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Glycosyl-linkages of Acid Soluble Polysaccharide from
Green Laver, Enteromorpha prolifera
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Green laver, Enferomorpha prolifera, is regarded as one of important materials for food processing in Korea. The acidic water-soluble
polysaccharide (CPC-PS) isolated from the alga with hot water and cetylpyridium chloride was mainly constituted of rhamnose,
xylose, uronic acid and sulfate. To determine the glycosyl-linkages and positions of sulfate by methylation, the CPC-PS was reduced
and/or sulfated. A marked increase of glucose content in the reduced polysaccharide indicated that glucuronic acid was a major sugar
in the polymer and sulfation was deduced to occur on (-3 of rhamnose and O-2 of xylose. According to the methylation analysis
of the native, reduced, desulfated and reduced-desulfated polymers, CPC-PS mainly composed of 1,4- and 1,23-linked rhamnose
3-sulfate, 1,4-linked xylose 2-sulfate, 1,4-linked xylose and 1,4-linked glucuronic acid. Minor 1,4-linked rhamnose and 1,4,6-linked

galactose residues were also detected.
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ge] (Ulva sp)9 2 549 3ve §4 423= 99 &
A7 FHE IS O F FHL UL, o] FE4 Y b
FUAME EdfA A F&F FEHAo] Sarcoma-180 cello] o
3 FgAad R "AgAol gt BaE v AU (Lee et al,
1992).
gado F Holdf, 744 HolAdfF, BEA HoldRY #F
e AL V1Fo2 747 298%, 165%, 133% )L, o] ££4 4o
Afe F2 7S $FS glucuronorhamnoxyloglycan o 2
TS don, Fa7|sr S840 44 20% % 21% FE T
¥]o} 91tk (Percival and Wold, 1963; Lahaye, 1991; Ray and La-
haye, 1995). 18] X, Percival and McDowell (1967)& 3}eofA
# 2 rhamnose, xylose, glucose, glucuronic acid$t #4712 +4
so] Qe #4844 A4 tdFE FE393, -D-glucuronic acid-1,
4-L-thamnose’t F 72T 92 B3¢ th Ray and Lahaye
(1995)€ Ulva rigidaZ%8 &% 43 A ¥ methylation
go #4717F 039 Z¥ ¥, terminal, 14, 124— 2 ¥ rham-
nose, 3347171 020 AR 14— AT xylose 1| 14, ter-
minal A% E glucuronic acidg& ¥ FAHIAY. o] 2L F29
B34 g e Aol o9 EFs] did B gL
Tz % A7t Yasdirh w3 g HrivHeE FTFE
o} ZAd 2HF 4BA] Yo dFe 72 A7 AHFE
717 d78w ohel e A& o4 ¢ Fo3c B
Ao e AR (Choi et al, 20020914 7HA g2 RE F&3

o]
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44 24 9% (CPC-PS)E A8Z 39 3%H Aelg ¢ ¥
FAY S4& zARIA.

Hidd

e L e

N o=
AR (Choi et al, 2002)0N A 283 7lA o 84 A4
o3 (CPC-PS)S AEE A3

CHehol 35ty 4

g2 84 4 3 #4719 2 94 a3 AR A%
TZE Zolys] Y3A CPC-PSE 7IAZ 7] AAY &84
#de Hd O3y 7 AAE Nagasawa et al. (1977) %
Inoue and Nagasawa (1976)¢] "}l we}t methanol/dimethyl
sulfoxide (DMSO)Z #4}7]€ AA3Ah CPC-PS 600 mgs &
F9 F75 5 Dowex S0W (X-8, H* form, 50~ 100 mesh)
2 349 298¢ FHANY F £eldE pyridinee 2 F3, 2
A28 pyridinium¥ (622 mg)e2 HEA. o] pyridinium$
9 10% methanolS 3 DMSO 60 mLE 7132 100C, 243
7H4% g5 % FHFE d43% 9. 282 0.1 M NaOHE
7kete] pHE 9.142 23 E ¥ §4, ¥5, 4 Azsd FWNE
AATGAL, 9 2FAE @9 o WESY 332 mg (35E: 553%,
dry basis) ¢ #8471 AA (CPC-PS-D) A58 & A3t} CPC-PS
% CPC-PS-DY #YAHE+= York et al. (1985)F} Taylor and
Conrad (1972)9] ¥Wel <jste] EA3}AY. &, A& 25mgs
deuterium oxidedl %< F 250 mg®l 1-cyclohexyl-3-(2-morpholi-
noethyl) -carbodimidemetho-p-toluenesulfonate (Sigma Co., USA)
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€ 7132 01 M HCI49Y (HCl 9942 348 d D0 H44
01MZ ZA) o2 pHE 4758 FA Y 1417 ¥ NaBD. &4
(D,0 SmLel NaBD, 800 mge ¥ €9)& HAE 713dA
20M HCIE-9 (0.1M HCl 943 5Y3A 2422 pHE 70
22 #A3HA NaBD, €4 o 7he ¥ 3082 o whgAI 7
NaBD, §94& 718 o AFo] Y722 octanolS 2~3W& S
7batAt pH 4002 A5y §48 U3 &% B4 5%
g F 52 AZ3Y 24~31mg (58 97~123%, diy basis)
&4 #9 (CPC-PS-R, CPC-PS-D/R) A8 & dUrh

