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Extraction of Glycosaminoglycans from Stve/a clava Tunic
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Glycosaminoglycans (GAGs) was extracted

from sea squirt, Styela clava with sodium phosphate at 105°C for 2 hr and

deproteinized with trichloroacetic acid or hydrochloride. The GAGs obtained from tunic consist 41.7% crude carbohydrates,
31.8% crude protein, and 31.2% sulfate. It was mainly constituted of galactose, glucosamine, glucose, mannose, and
galactosamine. The prominent amino acid were phenylalanine, threonine, glutamic acid, and aspartic acid. Mineral contents
was mainly constituted 3.0 mg% sodium, 1.6 mg% potassium, and 1.2 mg% phasphorus. Trichloroacetic acid, hydrochloride
and 5-sulfosalicylic acid were used for deprotein of the GAGs. Effective volume for deprotein of crude GAGs were 5.0%
trichloroacetic acid (w/v) and 10.0% HCI (vjv) treatment. The deproteinized GAGs contained 35.1%, 35.4% of protein and

22.0%, 18.5% of sulfate, respectively.
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N =

=

Proteoglycans= "¢ & EATFZE o]Fojz gohiigz,
2 glycosaminoglycans (GAGs)E} Eelv WdF Alsd
gz AgEo] 9ty GAGs AlEL aminod (glucosamine
o]\} galactosamine)¥} uronic acid (glucuronic acid F+=
iduronic acid)?} ¥HEHE FzE HoAtt. FAE 3y
uronic acid®] 3}eko] me} hyaluronic acid (HA), dermatan
sulfate (DS), chondroitin sulfate (CS), heparin 2 keratan
sulfate (KS) 522 EF3h

HAdl= 22 GAGs7t 3ilrlgs %34V asxe]
SO &2 CO0'E Ffsld SAsz sl =94 %
S Boldrle gol AA Bg5EaY 2 HYS UEERE #
x99 FEAZAM o]FHA TS Fh o)} L2 A
G2 BEA wEd AFE2H sEizl 4Ee FestAd &
A A ANAZQ EdozRY FAXAE HIEA Hrh

t Corresponding  Author Division of Marine Bioscience,
Gyeongsang National University, Tongyeong 650-160, Korea
Tel : +82-55-640-3173, Fax : +82-55-648-2038

E-mail : bdchoi @nongae.gsnu.ac.kr

180

GAGse] {88 Aodzx(l), E/5EY Z4u2), 33
s

(3-5), WEH(6-8), FAAAO) Fol o]&HAAL Ao,
Fole BFA7IZ AT EIFA, TRHEFES FHE AL

of W ALHEI} o

R ul

AAoltk. o] E Y EAY
AL M AR dEHdT NRE d452YEH

GAGs®] %% 2 AA71%9) o] smetol ek

AHge PHREE p4Rd Sat $AYETE 8040
Fi olF BARY FHOE olnse) &£F Fud Flols
1 gtk AsEe FHLE FAHT Yov dAF AR
79 Aol 7 Be AARE melm 2001delE o
15,000 tono] AALAAT, A4k S7ke) HE WHE 42
o AHeld We ge JHed An Aok s ng
BAZRE GAGsS + ol g 30 ge T
AR A2 % 3 ofue), Ad A7l HE §4

Bk
(10), HBBH(11) RokolA
Aae 88 FuTYR
2 B a7 v
AE 4% 7% A2E
Barsred) Flejshndt et

A7t =
o, mley
$lTh12). o}

7o F& 2 A
2 o8 ey 988



Ahn, S. H.,, Extraction of Glycosaminoglycans from Styela clava Tunic

=]
R

A=

Agol AA4F vitid (Siyela clava) AR A vl
AEH 24 FoAz@HANA AHG 2L FHefidted 3]
FAT e 25T BasEA AR s

GAGs =& F 789 £3F

ooy 1000 g 4 Hate] buffer T2, 35 &
A4, 7HEARE 2 HER R o dF 2T 5L
Ea dojA Ag &3t 95% ethanol W} E 718l
HoAA g gAREE B AH1ES T2 A2
GAGs &2 Yehiich &34 & Fig 13 2
Styela clava tunic

|

Grinding

i

Autoclaving (105C, 2 hr)

