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Utilization of Pigments and Tunic Components of Ascidian
as an Improved Feed Aids for Aquaculture

2. Chemical Properties of Sulfated Polysaccharides in
Ascidian (Halocynthia roretzi) Tunic
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Components of polysaccharides isolated from ascidian tunic were measuerd by gel filtration, electrophoresis and chemical analyses.
The sulfated polysaccharides consisted in sulfate, protein, uronic acid and amino sugars. Hexosamines were composed of arabinose,
xylose, glucose, galactose, glucuronic acid, N-acetylgalactosamine and N-acetylglucosamine by gas chromatography analysis. The
galactose was predominant hexose after autoclave and nutrase digestion followed by DEAE-cellulose ion exchange chromatography
and gel-permeation chromatography on Sephadex G-100 and G-25. FT-IR spectra of isolated polysaccharides from ascidian tunic
and standard chondroitin sulfates have similar functional groups of the type of vibration and frequency. Molecular weight of isolated
polysaccharides by autoclave represented more than 40 kDa by polyacrylamide gel electrophoresis. But the neutrase treatment group
divided into three band. The highest molecular band group was shown more than 100 kDa, and the two low molecular band group
were shown about 22 kDa and 5 kDa, respectively, compare to standard materials.
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A 2 Ao ZATE dFEoks N-948 348 FUI N-7
4 Hetol=9] eGP N-HZY A APt AR
o2 AdAd de] £33 o 2 FHE e o o QYHEHS W S FHE FHHLR Ve I
F3 Aoz gA gtk 53] sxFot carrageenanoly} fu- 22X JH5AE BREE A7, FotEaY A7MAYGA [gGY
coidan®] HElZ ZAI3te galactoset} fucose’t FAto] & #F  galactose’t AAR (agalactosylated) Fele 2 dEze AY
g 722 Hol doh (Larsen et al, 1970). AF 520 slolle & fEdte] B AL JAPAI 22 o] F A/ AR AT F
TY 2AAY BHE FE%E HAE L2 serine®) Y} threonined o] A #d A72 2 H9E stz U (Hele-
2 opm At glucose, galactose °] AHE FXRE JHAH nius and Aebi, 2001; Rudd et al, 2001).
sulfated glycosaminoglycans HB1E &} &t Nakazawa et al $#4¢] (Halocynthia roretzi) ¥ FAL g YHZRH
(1979)& iz 45 FE 2N FTIEAH AT &L 4 Bagide AdA 79 #7715 ARG @ + d2u
ohR% 2, Li and Lian (1988)& 34} (Stichopus japonicus) % 4] dzge da Aozt Aok $3 Y] FAde Fdo] £EHo
4% $Hd Fao90o] He A HAY d2F (acidic muco- YL F#o] flv F (B)olgxE AL T3 Fdo] oJF3HA
polysaccharide) & F&3A2™, Okutani (197)€ 240 #E  sHu, £F Ao} e AX7} EAdte I+ Ao dgf ¥
oA doBdE £33 sarcoma- 180°ﬂ g SATHE 24 o)y HAY A Bl FA AT (PR, 1977). Pavao et al.
3o} FAAE UG 1 9 AT FEY L, FEAM (1989l <j3td B 79 WAF A9 W A48 F7Y 3
23, ASHEY X (synoviocyte) o] AAYAL AFaH 5 Akdo] EA3iM Fof whet T FF 2 I8 SA Zort &
g 714 AYPEA S JEEZ SGMERZEE Fuadde 3 OR 3o YARFE o] &F FAUT GF YL ZA HU
A7) g A7 $4e) FYPs o gets & dreMe 2 2 AgAe] e e #ag
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7o) 1ol &9 dfoz HAB (Lee et al, 1998a)¢] olo] -8
dol PRANA B Fadde 3y EFJE wy 1 &4
€ zAE Y.

ME L Wy

]

¥ AR AL Rl AT TS AR (Lee et al,
19982) 8 £& WYoz At FA.