Clee| methylation

0% g 38H 428 ARY methylation® Harris et al
(1984) 3 Carpita and Shea (1987)9) ol ofdte] EXaqe,
A8 5mgs teflon-lined F7°] & AlE#] Hsx DMSOE
7haiA 50Tl Al B3-S %% o] Al &) 25M butyl-
lithium solution (in hexane)& 7}3t3L 40TA 17t ¥HEAIA
hydroxyl7l€ polyalkoxide ¢] &2 2 A&AIZ ¥ o WIs g
th WZ4E 49L jodomethane® E methylationAlH T 34 o]
%< CPC-PSS} CPC-PS-R Stevenson and Furneaux (1991)¢]
Wid wet t3E triethylammonium salte] )2 AFA ¥
methylation A Zch. Methylation 2171 ©3& 2M TFAE 120C
oA 7583 ZheEAdd T 12l 026 M sodium borodeute-
ride§ 4 7Fet3 40Tol A 9% EU& Kl H99) borodeu-
teride™ acetic acid glacial& 7h3te] whg-& FAA)711 40C F
712 AzAZAYG. 18I methanole 713td I F AZAA
ZHESE borate AA FFE 24 ¢f BEIARY, 7l € 3
< acetic anhydride$} pyridine$ 7}3}3 mut ¥ 120Co|A 208
7+ acetylationA] AM GC/MSD (HP 5973, USA)Z EX3 ¢t
Partially O-methylated alditol acetate®] ¥4 Supelco SP-2330
(025 mm LD.X60m, film thickness 02 um) ZHE 418 GC/
MSDZ 160C —210C (2€/min), 210C - 240T (5C/min), 240C
(10min) & & 434 2} peak? retention time? mass spec-
tume §A3e] FHIAL FFE A9 22 2HAN A7
FUT % 22719 2EE 240C2 8o FID (GC HP 6890) 2
A&3o M3 HHE T8 F response factor (Sweet et al., 1975)
£ o489 mol %2 YeERIAT

Cetel stety =4 24

529 e glucoseE standardZ AHE3H4 phenol-sulphuric
acidy (Dubois et at, 1956)2.2 ZRs gz, dHde] e
Lowry¥ (Lowry et al, 1951)9] we} standard2 bovine serum
albumin (Sigma Co., USA)& At&3ta] FaFstgot. #4719 &
F& Dodgson and Price (1962)9] o we} 233 8
Are] ##2 Knutson and Jeanes (1968)9] el wa} 2343
%ok 2] 3 gas chromatographyol 93 74% 24 £4L Fu-
reneaux et al. (1990)¢] #W¥eol wekA GC (HP 6890, USA) 2
A3

23 3 13

Cigtel Sar 4
dae $24 54 2 34719 2% 9% 191 §EY 7

28 Tohusl AN $44 44 B CPC-PSE F47) A

A% $B4E BAE D) BHH 24 Table 13} 2o

Table 1. Chemical composition of CPC-PS and its chemical
modified polysaccharide (%, dry basis)

Uronic  Total Sugar composition”
acid  sugar Rhm Xyl Man Gal Gl

CPC-P§ A8 31 195 28 716 208 -¥ 27 49
CPC-PS-D” 01 24 236 814 713 208 - 18 6l
CPC-PS-R®? 170 33 28 607 540 141 - 23 297
CPC-PS-DRY 05 32 43 T2 %63 139 - 22 27

" Desulfation treatment.

2 Reducing treatment.

¥ Desulation and reducing treatment.