Concentration

|

5.0% TCA (w/v) or 10.0% HCI (v/v)
|

Centrifugation (8000 prm, 15 min)

| Ethanol precipitation (3 vol)

e

Centrifugation (8000 prm, 15 min)

Vacuum Freeze Drying

Figure 1. Preparation of glycosaminoglycans from Styela clava tunic.

grdlFo 2|5t GAGse| M2

105ColA 2417 2" AR 0.5 g2 100 mL AzrEelx
9] FH3}n Zol24: 30 mLE 7}l &ai3ka, KCIO; 5 ¢
< 713k o}&, nitric acid 30 mLE #7158k S mL 9& o
7kx) 7}E35k4ck ©o]& HCl 25 mLE #H7}sked 5 mL W2
7hA] 7hEEte] @ol&4E 100 mLE F8eln AR
st Al 100 mLE2 83 ¥ 1 N BaCl, - 2H,0 £
mLE FA7F & g5 oA 22zt F9b 7FEste] 4
oA ekl dEg 7 fEldgrlel 892 aspirator
2 FYds & ¥ "ol 100 mL2 A3l Ba:SO.Y
oz Akl ti(l4).
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GAGso| =M &M

AZ AB(~1 mg)E 2 M trifluorcacetic acid (TFA, Sigma
Chemical Co., St. Louis, MO, USA) 400 uLo] &sisle] 10
0ColA 422F 71588 & A20X AL FE3Hk 16
mM NaOH £ o2 3¥3l% CarboPac PA1 (0.45 x 25cm,
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Dionex Co., Sunnyvale, CA, USA) Z#Hd| 7l5Esd Alg
Z 100 uL D.IW.o] &£38)3ld < 1.0 mLming E& 21
™ PED2 (Pulsed Amperometric Detector, Dionex Co.,
Sunnyvale, CA, USA)E 7AZ3}4ct

GAGs?| 27|H M 2

AR B4 gHe AYF AR AT B 4 B
stel 20 mLE 8ol HEW WA e, YL sl

19

o F=AY ZFgzrvt W& B37] (Inductively Coupled
Plasma, Atornscan25, TJA Co., Flanklin, MA, USA)E A}-8-3}
o A BAT.

GAGs2| F4oin[xdt &4

AR 100 mgS 6 N HCIZ 247417 718 & ofitste]
citric buffer(pH 2.2)Z 25 mL A&3}o] olu|=it A}FEA Y
(Amino Acid Analyger; Biochrom20, Uppsala, Sweden)Z *
% 24390

HPLCol| 25t GAGso| =iol A5

=3 7Az" AJE 10 mge #H3lel 002 M phosphate
buffer (pH 6.5) 25 mLo|] &3} % 16,000 goll A 94 E2ls}
o 4de& AE5AL HPLC APEdoz Agsiyct ZHE
300x7.8 mme] BIOSEP-SEC-S 2000 (Phenomenex, Torrance,
CA, USAYE Alg3ldy, EFEs=  UV-Vis  detector
(Shimadzu SPD-10AVP, Tokyo, Japan)Z 210 nmoljx] =33}
gt gul= 002 M phosphate buffer (pH 6.5 1.0
mL/min¥® ZWA E439ct

CHE A JA

A etz o2gkS u) GAGsS) sulfate ke 31.5~34.7%
olnf, gl FaFe 325~355% JETE o] ko gz
SHE FHo) ALY > YSOR HYE FHol HY
BE Astax guld AAE Ysf trichloroacetic acid
(TCA) =2 (wiv), HCl TEXR (v/v), 5-sulfosalicylic acid
(SSA) =¥ (w/v), ultra filtration (~ 10,000 M\W.) 3! UF
2] o]& gujjo] wWZ AGHE AABIC1S).
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OHe ZZe duiye
uty Ao detAdEL Table 13} Zo] F8 74.0%, A
A 04%, & 08%, TulA 8.1%, 22 16.7%IJck vjde

Zdole Buggol g EAUTE A2 dehin Ak

Table 1. Proximate compositions of Styela clava tunic
(%)

Compenent Contents
Moisture 74.0+0.1"
Crude Lipid 04201
Crude Ash 0.840.2
Crude Protein 8.1+0.1
Total Carbohydrate” 16.7+0.2
"Mean + S.D.

