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Extraction of Glycosaminoglycan from Sea Hare, Aplysia kurodai, and Its Functional
Properties 2. Structural Properties of Purified Glycosaminoglycan

Bo-Yeong Yoon', Byeong Dai Choi', Dong-Won Bae® and Yeung Joon Choi'”

JDept. of Seatood Science and Technology/Institute of Marine Industry,

Gyeongsang National University, Gyeongnam 650-160, Korea

“Central Instrument F. acility, Gyeongsang National University, Gyeongnam 660-701, Korea

Abstract

Glycosaminoglycan (GAG) was purified from polysaccharide extracted from sea hare muscle on DEAE-
Sepharose column and investigated for the functional groups, distribution of sugars, composition of disaccharide
and structure of GAG. Purified GAG was composed of disaccharide above 55% of total sugar. Purified GAG
showed amide I peak in 1648/cm and C-O stretch peak as properties of carbohydrate, amino acid peak in 1457/cm,
and peak in 866/cm as properties of monosaccharide by FT-IR. Fucose, N-acetylgalactosamine, N-acetylglu-
cosamine, glucose, galactose, mannose and xylose were found in MALDI-TOF MS/MS spectra of hydrolysates
by chondroitin sulfate ABC lyase and heparanase I. Purified GAG was expected to be heparan sulfate including
N-acetylgalactosamine and N-acetylglucosamine above 70% of total sugar. The structure of GAG was supposed

as GlyUA(2S)-GIcNS and GlyUA-GIcNS(6S) with O-linkage on protein core.
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GAGO = hyaluronic acid, chondroitin sulfate, dermatan
sulfate, heparin/heparan sulfate®} keratan sulfate S5°] 1
tH3). Hyaluronic acidg A|¢|§ GAGE B dze &
Z2H IO Z EASHH, S0 7|7F B2 chondroitin
sulfate, keratan sulfate(32= dermatan sulfate)®] ZE=Z 9]
Bl (chondroitin family)®} 3l 3 &+ (heparin family)& 2
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acetylglucosamine?] 32 o] peptide chain®] Asn
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(Applied Biosystems, Forster, CA, USA)S A3} pos-
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Z71& 2F30] syringe direction injection ¥ 9 2 Q1 scan
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kS,

DEdp_|. al

st CtetRel &4
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peake= T4 OHEH FoA @@/7F 2o F3shA &3
|EHH, o]Fo &&= F peaks= GAGS &% peak?!
RogZ FAH3ATE GAGY A& EZAR] uronic acid9t
hexosamine ¥&& S 247 4A 2 &5 FHS ¢
X8} 3ol A uronic acid®} hexosamine©| &%= A
S FAFA Y. HHE-E 9 uronic acide GAGS ZZ2H L F
ZZroll A FAATH33). GAG A X EZ S AFEStY 4 &
AolA FE3 OFF9 o5 HAAEY hexuronic acide}
hexosamine®] &S &4 A7 (Table 1), oFv| =<
A2 2H4-3}= hexuronic acid &S Ud FE2E9 F$¢
1.0+0.0 g/100 gol A3 FAE2] Hol= 6.0+0.2 g/100
golAth GAGE T3 Ave=E ¥ t&E AR EZLY
hexosamine®d] & 3k F FE2EA 56+0.2 g/100 g2
S Ueiien e 4folls 2574113 g/100 g
2A 43 2L S EA.

G450y E5FOFE GAGE F91% A3 (Table 1), &
& g8 FEEAA AAT S IZA =287 chon-
droitin sulfate ABC lyaseE ©]&3) 7}&3) & 43 4
T} o|FFO T 221417 g/100 g & 22% °o14S T

0.7
—e— Hexosamine 525 nm

0.6 —— Uronic acid 520 nm

—=— Total sugar 490 nm
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Fraction Number