M7, #ME=Z0[€l, Uronic acid ¥ ZAE 24
24719 §%-& Dodgson and Price (1962)9] W} e} =
AaQx, Fezoldy Fae NAZFY (Yabe et al, 1987)2
2 24891, uronic acid F% & Knutson and Jeanes (1968) 9]
o] wel 2R, 2429 4L Chaplin (19829 ¥
ol wheh AH (Lee et al, 1998b) 9} 2ol B3}

M7|19E U FT-IR 24

gattide] A719%L Albano and Paulo (1983)9] S Ed)
2 39 polyacrylamide gel 7195 & 3t & <& 100 pgol
ARE 6~10% 9 polyacrylamide gel F=Z 3o} 900 mM Tris/
900 mM boric acid/24 mM EDTA (pH 8.3) buffer 2 100V, o
308 FE GEANATG 9F F 01% alcian blue 8GX/acetic
acidZ2 983%F 1% actic acid2 BH3Hon, AH&d FEFHFL
dextran sulfate (M.W.: 500,000 10,000), chondroitin A (M.W..
47,000) chondroitin B (M.W.:20,000) ¢} =}, Fourier Transform
Infrared Spectrophotometer (FT-IR: BrukerAl, IFS66)& A& 9
7] A3 92 2 F2 gl E4E A7) 989, KBr
pellet FE1Z A|EE ZA 3o 43RG,

Zn & 3

s}

guoigRo Ry o ey

Autoclave$t neutrase® A8t 3% FAOFL e =
A% (Table 1)1} FT-IR spectrum (Fig. 1) A7} FARIL, §
3] autoclave Al HEFA 7} 7FgdH, AgAjzte] &2 23 o
Fo o] AlEE autoclave 3 A EE FAEHT, Autoclave
Az 98 dold 2UFE& DEAE-cellulose ion exchange ch-
romatography2 #8& A3= Fig. 2% £th. 0~15M2 NaCl¥
FEE AMA R FHAA 470nmolH FFE, 280 nmol A &
WA Z2AYLL AP, AT FHNA Fo] EAdte §
2uke wgttl, AGYE S ol 54 P dm gAML T 24
< AANZ g, FEURE 3ok ¥, DEAE-cellulose ©]
23 Az oA AFYE (F) & Sephadex G-1002 2 gel
filtrationdte] 7|4 dAd AFEHE (F)& th4A] Sephadex G-
252 gel dJ¥3te] REHAGF N85 A} (Fig. 2). Sephadex
G-100 gel A FA F o] ABYELE o], °1€ F, K ¥
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Fig. 1. FT-IR spectrums of acetone treated, neutrase digestib-
les and water soluble polysaccharides obtained by auto-
claving from ascidian tunics.
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Fig. 2. Chromatograms of sugar positive fraction obtained by
gel filtration with Sephadex G-100 and Sephadex G-
100-25 after DEAE-Cellulose ion exchange chromato-
graphy from water solubles obtained by autoclaving
from ascidian tunics.

9 autoclaved) Ao} o FE8 2UTH FEAAT Fo
o) AR F 3] BES 20" yronic acid ¥ GLC
BEAo] % 24T F}FE Table 13 2o 719 EFE
autoctave M F7t 23%, neutrase A7t 3.1% AT, o)LL
A& Ro| 27%, Sephadex G-258 A & o] 21% BE

< AE - W - o] 3%

Table 1. Contents of sulfate, uronic acid, protein and chond-
roitin sulfate” in ascidian tunics, and sugar composi-
tion of partially purified sulfated polysaccharides

Items Auto® Neut” DEAE® Seph®
Sulfates (%) 23 31 27 2.1
Uronic acid (%) 56 78 6.1 39
Protein (%) 179 194 112 93
Chondroitin sulfate (%) 257 234 267 215
Sugar composition in
monosaccharides (%)®

Arbinose 0.7 12 0.7 -
Xylose 04 0.7 0.2 -

Glucose 1.5 17 21 -

Galactose 62.3 578 63.1 714

D-glucuronic acid 10.8 17.4 9.8 6.3

N-acetylglucosamine 94 5.1 7.6 7.8

N-acetylgalactosamine  14.8 158 16.4 14.5

D Alcian blue method.