2100 - (Moisture+Lipid+Ash+Protein)
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GAGs T2

oY AEz2Re dol7 GAGse F+&& Anno(16)9]
S Fug FPon, FZE{L Table 29} 7t} Buffer
=¥ FEEEL W) Aol bullerE HASA e
71, sodium phosphate buffer9} potassium phosphate buffer®)
AF 212+ 1/60 M, 1/100 M, 1/150 M, 1/200 M FE 2 A&
3ttty BufferE ARZSlA]  4gke AL 3.2%09lon
sodium phosphate buffer®] 3¢ Zz} 53%, 50%, 4.6%,
45% o|¢lo™, potassium phosphate buffer®] 73 5.1%,
4.8%, 45%, 42%= bufferS AMESIA] &stS o Ho =9
0o, sodium phosphate buffer’} potassium phosphate buffer
B} 0.15~023% =4t}

Table 2. Yield of glycosaminoglycans with extracting conditions
(%)

Extracting Conditions Yields

D.W. 32+0.1"
1/60 5.3+0.1
Sodium 1/100 5.0+0.2
phosphate 1/150 4.6+0.1
Buffer 1/200 4.510.1
(mole) . 1/60 5102
g;;‘:f}‘l‘:z 1/100 4.80.1
1/150 4.520.1
1/200 4.2+0.2
City water 4.740.1
Solutions fon water’ 5302
D.w. 4.5+0.1
Heat 5.310.1
3 P 9.9+0.2
Methods AE 37+0.1
NE 10.0+0.1
1st 5.3+0.2
Times"” 2nd 2.720.1
3rd 1.7+0.1
105 5.310.1

Tempurature (C) 120 53401

YMean+S$.D.

2)Super—I[ ionic water (Jeun Co., Busan, Korea)

“Heat ; heat extracting, P;papain (pH 5.5), AE;acid enzyme (pH 3.0),
NE;neutral enzyme (pH 7.2)

YExtracted at 105°C
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GAGs9| 2AUIME A 9 HPLCof| <f3t &tol

vy FA A F28 GAGse] Uyt A2 24 Table
37 2l S5 28%, AW 15%, &8 22%, @
31.8%, BIE #45%0|t). 183 GAGsY SO.9| FFL
312%0Ivk wHY GAA FE3 GAGse A, @HF
vty AAXAR F zole Holx ¢u ot AT ©@S
3Ee e IR FEHY Aed g2 ARF pisu
g Aok FE Y el FEo| AMHEHR sodium
phosphate 2 Na¢] el Zr7l2 Azttt BFE chondroitin
sulfate A}t CE o] &3k HPLC EA3 Ayl wEE X|7H74
min)o] Zo} wtjEo|r] FZ3 GAGs7} chondroitin sulfate S
8 dde AE Fg 294 YIS

Table 3. Proximate compositions of glycosaminoglycans from Styela
clava tunic ’
(%)

Component Contents
Moisture 2.820.3"
Crude Lipid 1.50.1
Crude Ash 22.240.1
Crude Protein 31.8+0.3
Total Carbohydrate” 41.740.2
SO4 312423
"Mean + $.D.
2100 - (Moisture+Lipid+Ash+Protein)
o A

74

Stvela clava

Absobance{210nm)

2 4 & 8 10 12 14 16 18
Minutes

Figure 2. HPLC anaylsis of crude glycosaminoglycans from Sivela clava
tunic.
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GAGse| =M< 24 3l I3 &g

o 24 BA43= Table 49} o} glucosamine, galactose”}
FH 74 2oz F 29 780%E AAL UAoH,
galactosamine (GalNAc) 5.1%, glucosamine (GlcNAc) 33.2%,
galactose (Gal) 44.8%, glucose (Glc) 10.1%, mannose (Man) 6.9%
2 FA50] AUtk GAGs AlEo] glucosamined} galacturonic
acid2 o]FojF FxE & JYrke= 2L & F Uk wNF
o &3l WARANA F2E3 glycosaminoglycans} ]Szt
FAME RAZ YA, Y ATeERH
glycosaminoglycans®] 73-$- galactosamine©] 31 galactose®] 3t
Fo] & AE itEe 2L 7RI JYTKIS).

