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Structural Analysis of the Unusual Sugar-Containing Oligosaccharides
Formed by the Selective Cleavage of Weakly Acidic Polysaccharide

Kwang-Soon Shin and Ho Lee
Department of Foods and Biotechnology, Kyonggi University

Abstract

By sequential degradation using partial acid hydrolysis of a weakly acidic polysaccharide (GL-411b2"), two a-
cidic oligosaccharide fragments, PA-2' and PA-1-1II were isolated and their structures were characterized. PA-
2" consisted of almost equal proportion of a rhamnose (Rha) and an unusual sugar, 3-deoxy-D-manno-2-oc-
turosonic acid (Kdo). When permethylated oligosaccharide-alditol derived from PA-2' was analyzed by GC-
MS, the peak gave the fragment ions at m/z 189 (bA,, 6-deoxyhexose) and at m/z 308 (al,, alditol from Kdo).
The peak also gave the characteristic ion at m/z 162 but it did not give the fragment ion at m/z 177, sug-
gesting that Kdo is substituted at C5 but not at C4. Methylation analysis also indicated that PA-2' was com-
posed mainly of terminal Rhap and 5-substituted Kdo. When the reduced product from PA-2' was analyzed
by 'H-NMR, it gave a signal at 5.09 ppm due to an anomeric proton of o.-L-Rha. These results indicated that
PA-2' mainly contained a-L-Rhap-(1--5)-Kdo. On the other hand, PA-1-1Il mainly comprised Rha and Kdo
in addition to small proportions of arabinose (Ara) and 3-deoxy-D-lyxo-2-heptulosaric acid (Dha). MS
analysis of permethylated oligosaccharide-alditols from PA-1-II1 suggested that the major peak 1P was Rhap-
(1-—5)-Kdo whereas the minor peaks 2P and 3P possessed Araf-(1--5)-Dha unit and these peaks were pro-

duced as epimers during reduction of carbonyl groups in Dha.
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2 AR chdA ] 2A R ARG A
(the leaves of Panax ginseng C.A. Meyery> 3+ 28]
A At edate g, 21 el e A Aol 4] ]
st
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Zc} §ek2- galactose S EFEE2 2 )] phenol-sul-
furic acid®]"" 0 %, AW} &2k galacturonic acidE

EFEAZ 3to] m-hydroxydiphenyl®i ™o g chulzl
ek FFEA T bovine serum albuming A}E-3}od
Lowry® "o g z}7t Aekslelc}. 3-deoxy-D-manno-2-
octurosonic acid (Kdo) % 3-deoxy-D-lyxo-2-heptulosaric
acid (Dhaye] A% 43S $1a41= York 5] A}
4-3} thiobarbituric acid (TBA) w] A ak-g A4l
of 2oll A Wajsto] AHESHT R HAek A
2 A% Xl A3 HPLC= Asahipak GS-320+
GS-220 (ZF 0.76 x50 cm, Asahi Chemical Industry
Co.)% A-2+gE Shimadzu LC 6AE AREs}e] 0.2 M
NaClE Boi2 g2shdon Aol Eabege-

standard pullulans (P-400, 200, 100, 50, 20, and 5;
Showa Denko Co.}5 ZEEA T slo] gdolz] FF=

A3} wlsste] 24 slolct.

- 2 M trifluoroacetic acid (TFA)Z 121°Col| 4]
15217 7heislgt &, o 71 RelES Dowex-1
(acetate form) resinol] &]a] FAJG} AbA G o g Ha)
‘}o:] z+7} alditol acetate -2 A2 A5 A7 F, GC
FAskdnh. GCo) A2 SP-2380 capillary col-
umn (0.2 pm film, 0.25 mm i.d. X 30 m, Supelco)o]| #F
215l Hewlett-Packard model 5890 series 15 o] 823} 1
EE2XEZA[60°C (1 min), 60°C--220°C (30°C/min),
220°C (12 min), 220°C—50°C (8°C/min), 250°C (15
min)]el| 4 A A|s}edct, FAI 2] mole %= peake] =
Hu| e} 7k A ] alditol acetate Frx A 2] F-2leko
2 B AAkslich g8 A F Kdo W Dha 3tek
2] GC #4& 9&l4l+= York 5-%3} Stevenson S-*
o) Wy & WRsie] ALESIL. 5, AR E bt 24
(1% acetic acid, 100°C, 2 A|ZHel|A] 7}=8-8) 8} o
714 NaBD.,Z #418}o] KdoE ¥ 353}, 0.1 M TFA
2 100°Cel| 4] 1A]7F 2] 2} A 2] 3} 5 NaBD. 2. $H4]5}ed
Dhat-9] & ¥ 33lsich olw 2 M TFAR 121°C 1A]7H
PVrtalslel ol gl wE Aake Yuksn A%
acetylshe 717 47| 270 sollA] -4is}oie.