9 Calculated from GC analysis, considering the total amounts
under the five monosaccharides as 100%.

9 Not detected.

Sample Sulfate Protein

B34/ AA MHOZE autodesulfation® methanolic-HC1 ¥
¥ 5ol lou methanol/DMSOE ol &3 Wiol dule de-
polymerization® F7Z¢ W37t A3 FA7% AAHY £
gE ol vE JuF o2 £&o] Fon Fi77 2o A
5 7] wgo o] A8 (Percival and Wold, 1963; Nagasawa
et al, 1977; Inoue and Nagasawa, 1976). CPC-PSE 7IA 1 &
271 A (CPC-PS-D) M€ 2¥ 3 AE 9 &2 553% A1,
BA719] L 218% A4 0.1% 2 FA77L A AAHYL S ¢
& 99t zela Jddeg i 99 ko] A%y F7t
9 8 AT 242 xylose’} 208%, thamnose?t 713%
283 glucosed] FFol 6.1% 2 20L& 1:3.1:02%82H, CPC
-PS9] Eul & 1:31:028 7 729 & wsigle] F477t Al
AHAEE & AU (Choi et al, 2002).

Fig. 1& CPC-PSE ¥4 Astd GCE #A ¢ a2 EaY
oltt, CPC-PSE #4AF 3L W F&L 97~127% % 2H,
S B FFol 195% A 28% 2 &) LYY L ¢ F
A, o] FYE dFE GC2 EA}YL ), glucosed] ol
49% X 297% 2 F718te CPC-PS W9 $&4HE glucuronic
acidd & & & ANk 223 gE 7FAHTZY 2AHL 4T T
stAcH, ol glucosed ¥FY F7lo] wE FdFs giAzE
Bold, deln B4l @3] 170%2 A GAZRY 5§
gL 2 F34718 5 rhamnose, xylose, glucuronic acid 2
TAE Bg9s B9Fa It ol 7€YY U rigida2 %8 F
%% sulfated glucuronorhamnoxyloglycan$} Atk zkol7h §191
Y (Ray and Lahaye, 1995a).

cigel 2z
g3 2F A3g AN Qs AR £4¢ @ ¥
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Table 2, Methylation analysis of chemical modified polysaccharide

Methylated Mol % Major mass spectral fragment ions (m/z)

SUgarS” CPC-PS CPC-PS-D CPC-PS-R CPC-PS-D/R ! pe £
2,3,4-Me-Rhm 57 11.5 46 7.0 175, 162, 131, 118, 115, 102, 89, 72
2,3-Me-Rhm 54 425 44 28.0 247, 203, 162, 143, 118, 102, 87
2-Me-Rhm 370 1.1 317 1.1 275, 173, 160, 129, 118, 99, 87
3-Me-Rhm tr® 149 tr 12.3 234, 203, 190, 161, 143, 130, 118, 101, 88
Rhm 17.6 tr 143 30 303, 290, 231, 218, 201, 188, 171, 157, 129, 115
2,3-Me-Xyl 12.8 20.5 8.6 11.0 189, 162, 129, 118, 102, 87
3-Me-Xyl 9.3 1.6 77 54 190, 189, 130, 129, 88, 87
Xyl tr tr 2.1 21 290, 289, 218, 217, 201, 188, 187, 159, 145, 128
2.3,6-Mé-GIcUA? tr 1.8 17.5 19.1 279, 235, 175, 162, 144, 129, 118, 102, 87, 47
2,3,4-Me-Glc 42 50 20 89 233, 189, 173, 162, 129, 118, 102, 99, 87
Glc 2.7 tr 24 1.6 290, 289, 260, 218, 187, 171, 157, 145, 128, 115
2,4,6-Me-Gal tr tr 1.1 tr 271, 234, 217, 174, 161, 129, 118, 101, 87
2,3-Me-Gal 39 tr 35 tr 261, 201, 187, 159, 142, 127, 118, 102, 85
3-Me-Gal tr tr tr tr 261, 201, 190, 159, 130, 127, 115, 99, 88

D2,34-Me-Rhm: 1,5-di-O-acetyl-(1-deuterio)-2,34-tri-O-methyl thamnitol etc.
22,3,6-Me-GlcUA: 14,5-tri-O-acetyl-(1,6,6-tri deuterio)-2,3,6-O-methyl glucitol.

Y 00% <tr<1.0%.

(1)

!
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Fig. 1. GC chromatogram of CPC-PS (1) and reduced polysaccharidel CPC-PS-R,(2)].
A: Rhamnose; B: Xylose; C: Glucose; D: myo-Inositol

methylation #4& #3%ch Fig. 2= CPC-PS-RY total ion ch-
romatography (TIC)°lL, Fig. 3& F8& A% 14,5-tr-O-acetyl-
(1,6,6-tri-deuterio)-2,3,6-O-methyl glucitol®] mass spectrum®|tt,