P Water solubles prepared at 125C, 6 hrs (100 g of sample in
1.5L of water).

¥ Neutrase digestibles from ascidian tunics.

9 Chromatographied with the DEAE-Cellulose column of water
solubles by autoclaving (F,).

9 Autoclave+ DEAE-Cellulose ion chromatography (F.)+Se-
phadex G-100 (F,)+Sephadex G-25.

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

AEH, Albano and Paulo (1983)& 22 #d& AAAN %
g A7 FFEL 0.75~1.39 mol (sulfate mol/total sugar) {chi
B33, Anno et al. (1974)& 3 4o] FH 9 17 FF
265%2 BaEn glof, ¥ 4% AJse B Ao]§ RolZ
At §98 S=RFY sulfate THFQ fucoidan®] A E-FEH
thArbe] 4ab7) FFL 530%, £ 300%0l2 AL (Nishino
et al, 1991), A ZHO 2 3 £& 227%, ZA] 170% 2%
3992 (Nishino and Nagumo, 1987), Zul4t Al £7F {2
09~12% 9t Busx lo] (Ryu et al, 1997), 4 $-&
dolo AAY sulfate FFS A7t 9 AzxF Eoe HS
v 2 EE #iRde g Aoz JUEd, Carbazole
assaydl <& uronic acid®] ¥#FE autoclave®t neutrase AT
M 2z 56%9% 78% AE AEHUL, o|2ud @ AAHF
NEE 61%9 39%l%lEdl, Albano and Paulo (1983) 22
oAz ol 44 uronic acidd FHFE 001% oAtz A
3, Anno et al. (1974)& 0.7% °l&Aox 3}t FASZER 0]
o e, 2ude] A 20% o3 YERRIZ, ol n @ e
NES gel JH3 ABE 47 267% B 215% AT AEHL
o, dude Ze¢e FAT F FAHATG F¥H, GLCH 94
gt g 24FL 583 arabinosed xylose?t &% BEH
A3 (02~12%), 68 F o2& glucoses} galactose”’t HEHIUE
®l, glucose®® arabinose$} xyloseRThe Thd Btouh 2.1% ol3t
At T¥, galactose FHFS AXNBAM SolFoz 50% oVF &
259+e autoclave M TE 623%E, neutrase HETE 57.8%
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2 A8k £, hexosamine2 ZE N-acetylglucosamine

N-acetylgalactosamine®] A& EH e, ANAHLE N-acetylgala-
ctosamine Fo] 15% WE k3, N-acetylglucosamine
autoclave A2 TFAA 94%, neutrase A& FolAM 51%7 HEH
A2 uronic acid2¥ D-glucuronic acid’} 10% °1¢ H&HAU
t}, o)} #@eted Anno et al. (1974)2 349 ¢] AR E gluco-
samine & %ol 395% 01X galactosamine 57% F{HTTIL
B8 ¥ Rodolpho and Paulo (1986)€ ¥4 A (Styela pli-
cata) BANA £ Fidde A Jle Rz FEAUTG
I gtk &, shel nEA R F Y AL U,
2R R A%E 24T EHAA FolHo 2 galactose ¥
Fo] 85% AL dhsE AXYL, FAY ALA dEde
galactose®t glucose”t 20~57% % I3, hexosamine©] 23% o
40% 11 2 % glucosamine©] o 85% Atk B3¢ ). o]/
A2 AYdge gYAY TEAYED FARA FolFoz
galactosed %ol Watch W, DEAE-cellulose ion exchange
chromatography® 48 &9 243 FA A7 FAEHA 58
0.3 arabinose®} xylose’7t &% AEHALH 6BFLE pglu-
cose®} galactose’t BEHAEH, BA AH} oWAAZ galac-
tose®] #Fo] 63.1% 2 Y53 BU4on hexosamine FollE N-
acetylgalactosamine %] 164% 2 %Sk, uronic acidZ2< D-
glucuronic acid7} 9.8% BFE HEHUG. &4, o] nIAAHE
AN EE Sephadex G-1002.2 Heldte] 9] FFo] ¥ F, &
< t}A] Sephadex G-252 gel A #HG A|8 9 24 3L arabinose,
xylose 2 glucoses EFF HEH o, galactoseT 714% 2 O
2o A3, N-acetylgalactosamine T#&o] 14.5% HEZSH
29 D-glucuronic acid7} 63% AT HZHU

