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Abstract

The optimum condition was investigated for the extraction of glycosaminoglycan (GAG) from sea hare,
Aplysia kurodai. The most effective enzyme was Flavourzyme for extraction of glycosaminoglycan. The optimum
incubation temperature and time for hydrolysis were 60°C and 15 hr, respectively. The yield of precipitated
polysaccharide depended on Brix and ethanol volume. The most effective concentration of Brix and ethanol
were sixty and 5 volume of ethanol, respectively. Most GAG was eluted between 0.5 M and 0.75 M NaCl gradient
on DEAE-Sepharose column, and identified by electroconductivity. The contents of hexuronic acid from
polysaccharide extract and GAG were 1.0 g/100 g and 6.0 g/100 g, respectively. Hexosamine of polysaccharide
and GAG as indicator of GAG component was 5.6 g/100 g and 25.7 g/100 g, respectively. GAG was identified
as heparan sulfate compared with bands of other GAG on agarose gel electrophoresis, and its molecular weight

was 29.6 kDa on Superdex 200 HR column.
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Freeze-dried sea hare muscle‘
add 10 vol of 50 mM Na-phosphate buffer (pH 6.0)
add Flavourzyme 500 MG (E/S, 1/50)

incubate for 15 hr at 60°C
centrifuge at 3000 x g for 30 min

Supernatant

add TCA solution to final concentration of 3%
centrifuge at 3000 x g for 30 min

|

Ao ZE A719E 3t FA

g pe =
=g vwstgch

o15l7] 93 50 mM phos-
phate &= ¥ Superdex 200 HR col-
30 cm)ell 200 uLe] A8 5 FYUF T 22 G
0.3 mL/minZ §&392m, 254 nmol| A #A&3}

umn(1.0 x
o2 #%

Aot B A2 apoferritin(MW, 443,000), alcohol de—-
hydrogenase(MW, 150,000), fructose-6-phosphate kin-
ase(MW, 84,000) 2 carbonic anhydrase(MW, 29,000)2 =}

4% EBFFNoE SR,

_

’ Supernatant ‘
concentrate up to Brix 60
add 5 vol of 95% ethanol
centrifuge at 3000 x g for 30 min
Precipitate (polysaccharide extract)
Fig. 1. Procedure for the extraction of polysaccharide from 7EdJ_l|' =1 __'Lié"
sea hare muscle.
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#H2 zxog F23 dFHE 50 mM sodium phos- QubH 0 = AL Ao BAHS AAF Fo LA )
phate buffer(pH 6.0)o €327l £(50 mg/mL), & ¢35 Be Relaln EANZ Sglon, EAA% & 288 97
Ao 7 HW33IA 7l DEAE-Sepharose Z&(1.6x15 cm)ol o] 24%, WAL 31%0]t. 1T A% 2 g & 8
200 wLZ loading8he} LE 1% $H 50 mM sodium o o500 rgey. s Re WAe Sol sl we A
phosphate €& (pH 6.0). 2 AFd & 2 M NaClS T3 0 See AT Qo dul e A% §g A A%
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Table 1. The optimum temperature and incubation time for
Yield

the extraction of polysaccharide from sea hare muscle by
Temperature
(%)

Papain

Agarose M7 |HS
DEAE-Sepharose Z# oA A A8 GAGE Dietrich W
H(22)9] Wl 0.6% agarose gel(w/v)ollA A71F% 3o
AA=ZE 20353t} 0.05 M 1,3-diaminopropane/acetate
AZH(pH 9.0)0S ARSI 4A12F 5 AN F acetic
acid/ethanol/D.I.W.(0.1:5:5, v/v/v)oll €3]% 0.1% toluidine proteases
EFAN ] Z o] = ati
gt A9 s Enzyme IHCI(JE;‘;IOH b
Flavourzyme 500 MG 15 60 12.8
6 60 8.1
24 40 55

blueZ A3, 0.1% acetic acid®
bandE #2135} . Chondroitin 4-sulfate, chondroitin 6-
sulfate, dermatan sulfate & heparin <% 3} chondroitin Neutrase
4-sulfate, chondroitin 6-sulfate @ dermatan sulfate=
Proteolytic reactions were performed at pH 7.0.