Fig. 1. Chromatogram of polysaccharide from sea hare mus—
cle on DEAE-Sepharose fast flow. The constituents were elut—
ed with linear gradient between 0~2 M NaCl containing 0.5 M
sodium phosphate buffer (pH 6.0) at a flow rate of 1 mL/min.
Fraction was collected with 5 mL in number 1 to 12 and with
2 mL in from 13 to 26. Total carbohydrates, uronic acid, hexos—
amines were assayed by the phenol-sulfuric method, MBTH and
the carbazole reaction, respectively.
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Table 1. Hexuronic acid, hexosamine and disaccharide con-
tents in polysaccharide extract (ASE) and purified glyco-
saminoglycan (ASF) (unit: g/100 g)

Wy

Hexuronic acid Hexosamine Disaccharide

ASE 1.0+0.0 56+0.2 -
ASF 6.0-0.2 25.7+1.3 -
ASF csV - - 221+1.7
ASF HP? - - 36.1+25

4”ASF CS was treated by chondroitin sulfate lyase ABC.
YASF HPI was treated by heparinase I.

3l e AR L‘rE‘r"L_Tl, heparinase I ©]-&3l 7}4=53)

=43 Ax olg-F{o] o] 361+25 g/100 g&
36% ol’& %J‘?rfﬂ'i A= Z\QE UEstth o] 2
TR SH7E AA

d= F 5% 0] Fel s Yulets Ao R A=

T Fo=E wFo] Ho}
GdEdoH, XFE E vug o FHES
heparan sulfate$! 7,‘\423 A 1, A AZvETHY
Aol A ExLES 296 kDal 2 &5 A TH33).

FT-IRO|| 2f&t 715719 =l

Haparan ¥ %29 FT-IR &2HE#-& 3459.83, 1628.48,
1235.63, 1024.95, 994.43 cm 'o|A & peakE H PO,
142352, 1148.36, 819.50, 620.36 % 585.60 cm "ol X & 3t
3719] peakES Ve wHH Aol A A E GAGE 345591,
1648.03, 108352, 530.61 cm ' Al & peakZ, 984.04 cm ol
A F3F 3719 peakE 22 JER T A ATHFig. 2).

Sld golo] X 1652 cm = amide 1, 16883} 1638 cm
= U %39 antiparallel B-sheetE YJERN M, 1644 cm '&=
7229 722 WrdFTH34). 1663~1630 cm '] FIe B
9] HOH bending® F -5+ amide I band®] E#o|H,
1148 cm ' B431% 1738 em & A4, 3100 cm (G =
obe)z} 3300 cm (Y =Fo}bl + o] o}yl >-°— 7t7} amide-N
o gl d-No| A EE AHE F ok 283 &0 em ' B
9] peak= glucose, galactose, mannose2] C-O-C skeletal
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Fig. 2. FT-IR spectrum of heparan sulfate (A) and purified
glycosaminoglycan (B) from sea hare muscle.
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Fig. 3. Saccharides and amino saccharides constituents of
purified glycosaminoglycan from sea hare muscle by Bio-LC
(HPAEC-PAD system). The saccharides were eluted by 16 mM
NaOH at a flow rate of 1 mL/min.
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Hkd S TH35). B A3 A3 FAF GAGE 1648 cm "ol A
amide 19] £ 22 w9} 1457 cm ‘ol 4] C-O stretch, &
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glucosamine, glucose, galactose, ¥]#2] mannose®} xylose
2 FAHY Jdev Ao E Yy i(Fig. 3), o]FdA N-
acetylgalactosamine, N-acetylglucosamine®] 70% ©]4<
2t A3 3 EFALS FAT 4 AT GAGE glu-
cose, galactose, N-acetyl-galactosamine, N-acetyl-glu—
cosamine, mannose, xylose 2.2 AZ = o] AEA Nl A
proteoglycan®] FE| = &3} (36), +ZE st AT
EAES MES 48] H8) FAE B4 H4HQ &
Eolth FAT BT Z GAGY 724 e Elss)
U g'R, 2 B otne' o] EX) 55 Fa GAGQ
EAl AFE AGE F U3, o] ARE EQE T4 o|F
£ 9ed = AoHE, 54 GAGYT oW FEE ZA EH’E}
oA EAEE JA=AE gold F A3, ol AEA el
Al o]FolA = T GAGS] tAtAA e tigh o] = o]ofA]
I 71548 88 F e WIS AXE = S JA B
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AAE GAGY °o|FFE E43+ A3} (Fig. 4), heparinase
S AFE3)F Fig. 4(A)E heparin/heparan sulfate ©]| 3 kit
9] AMGlyUA—4GIcNS(6S) ¢} ] 8F= 358 tholl A peak”}
£25 22, chondroitin sulfate ABC lyaseZ AF&3F Fig.
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Fig. 4. SAX-HPLC analysis of heparin/heparan sulfate dis-
accharides produced by enzymatic depolymerization. The col-
umn was eluted by deionized water with a linear gradient of 2
M NaCl at pH 3.5. The eluent was monitored at 232 nm. Capital
letters indicate the purified glycosaminoglycan treated by hep-—
arinase I (A), by chondroitin sulfate ABC lyase (B); disaccharides
kit: AGlyUA—4GIcNS(6S) (C) and disaccharides kit: A4GlyUA
(25)—4GIcNS (D).
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4(B)+= heparin/heparan sulfate disaccharide kit®] A4GlyUA
(25)—4GIcNS &} d %]} 36 ol A peak”} &&= A
S A 5 AT o] 2 Aol v]Fo] AT GAGE
heparan sulfate® FA33FA T 1831 2714 FE) 2] heparan
sulfate”7t SHF o2 A3l AA FAES 5L Ast] A
7199% 3 27(33)% 2719 band} YAsh= AHE A
o} wegb A A Z GAGZ} heparan sulfated 7} A A
A=
Rk Mo 95t cho| =