gACIEe] FT-IR £4 Y MI|dE HH

g8 3] £ (acetoneX 2})H autoclave?t neutrase A
#79 FT-IR 4 43+ Fig 17 2c} A A8 25 gitEd
UgF7t 2 peak’t WERREH, F 3400em™' 29 O-H
A& A%, 290cm™" £29 C-H A% JF, 1,650cm™" +2
C=0 Folth. 28\, gAF %840l BLL autoclave$t neut-
rase A FolA JeEd §20em™ ¥29 C-0-S AFAFL
BolA 4%, 1250~1000cm™ F28 BE peak’t YEN
o}2 HYr} o] HOE autoclaved neutrase FE % g Fol=
P77t EAFT AL S A8 & YU BY, DEAE-cellu-
lose ion exchange chromatography®} Sephadex G-100% G-252
BRAAE FT-IR spetrum® ¥EFF chondroitin sulfate As B2
FT-IR spetrum Fig. 3o Jehli et #4371 & §=09] AFQ
F& 1240 cm oA, C—0—S AFZF ] 7+ axial ¥l 850
cm™! F20A, equatorial FulE 820cm ™! FZ oA e EH
(Fujihara et al, 1984), #4t7]7} galactosed] C;% C;9} 92/
AFHIE equatorial FNZ, Cy AN BT axial Fh2 2
e, waby REAAG Ad2Fe FUI)E galactosed 71 T
22 8o ¢ YA 2 Aok A4T ¢ Yo ot AH3
o Pavao et al. (1989) B %] v]4% (S. plicata, Clavlina sp.,
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Fig. 3. FT-IR spectra of standard chondroitin sulfate A, B and
sugar positive fraction obtained by gel filtration with
Sephadex G-100 and Sephadex G-100-25 after DEAE
-Cellulose ion exchange chromatography (activity frac-
tions; Fs, Fs) from water soluble polysaccharides obtai-
ned by autoclaving from ascidian tunics.

Wavenumber cm’”'

2 A nigra) AANAM UGS Beldle FREAS dged),
%9 B galactoseE 712 T2 A W ©@a (Cd &
A7 (SO,7)7F AFE Pz AL 14 AF02 8 5,
a-L-galactopyranose residues#t 313, 4 e C, A3
o #4717} 2gs ol dckz sk £F Anno et al. (1974)&
od4ole] FATFL chitin® TE7F 2ot 68 @A (C)l
33717t 2%E I U2F F, (1-24)-2-acetamido-2-deoxy-6-
O-sulfo-g-D-glucopyranan®] F8 FTZe1 Badge ¢4 &
%29 chondroitin sulfate A ¥ C9 spectrum® H| LT o FQ
w719 fAM IR #®E YERIE 1o, chodroitin sulfate
AS U $A18 el S BaFa gk ol 4ol FEAAE Fi
TS FANE geatgen, 2 ¥l 3400cm™ $29 O-H
ANEAE 2900cm™! B2 C-H A&AF, 1650cm ™" #29
C=0 2% A2A%F 5L 2FF & Uil Autoclave Aol
] 28 2999 AN9F #9 (Fig < FHe ¢4
band® YERNZ oY neutrase A TE Al MY bandZ TE H
At EEE2 2 AHE-H dextran sulfate (BT E2H3110,000), der-
matan sulfate (BT £x}2:19,000), chondroitin 6-sulfate (FT
2712k 40,000), dextran sulfate (T £2F3:500,000) % |23 &
W autocalve H)Te EAFHE oF 40,000 A= FAHEHIULH,
neutrase AT A% LEA bandE 100,000 ©14, 7 M) A
22 band e o4 22,000 FE, E 3¢ bande o 5,000
Rzgl Aoz 2R, BERAAG A5 A7GEY dde
Fig. 4% 2t} Autoclave H#l¥ thFFE DEAE-cellulose ion