5 E 2-Me-Rhm 37.0 mol%), Rhm (17.6 mol%), 23-Me-Xy!
(128 mol%), 3-Me-Xyl (93 mol%) €22 #FFol EXT F,
thamnose® F2 134— A%, 1234-2% 22 dZH YU,
xyloses 14-2¢, 124-2¢o2 dFHY Y& ¢ F A
Atk 22X terminal, 14— 2% rhamnose, 16— 2HE glu-
cose, 1,46~ A H galactose® &% FAHUL

e #4718 AARAUES 9@ 2-Me-Rhm$ Rhmd] &30l
Za% B 23-Me-Rhm$} 3-Me-Rhm¢l #%& F2 F7H8A

I, 234Me-Rhmd #F% A% Z71319 o€ rhamnosed
C-39) F2 it 28 € ¢ F AW Xyloser 3-
Me-Xyl9] #3Fo] ZaddA 23-Me-Xyld BFol F713t xy-
lose® C-20] #4717} A%s o USS ¢ 4 A $47] A
A A2F EATE B8 §lo) FA77F AAFIAGE, 2-Me-
Rhm® 370mol% A%7} 23-Me-Rhm (425mol%)2 AFH I,
RhimE gA] 8% 3-Me-RhmZ A3 thamnose C-39 F
2 34717 AfE Lo FAGL 2R & A2 gt *
& xylose® 9A] 3-Me-xyl B37} 23-Me-xyl2 HEHo] xylose
C-290 #4717 A¥E o o] FAFLEZE F YAFL Yt
g2 #dAESAE oA 23,6Me-GlcUAY &l 0.7 mol%
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Fig. 2. Total ion chromatogram of the partially methylated alditol acetates from CPC-PS-R.

A: 234-Me-Rhm, B: 2,3-Me-Rhm, C: 2-Me-Rhm,

F: Rhm,
K: Xyl, L: 2,3-Me-Gal,
1318 b
so000{ 43 WXLUHE D OAc
102- 162 MeO €.
25000 x HC -0OAc

DC OMe 47
D

20000

15000

235

10000
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ml 11; 191 206 fl 279
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Fig. 3. Mass spectrum of 1,4,5-tri-O-acetyl-(1,6,6-tri
-deuterio)-2,3,6-O-methyl glucitol.

oA 175mol% 2 F7tstgon, R g FEo] HuFe
2 ZrAaste dae $EAL gi¥Eo] 14-FAF0 2 o]FolR
glucuronic acid¥d-& HU¥ & AUTh

F, Mg 2R 358 £44 44 039 F 72E 29
B, C-39 #4717 Z¥E 14+, 124-thamnose, C-200 347
7v A3 14-xylose, 1,4-xylose, 281 14-glucuronic acidE ¥
4894 2gdn v 14-thamnose, 16-glucose, 1,4,6-galac-
tose™ 2 =it}

Ray and Lahaye (1995b)€ U. rigida2 %€ &% £84 t}

¥ methylation £A34& o #7171 C-20) AEE 14—
9 xylose, #4717} C-39 Z#4E 14 124—-ZE ¥ rthamnose,
2832 14 terminal 2 H glucuronic acidE #2391, Med-
gealf et al. (1972)& 13— 2% ¥ glucuronic acid, 1234—2¢ €
thamnose, 14— 2% 8 xyloseE £Estgion, & 483 vz
o 79 AdAe sgdgen, ARTEe 25 9yE
A Ho g F (species)vheh %t 2{+Z Aol7t Y
& JERf 3 g,

G: 2,4,6-Me-Gal, H: 2,3,6-Me-GIcUA 1 : 3-Me-Xyl,
M 3-Me-Gal,

D: 2,3-Me-Xyl, E: 3-Me-Rhm,
J: 2,3,4-Me-Glc,
N: Glc, O: myo-inositol-(OAc)s
e ot

FhelA G HE A g F 2F FE A7 Y5y
ZAA e #8444 g Fi] AA 2 S8 94
38 # ¥ methylationstd GC/MSDE £4¢ &t

A gt e) #8444 b3 S84 YEE9] glucuronic
acid o0, F2 #4718 5T rhamnose, xylose, glucuronic
acidZ o] FojR tiFol At o] 84 A4 TS 33 F4
# F GCMSDE ¥4A #47]= rthamnosed] C-3% xyloses]
C-29) A¥HO Q9len F A¥FRE C-39 F7 B
14, 124— 2% ¥ rhamnose, C-290 #4477} A8 14-2¢ 9
xylose, 1,4—ZA¥€ xylose, 18] 14—-Z2HE glucuronic acid$]
o 283 9% vF 14-Z2¢E rhamnose, 146— 2 #E ga-
lactose™ ¥ H ATt

g A7E 2AUGT 4% d749 9% Add 5
Fq5gom, ol FA=FU,

4 1
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