oMY Chg GL-41b2 2] =& U M|

71738 Qe 2kgell 100 ¥ o) HH4E 7))
33] ‘é-’?——"}‘-%ﬁ} % methanol 35, ethanol 3% 2
AL Zroied GL-2& 4 sbedch(Fig. 1). GL-
2= ofo]-& A& A Cetavlon (cetyltrimethyl ammon-
ium bromide)°. 2 Ag|s}e] o] 7t ulE 37 F
B(GL3, 4, -5)0 2 Helsiglen] o] opy 3y
8l GL-4-F DEAE-Sepharose CL-6B (CI' form) column
(4.0x25 cm)ol] F2A) ) & columnd 2F52 A
Hapo] vl FAEEGLANS Jiom 0.1, 02, 0.3,
0.4, 0.5, 1.0, 1.5 % 2.0M NaClZ &2 82AA
970e] 282 (GL4lla, bl, b2, ¢, d, ¢, f, g U h)S

3
w
i-N

odolct o] & 0.2M NaCl €% 27§ 3832 Z GL-4Ib
25 AAagAe] A5 98 Q-Sepharose (CL- form)

column (2.3x 15 cm)ell loading3}31 0.1, 0.2, 0.3, 0.4,
05 % 1.0M NaCl &80 8 &LZ=xXxHom (3M
NaCl-§-Hef| 4] 55 = F35 8 GL-4Ib2'E A3

GL-41Ib2'= t}A] 50 mM acetate buffer (pH 5.2)% 9§
& 3}l Bio-gel P-30 column (2.5 65 cm)& AR&-3}od
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The leaves of Panax ginseng C.A. Meyer

extracted with hot water, three times
lyophilized
GL-1
refluxed with methanol, five times
precipitated with five volumes of ethanol

Water-soluble crude polysaccharide (GL-2)

I treated with 8% Cetavien

f

I

Precipitate Supernatant
(GL-3) added 1% boric acid
adjusted to pH 8.8
[ I
Precipitate Supernatant
(GL-4) (GL-5)
| DEAE-Sepharose CL-6B (CI' form)
I |
Unabsorbed fraction Absorbed fraction
(GL-41) stepwise elution with NaCl
I [ | I I
01 M 02M 03 M 04 M 0.5~2.0 M
(GL-4I1a) (GL-41Ib1) (GL-4lIc) (GL-411d) (GL-4lle-h)
(GL-41Ib2)
QAE-Sepharose, stepwise elution with NaCl
Bio-gel P-30
Main fraction
(GL-4IIb2")

Fig. 1. Purification scheme of weakly acidic polysaccharide, GL-4IIb2’ from the leaves of Panax ginseng C.A. Meyer.

23 03 mL 522 4Col|¥] Aoz} 32018 7
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GL-4IIb2' & ¥ FRiA o] Bo]jt Fxjgo] 2k
oligod& frel A 717] $ls) A=A A 7123 E 8
sholct. ofuf ARg3t Ahe 2 FLA 2 sheE
3 A9 A7} £o|3 0.1 M TFAE o]8-3lgion,
ALz o A7 2A A o oligoe] £

7b gold 271& AA skt o] Al 2L oli-
goZe] AAde] golgk 2709 A4 HelxA, FalH
1 = 28 AA sk

BEaizbA 1: GL4AIb2'E 0.1 M TFAS]| -£all3}7 60
*Collr] 3027t Ajslsdet. o] 78l &S 50 mM
acetate buffer (pH SAZE #3315l Bio-gel P-10 column
(2.5% 65 cm)2 o] &, EA} FE(PA-1) & &=} F
+(PA-2)2 2 -2 ?SI%I—“I, o] & ot oligowd ¥

H

ul
=

22 7|dE= PA-2= 29A4-& 73 QAE-Sepha-
dex A-25 column (formate form, 1.2X 10 cm)S- ©]-8-3}
of %A% 5}sich. ¥ columne] FAH HE-L 0 M
2 1.0 M ammonium formate (pH 7)}8-d o8 rx F
ufoll 23] S-ZA|H T3 PA-2V} dojfon, &
A 5H AXE AH FEEHS 93T 52 A
shodct.