chondroitinase ABC lyaseZ, heparin-e heparinase IZ *|
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Table 2. Experimental design for the extraction of poly—
saccharide from sea hare muscle by Flavourzyme 500 MG

Row"  Incubation (hr) Temperature (°C)  Yield (%)
1 6 40 5.3
2 15 40 1.7
3 24 40 6.9
4 6 50 4.1
5 15 50 114
6 15 50 6.9
7 24 50 6.5
8 6 60 85
9 15 60 12.8
10 24 60 125

1 .
)Experlmental number.

"™ Extracted Polysaccharides
. ]

Q e

Extracted
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0.098736
+0.04947
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Temperature (°C) Incubation time (hr)

Fig. 2. Prediction profiler of incubation time (hr) and temperature (°C) on the extraction of polysaccharide from sea hare muscle

by Flavourzyme 500 MG.
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Table 3. Effect of Brix and ethanol concentration on the pre—
cipitation of polysaccharide extract from sea hare muscle

i)

Concentration Yield (g)
11.0 0.04+0.00"
29.5 0.22+0.01
Brix (°) 42.0 0.49+0.05
50.0 0.64£=0.06
60.0 0.83+0.03
3 0.41+0.00
EES?\?)OI 5 0.80+0.06
7 0.96+0.00
YAverage+ standard deviation.
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= peak? & "¢ @39 oHFig. 3). GAGE NaCl
& dujol 2 5ol3 &% W¥e el ™, chondroi-

tin, chondroitin sulfate A, dermatan sulfate, chondroitin
sulfate C, hyaluronic acid, heparin, heparin sulfate, keratan
sulfates o]2u % Z2utETH ] FelA ZH7] & o]
B st A EE5H7] "o 8% peak’t AXE Yol =&
L olol] wet B GA7F Golstrhar B asATH(24).

DEAE-Sepharose Z-8 A 2uEddaz d& ggdi =
5] AZvEDY o AVHERE 1S A 05~
0.75 M NaCl ZolA €25+ 224YS FAsdth &5
27} ¢ 72 mLSl 9 peakE GAGY 44 &3 9
EZ2E H7]|e 98-%Y chondroitin sulfate lyase ABC #
& heparinase I £ &9 o|FHF TFFe 747 221
g/100 g 361 /100 gS 2 A o] 379 §aFo] =& A=
Yelyth O35 559 uronic acid®} hexosamine?] &+
mAu 7262
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Fig. 3. DEAE-Sepharose chromatogram of polysaccahride
extract from sea hare muscle. The polysaccharide extract was
eluted by 50 mM sodium phosphate buffer (pH 6.0) and linear
gradient by 2 M NaCl at a flow rate of 1 mL/min on DEAE-
Sepharose column (1.6 x 15 cm), and detected at 254 nm. Fraction
was collected with 5 mL from number to number 12 and with
2 mL from 13 to 26. The total carbohydrates, uronic acid and
hexosamines of each fraction were assayed by the phenol-sulfu-
ric, MBTH and the carbazole methods.
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Table 4. Uronic acid and hexosamines contents in poly-—
saccharide extract (ASE) and purified glycosaminoglycan
(ASF) from sea hare muscle (unit: g/100 g)

Uronic acid Hexosamines

1.0+0.0" 56+0.2
6.0-0.2 25.7+13

Polysaccharide extract (ASE)
Purified glycosaminoglycan
(ASF)

! )Average +standard deviation.

