<XLG>
BI—4) A4

Gle——Gle—-CGle
la@—6)  la(1—6)

Xyl Xyl
[B(1-2)

Gal

<XXXG>
B(1—4) B(1—4) B(1—4)
Glc Glc Glc Glc

la1—6)  la1—6) lad—6)

Xyl Xyl Xyl

<XXLG>
B(1—4) B(1—4) B(1—4)
Glc Glc Glc Glc

la1—6) la1—6) |a(1—6)

Xyl Xyl Xyl
IB1—2)

Gal

Fig 4. Proposed structures of xylolgucan oligosaccharides

<XXFG>
Ba—4)  pa—4) B(1—4)

Glc Glc Glc Glc
la1—=6)  lad—6) lad—6)
| |

Xyl Xyl Xyl

[B1—2)
Gal
a(1-2)
Fuc
<XLLG>
B(1—4) B(1—4) B(1—4)
Glc Glc Glc Glc

la1—6) la1—6)  |a(1—6)

Xyl Xyl Xyl
Bu—2)  [p1—2)
|

Gal Gal

<XLLG>
B—4)  BU—4) B4

Glc Glc Glc
la1—=6)  lad—6)  la1—6)
| |

Xyl Xyl Xyl

Glc

B1—2)  Ipa—2)
Gal Gal
la(1—2)
Fuc

isolated from onion
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V. A

1.

. Structural

in the
primary cell walls of plants in the subclass
Asteridae. Carbohydrate Research, Vol. 340,
2005, p. 1826-1840, M. Hoffman, Z. Jia, M. J.
Pefia, M. Cash, A. Harper, AR. Blackburn II,
A. Darvill and W.S. York

Structural analysis of xyloglucans

. Characterization of cell wall polysaccharides

from the medicinal plant Panax notoginseng.
Phytochemistry, Vol. 66, 2005, p. 1067-1076,
Y. Zhu, F. Pettolino, S.-L. Mau and A. Bacic

. A novel xyloglucan from seeds of Afzelia

africana Se. Pers. —extraction, characterization,
and conformational properties. Carbohydrate
Research, Vol. 340, 2005, p. 997-1005, Y. Ren,
DR. Picout, PR. Ellis, SB. Ross-Murphy and
J.S.G. Reid

characterisation of hemicellulosic
polysaccharides from Benincasa hispida using
specific enzyme hydrolysis,
chromatography and MALDI-TOF mass
spectroscopy. Carbohydrate Polymers, Vol. 59,
2005, p. 231-238. S. Mazumder, P. Lerouge, C.
Loutelier-Bourhis, A. Driouich and B. Ray

ion exchange

. Cell wall xyloglucan incorporation by xyloglucan

. Isolation and characterisation of cell

endotransglucosylase/hydrolase in pine hypocotyls.
Plant Science, Vol. 166, 2004, p. 1269-1274,
E.P. Lorences

. Polysaccharides from grape berry cell walls.

Part II. Structural characterization of the
xyloglucan polysaccharides. Carbohydrate Polymers,
Vol. 53, 2003, p. 253-261, T. Doco, P.
Williams, M. Pauly, MA. O'Neilll and P.

Pellerin

. Structure of the xyloglucan produced by

suspension—cultured tomato cells.
Carbohydrate Research, Vol. 338, 2003, p.
1197-1208, Z. Jia, Q. Qin, A.G. Darvill and
W.S. York

. Structural characterisation of xyloglucan and

xylans present in olive fruit (Olea europaea
cv koroneiki). Carbohydrate Polymers, Vol.
44, 2001, p. 51-62, E. Vierhuis, H A. Schols,
G. Beldman and A.G.J. Voragen

wall
material from olive fruit (Olea europaea cv
koroneiki) at different ripening stages.
Carbohydrate Polymers, Vol. 43, 2000, p.
11-21, E. Vierhuis, HA. Schols, G. Beldman
and A.G.J. Voragen
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