Heparan ADi-OS, heparan ADi-NS, heparan ADi-6S,
heparan ADi-di(U,N)S, heparan ADi-tri(U,6N)SE X F&E
AZ A3}, chondroitin sulfate ABC lyase$; he-
parinase IE °|&3le] s & A7 4% 47 (Fig.
5A), AAE GAGE chondroitin sulfate ABCE 7}4=33]
A% ~"HEZqAM= Thr(1189), GlcA(176.90), GleNAc
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Fig. 5. MS spectra of chondroitin sulfate ABC lyase hydrolysate (A) and heparanase I hydrolysate (B) of purified glyco-

saminoglycan from sea hare muscle.
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Fig. 6. The supposed structure of disaccharide in purified
glycosaminoglycan from sea hare muscle.

(220.9), glucuronic acid-2-N-acetyl-glucosamic acid(261.0),
NeuAc(309.3), GIeNS(318.9)E &&= U1 °-™, hepa-
ranase [2 7hedaf gt A £4 2H EQ(Fig. 5B) oA =
22 dge] EAS I F ATk o] 22 AHE v)F
o] ¥4 GAGE @9 d 39 threonine F7]o O-AZ4H
GIyUA(2S)-GIcNS ¢} GlyUA-GIcNS(6S) F+2E 7FA| 3L
A+S gl (Fig. 6).
e <o

T2 F&3 g FEZ3E DEAE-Sepharose %ol
A glycosaminoglycan(GAG)S A A3t 75719 ¥,
TAZY X, o|FFY Y T FERE ZAEIAT B
A GAGE 718 BeE F43te olgdR @7 AA 74
E F 55% o) AAE A e o EA A A A
GAGE 1648 cm "o 4] amide 19] 5421 w9} 1457 cm'’
oA C-O stretch, B58HE 2 o] =21o] 54 866 cm ‘ol
A ggFY EAS Hole AL YETh BAIS GAG
= fucose, N-acetylgalactosamine, N-acetylglucosamine,
glucose, galactose, 7] #<2] mannose$} xyloseZ 43 5 o]
J= Ao Z Yelyga, o]F oA N-acetylgalactosamine,
N-acetylglucosamine®] 70% ©]A& X} A|3}= v &84
] heparan sulfate?l Ao & FAHLJTH F4& GAGE T
A3 9] threonine ZH7]1e] O-AZAH GlyUA(2S)-GIcNS<}
GlyUA-GIeNS(6S) 725 7HAaL e A2 yeist.
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o
N
of
M\

dAe| 2
o] &2 20089 % FH(AFH3}T|ET) AAo R g

ATAGe] A g ol =3 E 712 A4 A (No. KRF-

2008-313-F00089).
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