Bolabd 2 wajaby 14 el nEA H¥
PA-12 0.1 M TFA-8-] 0 & 40°Co|| 2] 2447} A 3} 7}
FH-afsled, U FA 4 Bio-gel P-6 column (2.5 X
65 cm)o. w2 AojFsigict. olw] Exlgo] M2 o}
370 33 PA-1-L, PA-1-I1 @ PA-1-IIE <38 2 glad
ory AE2} HE PA-I-IIE 29 o 5AA% 31

FzEA ol o] 43128},

Methy |3 440 o8t ZEtex| Y

tF A R W ooligowde] A A AL 913 meth-
yl3h= Hakomori ¥y whe} A A8}, 2} oped
2 methyl3} o]l 0.2 M NaOHE AlL2ojx] 247t
xe]3te] & esterd} 3}, HF-g

2% PB-eliminatione]
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oJupA] =& methyldt= gatenhs 85kt 1
2} o] ebAs] polyalkoxide 2 AHAEEZ, g
&t 7%~ methylsufinyl carbaniong x}e] A7}l
AbEek-2 triphenylmethane ©. 2. 3}2l3}9ic). Methyl3}
t}}-& Sep-Pak C cartridge s ©]-8-, 3]<3}gir}. o]
o ok AR Fo) AT ] 2YeAE St
7] ¢] & #] = tetrahydrofuran (THF)el| -8 1 M lithi-
um tetraborodeutride (Super deutride, Aldrich)yS- o]-§-,
carboxyl7| & d,& 2] dlo] HekEAL go]s}lA) %}
ot} 318 Kdo ¥ DhaE &3 9d4l= Yorks-9] o
H®o]| o] 3] NaBD.ol| 2] 3¢ &, methyl3} *]Zi\’%
Methylg th 2 oligo2- 1 M TFAZ 100°Cel| 4]
2417 7R 3, 2Y Y acetyld}t 23S A A par-
tially methylated alditol acetate 2 A3}3}o] GC 2 GC-
MSZ HAsledch. GC $41-& SP-2380 (0.2 um film,
0.25 mm i.d. X 30 m, Supelco) capillary columno] %=
= Hewlett-Packard 5890A GCE A}&3lo] 3
27[60°C (1 min), 60°C— 180°C (30°C/min), 180°C—>
250°C (1.5°C/min), 250°C (5 min)Jol|A] splitless injec-
tion mode® FA{slgion, d§H GC-MSE T
columns A% gk Hewlett-Packard 5890A GC system
7} 5970 mass selective detectorg o]-8-3}o] A%
Z7[60°C (1 min), 60°C— 150°C (30°C/min), 150°C—
250°C (1.5°C/min)]oll A ¥4 5ldrh(He % :0.5 mL/
min). Z} peak+= MSel] 23} fragment ion ¥-4{3} GC
9} relative retention time-2 23§ dle] FAslel on,
7t 5h2e] mole % peak P SEALED 2]
AbE kel e

AL

Methyl} oligosaccharide-alditol2] GC-MS &4

A7) v oz za%l methyl3} oligosaccharide-al-
ditol> #-&f & acetyls} A& AA|A] 4L A HER
BAe st A|EE SP-2380 capillary column
(0.2 um film, 0.25 mm i.d. x 15 pm, Supelco)g- #=H3H
9] GC-MS A} <]] on-column AVel] 2. 4] 8} 31 2|2
S X Z7[100°C (1 min), 100°C — 150°C (30°C/min), 150
°C—270°C (2°C/min)]o|A] 2] A7t} Methyl3} oli-
gosaccharide-alditol?] F-Z#42 Kochetkovs2] Hf
W]l 2] MS fragment ion [A, J & alditol(ald)]*2
FA 3l AA st