lo
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Fig. 4. Polyacrylamide gel eletrophoretograms of neutrase di-
gestibles and of sugar positive fraction obtained by gel
filtration Sephadex G-100 and Sephadex G-160-23
after DEAE-Cellulose ion exchange chromatography
(activity fractions; Fs, F,) from water soluble polysac-
charides obtained by autoclaving from ascidian tunics.
1, neutrase digestibles; 2, water soluble obtained by
autoclaving. The molecular weight (MW.) makers
used dextran sulfate (S, M\W.=500,000), chondroi-
tin 6-sulfate (S, MW.=40000), dermatan sulfate (Ss,
M.W.=19,000), dextran sulfate (S, MW.=10,000).
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exchange chromatographydte] 4 § A9 AZYE (F, F)Y
A71FEHY (Fig. AN Frd 40000 %S ¢4 bandE YE
i glov Foe Al 719 band 2 FEEAEY), oA FA3}7) d9
neutrase X279} 3T FAA T, $19E, Sephadex G-100% G-
100-25¢9) A719% AH (Fig. & A9 #4184 ©Y band?
daolu G-25 AEE7t thh {2 bandE YUERNG. olst &
dotd g4A HAE 542 FE3o FIH dFFHFY 4
(Paulo and Arthur, 1987) 100,000 1’89 1€ 7} band$} 20,000%
80009 AZ3e F A bandE FEETE 229 Anno et al.
(1974)e) %% AANN FET gBRodM A A9 F8
band§ YEMIITE B2 B o 2 H¥9 5L FE24TFH
AY $AR AoE JERR

2

$R40) AAAM g FAGZE FEAAZGE D744
dzAdn 7G5S Sy F&d F4cgy HEHE 242
sulfate, uronic acid, protein, chondroitin sulfate, amino sugar, he-
xosamine $22 o] oA St H7[QYEZ T autoclave H
o o3 2 2uZHEE FHL ¢4 bvandd Heldidou,
neutrase A&7 Al A9 band® TR HAY. Autocalve AT
o] Eatgre oF 40000 32 FHEHM, neutrase Hel79 A
LR bande 100000 o144, F A AEA band F e &
22,000 A%, = e bande F 5000 XY A2 FHHIS
th ol uE 4R L A ouste] A& AFHEY FGH 4L
22AA A% A9 {AEATE Sephadex G-25F gel 97/ A
829 AL arabinose, xylose L glucose= EF#F FEoL
U galactose= 714% 2 WEES X EH 1L, N-acetylgalactosa-
mine $%e] 145% AX U2, D-glucuronic acid?} 63% 3%
A5 At} Sephadex G100} G-100-252 HA T 29 A7 Y
¥ d"e A FAEA €Y band® FFelY G-25 ¥t
oi §2 bandE WERAITH FEAAS FANEY ZFEQ
chondroitin sulfates®] FT-IR spectrometer 4] Z# A9 §At
3 ZAs vEYD #3371y d2ga § 2% Fa¢ 9449
o A% AFF7) IR spectrum® A EFE (1,500~700 cm D oA
UERtt 7] 9 §=0 A& F0] 1,240cm oA, C-0-8§
A2A5e A% 9% E 00em ‘A et
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