32

Table 4. Sugar compositions of glycosaminoglycans from Styela clava
tunic

(%)
Sugar composition Concentration”
Galactosamine 5.1+0.1
Glucosamine 33.2+0.2
Galactose 44.8+0.1
Glucose 10.1£0.2
Mannose 6.9+0.1

Calculated from HPLC analysis, considering the total amounts under
the sugar composition as 100%. Mean+S.D.

Table 59 Uehd vie} o] A& F714L Na, K, P,
Ca, MgZ 47} 3.0 mg%, 1.6 mg%, 1.2 mg%, 0.4 mg%, 0.2
mg%olt, °|5 Na, K, P7} 919%2 tRES A5k 9
on Ca, Mg= &% FiHo] Yok F F714 5 Na TF
o] 47.6%2 =2 AL GAGs FZA| sodium phosphate
buffere] Abgo2 AAHE AHed FHHT: o|AL Table 1
3 3004 uehg oldE 4as SE §% 08%, GAGse)
FE FFE 222%2 F Aol Holw RS AHIF2

At

Table 5. Mineral contents of glycosaminoglycans from Styela clava tunic

(mg%)
Mineral Contents
Na 3.0+0.1Y
K 1.6+0.1
P 1.2£0.2
Ca 0.4+0.1
Mg 0.240.1
"Mean+$.D.
GAGs9 ofo|.=M =M
ojul:cAt  BAAvE  Table 63 Zo]  phenylalanine,

threonine, glutamic acid, aspartic acid’} FQ olulzAlo & o]
g 439 olvlitto] A oflitel o 452%% AR
o, o]o] B3} methionine, histidinee 2 ¥ o] o)
AA ofelat F Weolrlngl BAL 552%8 ARG v
27 Beolriite) godo) o A& ¢ & U FIF
5 7EeE(19, 2009t sAeDAAM  FEE
glycosaminoglycansol| = glycine, serine¥} threonineo] F5 ©]%
o den, ERFTEA &= AEAAN  F2H

=%

A
Hor—

=3
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glycosaminoglycansol|+= glutamic acid, glycine, aspartic acid”}
FE olFu () FAFFTET TRETEY AolHE ¢
4 9tk uyHeA &% glycosaminoglycanse FHF F
259 L4580 o FAHD Y o= FBHoR

Table 6. Amino acids profile of glycosaminoglycans from Styela clava
tunic

Component Contents
Aspartic acid 95.4
Threonine 149.9
Serine 48.7
Glutaminc acid 1009
Proline 384
Glycine 522
Alanine 38.6
Cystine 246
Valine 382
Methionine 152
Isoleucine 26.1
Leucine 371
Tyrosine 37.0
Phenylalanine 193.7
Histidine 15.9
Lysine 38.9
NH; 10.0
Arginine 39.3
Total EAA(E) 5519
E/T ratio 55.2

"EAA : Essential amino acid.
Values are expressed as residues/1000.