Nuclear magnetic resonance(NMR) &4
'H-NMR (300 MHz) #4312 A]§ 10 mg$- 0.5 mL2]
Z44(D,0)ol] &-3l35}le] Varian XL-300 spectrometer&
ol &3led YR 50°Col|A] Al A]5}eic}.

dat ¥ 1

MACICHo| 85t £ A
914tel (the leaves of Panax ginseng C.A. Meyer)2]
A2EE T FE HAg GL-4Ib2's= Bio-gel P-309]
ofgk Aoz} A, 3¢ dlgo] FA15)i= whel peak 1}
eyl o o] EADT} A peaks} AA|Fhs BA1S W
o] Frh(Fig. 2). =3t Asahipak GS-320+GS-220
columng )43 HPLCOME ©d peakE Hof F
Hom ZF pullulanEsd} v)w A3 A}, Bajek
12,0002.2 vebtoh(Fig. 2). GL-41b2' FA1 64.1
%, ALY 337% 9 vlake] TR 22%)% T4 o]
9l Lo acetyl”] & 0.82% FH-4-5H= oAk thedolod
t}. PA e fucose 4.0%, arabinose 9.1%, xylose 0.5
%, rhamnose 17.1%, mannose 1.4%, galactose 10.5 %,
glucose 1.6%, glucuronic acid 7.8% = galacturonic acid
25.2%2. % rhamnose$} galacturonic acid’} 53] ¥
H]%i = ¢] 9)+= rhamnogalacturonan®] U ZF o
27 59)th. w3k GL4Ib2ol) = aluba el AlE &
o] e £ A S oI 3
methylfucose, 2-methylxylose, apiose, aceric acid®} 2
s Aleteke] ol F9) Kdo & Dhag 7}7} 5.3%, 3.9
%, 4.4%, 1.7%, 6.9% = 0.5%2] v] &% F-F=o] al
dovl geby % 1558 AT olFolal 4
8] ARk chekel & 24 4 gk olel’h Sola
& 43 vhtEEe A3 =& o 24 Albersheim

GL-41ib2"
3l N\ePS
0

Tavd 18+5

05 |- Mclecular weight

Absorbance

0.00 1 4. | 4-
0 20 40 60 80 100

Fraction number

Fig. 2. Homogeneity of GL-4IIb2' on Bio-gel P-30 and
the molecular weight determination by HPLC. The col-
umn (2.5X 65 cm) of Bio-gel P-30 was eluted with 50 mM
acetate buffer (pH 5.2). HPLC was performed on a Shi-
madzu LC 6A instrument equipped with columns (0.76 X
50 cm, each) of Asahi-pak GS-320+GS-220 developed with
0.2 M sodium chloride. A molecular mass calibration curve
was made from the elution volumes of standard pullulans (P-
400, 200, 100, 50, 20, and 5). @—@: Total sugar (490 nm),
L—{J: Uronic acid (520 nm).
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ek PA2'= AR 4 A3 Rha®} Kdor} 7h7b
46.0% = 38.2%2] & v 7HAEHGeH, 71 9
vleke] ef A EE PR35t sldch(Table 1). Kdo=
Gram -4 4|12 lipopolysaccharideol] A4} 2t WA 5] =
e oedx] o™, 2T w52 E9] 13} AlE
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Fig. 3. Bio-gel P-10 (A) and QAE-Sephadex A-25 chro-
matography (B) of the products derived from GL-41Tb
2' by mild acid hydrolysis. Samples were applied to a
column (2.5X65 cm) of Bio-gel P-10 and eluted with 50
mM acetate buffer (pH 5.2). PA-2 fraction was rechromato-
graphed on the column (1.2X 10 cm) of QAE-Sephadex A-
25 and eluted with linear concentration gradient of 0.0-— 1.
0 M ammonium formate, pH 7.0. @—@®: Total sugar (490
nm), A—A: TBA-positive material (548 nm).

Table 1. Component sugars of PA-2' and PA-1-1II ob-
tained by sequential degradation of GL-4IIb2'

Mole %"
Component sugar
PA-2' PA-1-111?
2-Methyl-fucose 2 4.8
Rhamnose 46.0 37.6
Arabinose 3.2 4.8
Apiose - 12
Dha - 1.4
Kdo 38.2 30.8
Galactose+Galacturonic acid 5.7 124
Glucose+Glucuronic acid 7.0 49

"Component sugars of PA-2' and PA-1-II were analyzed by
alditol acetate method.