GAGs9| 3|&E «Z U CHEA XA

Az ZAAe] GAGsY 7]1EL muco-protein®] 3o
77.0% o) o]s Tl sulfatee] H]7} 3.0~9.0, sulfated] 3}
L 19.0% o), dUAY FFL 58.0% o] Folojor 3L
(23), QE-2] 713L& GAGs F sulfate THL 200% ©)%, T
WA ke 40.0% ©lslrt sojor Ith24). FAF FAH
AE AL ME EH, GAGSE FF YEE AN 7Hs
3 AL sulfate?] ko] 35.0~450%, T YL 14
0~22.0%°]th25). vHY GAGsE 34Ed o]&3t7] 3
AE sulfate S 35.0~45.0%, Gl S 14.0~22.0%
2 fFA 3} of gt

ved oM &3 GAGse| thlE Hake Table 39
Uehd Hheb o] 318%2 GAGs9] 53 A Aol dg
Aol BiRHIZ Aok oH A Awd BHE A3 A7
£ Fig. 39 Yehidh TCA 5= (wwvd Ao Algde
IAE, 25%, 5.0%, 10.0%, 200% Aoz gtk o
w ztzte] SO, L 32.5%, 34.5%, 35.1%, 35.7%, 36.2%
olgod, wuA Fee 350%, 223%, 22.0%, 21.4%,
208%2 50%, 100%, 200% TCAZ ATh AXFYL o
SO, ¥k oz ek BRUt SAE A Ay Ao
2 JehddFig. 3. A). HCl 5% (v Add A8 3
A, 10.0%, 20.0%, 40.0% H7PPHoz 39S 9, SO,
ke 742t 34.7%, 35.4%, 38.7%, 37.1%°|H, gk ek
2 34.1%, 18.5%, 163%, 146%% ZAHL Aa 10%,
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20%, 40% HCIZ A|dd HAE9S o SO, & wwz
% 257t F4F 30 HEskdthFig. 3. B). ¥=4E
UF #2]o]& 100% TCA (wjv), 20.0% SSA (w/jv), 25.0%
HCl (vwyAEste] Adst Azlz so, e Zz
31.5%, 43.0%, 44.1%, 51.4%, 552%°|w, wulz dego
32.5%, 202%, 15.3%, 14.7%, 11.5%% UF vk A3t
UF+10.0% TCA (wjv), UF+20.0% SSA (wjv), UF+25.0%
HCl (vw)E Agd 89S o SO, g%z oz gz =
F71 B3F A AFY Hez VElstiFig. 3. O).
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Figure 3. Sulfate and protein contents of glycosaminoglycans by
deprotein. (A) is treatment of TCA (w/v), (B) is treatment of HCl (v/v),
() is treatment of 10% TCA (w/v), 20% SSA (w/v) and 25% HCl (v}v)
after UF, respectively.
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GAGse] & WY F 84
I AsFaY BARE 48 + I 2t 54 A}
goll o2 AATrte] Ao g dee] Zrld wE
}FEF AAE VEANZ 7 YFeE, 1/60 M sodium
phosphate buffer 105C= €4 F&3l= Ao 34E 717
& WEATe $HoE YETh ol¥A F&3 GAGsY
SO, & 312%0|3 3|7 FFo] 222%F GAGs FF
b 9)8) ALEE 0] A& sodium phosphate®] A}EOZ 3
FFo] FoMHlEE & F U FUE B Nag] 3
o] 30 mgh=E F F7|A9 476%Z AT YATH A
£ HPLCZE E4]3}9S W chondroitin sulfate A, C} 5
E4 X 7H8 vehlo] chondroitin sulfated] 3 7154

el 12, glucosamine®} galactose7} 78.0% ZA)ste AL
24 44 B3 Sk ¥nt A%, HPLCR A, 7
AEA g olwiedt BXMAE  glucosamine®  galacturonic
acid’} 7} H)o] threonineC.® AR TLRE 3 GAGsT}
= AS & Uk AFFE AE 7)F 2Fy] A e
sulfate $}&Fo] 35.0~45.0%, @A LS 140~20%E
A #otalEz A AH 50%, 10.0%, 20.0% TCA (wiv) A
7], 10.0%, 20.0%, 40.0% HCl (v/v) *2], UF(ultra filtration)&
Z3H8 10.0% TCA (wjv), 200% SSA (w)v), 25.0% HCI (v/v)
8] A3} 50% TCA (wjiv) B 10.0% HCl (v/v)o] ERZE 7]
Fo| sl A Z&FHolge AL 2 F I
o

oo

Lok H ol Mo

B ot

A} A}

B ATE BASAR WA 2 F27I97IENEALEA
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