“Data of the minor component sugars, which were detected
less than 1.0%, were not shown.

INot detected.

PA-2'9] o]REL permethylated oligosaccharide-al-

ditolZ A A]7]7] $)8] NaBD.2 3 ¥, methyls}
sha BEafl oA glo] GC-MSE HA{3lglc). Fig. 4(A)
of|A] ¥i=n} ¢} zro] oF 95%0|Ale] B o| retention
time 25.028 7ol P peak® 2% =glod, o]
X Z permethylated oligosaccharide-alditol®] Z3}e} 1]
WEE S ul, PA27) o|FFU-E Akl Lol
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Fig. 4. Total ion chromatogram (A) and fragment ions
(B) on GC-MS of permethylated oligosaccharide-alditol
derived from PA-2'.

Chemical shift (p.p.m.}

Fig. 5. 'H-NMR spectra of the reduced product from
PA-2'. 'H-NMR spectra of reduced product from PA-2'
were recorded for solutions in D,0 with Varian X1.-300
spectrometer, at 300 MHz and 50°C. Arrowed peaks in-
clude anomeric and reporter groups.

t}. o] peak2] MS spectrum-2 Fig. 4(B)ollA] elyt
v}e} 7lo}, permethylated 6-deoxyhexosed 2|n|3l=
m/z 189 (bA,) ion¥} permethylated Kdo& =] s}i=
m/z 308 (a);)2] HEAQ] iono] ¥HHG 2w, PA-2
2] aJ, fragment7} m/z 368 ¢ x]el|lA] WA= G}, wit
m/z 162 peak?] &R} m/z 177 peak?] HAl & ¥,
Kdo: C4 $]x|7} obd C5 gx|ol|A] t}E 3 27| &
xgtele] 9l FEF 4 %o o] spectrax
Schmidt 5] W4 E. coli®] LPSellA] #2137t oli-
go3o] Fzo} Ax|sleict wik PA2E A AE
ghalalz] $1sbed methylst 2418 3Pk 2z}, v]skd
=it thamnopyranoside (Rhap) #4712} CS 9] 27} %1%+

Table 2. Glycosyl linkage composition of PA-2' obtain-
ed by partial acid hydrolysis of GL-4IIb2’
Position of Deduced
methyl glycosidic
group linkage
2-Methyl-xylose 3.4 2-Me-Xylf-(1— 4.2

pA-Z'”
(Mole %)”

Glycosyl
residue

Rhamnose 234 Rhap-(1—  43.2
24 —3)-Rhap-(1— 5.1
34 —2)-Rhap-(1— 0.8
Galactose 2.3.4.6 Galp-(1- 33
3.6. -2,3)-Galp-(1-— 2.6
Kdo 24.6.78 -»5)-Kdo  40.8

"Prereduced with NaBD4 before methylation.

“Calculated from the peak areas and molecular response fac-
tors of the each partially methylated alditol acetate in GC
and GC-MS.

290wkt Kdo 3717} 247 43.2% 2 40.8 % (2%
1o & ¥E R FEE A cH(Table 2). o]z]gt AM4
2 ] PA-2% Rhap-(1—5)-Kdo?| o]urels o
Agich gk g1 A17] PA-2'E iAo 2 'H-NMR
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Fig. 6. Bio-gel P-6 chromatography of the products
derived from PA-1 by partial acid hydrolysis. Samples
were applied to a column (2.5X65 cm) of Bio-gel P-6
and eluted with 50 mM acetate buffer (pH 5.2). @—@:
Total sugar (490 nm), ({7 Uronic acid (520 nm), A—A:
TBA-positive material (548 nm).

(A) 1P
i
L
w .
‘6 175
i \ 2P m ~24
10 20 30 60 70 80
Retention time (mln)
(B) S-linked
Dha-ol-2-d
8 . 162
E ' Araresidue ppo 1o o
g bA, al,
E /175 278
< [ /
T O S UL OV ok U T
150 200 250 300 350 400 450
miz

Fig. 7. Total ion chromatogram (A) on GC-MS of per-
methylated oligosaccharide-alditols derived from PA-1-
III and fragment ions (B) of the peaks, 2P and 3P.
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