ZFo 747 1.0 g/100 g3 56 g/100 go] Ao (Table 4),
DEAE-SepharoseS 53+ FAE 9] uronic acid®} hexos-
amine 35S Z+7F 6.0 g/100 g3 257 g/100 g 2. 2 A] uronic
acid gl AT FAZ= oF 69 AT

M| GAGE| M7 |YS "Ele EXEke| £

Agarose A 71952 Z2 FAAS GAGY ¢=&
AH(Fig. 4. B FEE7 ZAT GAGY] o5& E
A719 542 Aol A= chondroitin 4-sulfate & chondroi-
tin 6-sulfate$} 22 ©]5%=9 band’} YEFSTH 13y A
A g+ GAGE chondroitinase ABC lyase®} heparinase 12
Z 7z g At Arg A7195] BAAE hep-
arin®] o] =%} HI=3 XA band7} VEFRtTE
Heparinase IS ©]-8-3 @593 B4 GAGY H79F
TEe 25 A9 Fue= 22 heparin &4 A2 EFH
22 ol F=olA band7t YEhE RS AT F AN
™, chondroitin sulfate ABC lyaseZ A @FHEE
heparin & &2] o] =9} Y3 chondroitin sulfate
9} o] FE7F 22 band’} UEIA] ke Ad v]Fo] @
TEE X3 o] YW chondroitin sulfate7} &4l o3 &

=

o]

T - - ” W
origin .
CSA DS CsC HP ASE ASF
T . »
| .
origin
CSA DS CSC HP ASF-C ASF-H

Fig. 4. Agarose gel electrophoresis of polysaccharide extract
(ASE) and purified glycosaminoglycan (ASF) from sea hare
muscle before (A) and after (B) treatment of chondroitinase
ABC and heparinase I. CSA, DS, CSC and ASF-C were treated
by chondroitinase ABC, but HP and ASF-H were treated by hep—
arinase 1. Electrophoresis of GAG standards (50 pg/well) and de-
salted sample (0.5 mg/well) of ASE and ASF were performed
on a 0.6% agarose gel for 4 hours, and the gel was stained with
0.1% toluidine blue. CSA, chondroitin 4-sulfate; DS, dermatan
sulfate; CSC, chondroitin 6-sulfate; HP, heparin, ASF-C, purified
GAG by treatment of chondroitinase ABC; ASF-H, purified GAG
by treatment of heparinase I.
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mAu 29.6 kDa<—=
10 ——>Conductivity
5
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Volume (mL)

Fig. 5. Chromatogram of purified glycosaminoglycan from
sea hare muscle on a Superdex 200 HR column (1.0x 30 cm).
Gel-filtration revealed one peak of 29.64 kDa. The column was
eluted by 50 mM sodium phosphate buffer (pH 6.0), at a flow
rate of 0.3 mL/min.

=393 Ao g #aym B A9 GAGE heparan sulfate

DEAE-Separose©| 4] &5 %= heparan sulfate®] NaCl
o] Tl F=E 05~0.75 Mo|#(24) heparan sulfate= FZ
g 2 F& 2709 wet tE FeE e A7)9F band7t
Uehd oty B sFHoh(25). 283l o F48-9] uronic acide
GAGSH Z2H e 7oA TrdnteE Bi(19= FAIg
GAG7} heparan sulfated 7Fs4d<S ©& =oFch

AA GAGS] EA3FS Superdex HR 200 ZHo 2 =4
g A7} 296 kDao] EAES M EHAS gl AT
(Fig. 5). ¢F 30 kDa®] #2%FS 7}x GAGE heparin ==
heparan sulfateZ} 7} thE 32l GAGR26)EA o] 2L W
1= Ao FE3 gF AA|E ] heparan sulfated 7}
A4S AAE A4 AElol A heparin/heparan sulfate
family 9] #2472 <F 3 kDa*-E] 50 kDaoll o|27|7}A] FH

A BT AAAE nEA FHA I

Gt A 2 JEHd g3t FAF L A X A9S
AFE 2HEhaL e FadM O8R FE2S AT A
Z271& AESAY. #4 dRF FEE 95 oA s E
3 &A=+ Flavourzyme 500 MG7} 73 &3& o) a1,

] =
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FES UIF I5E A /P & FEEY
9} ethanol A 7}#-8 Z+7} Brix 603 5H) #o] 1tk DEAE-
Sepharose 28 AZvtEJgUE AL g2 utE 184} 9
A7NAEE} A7G%F o)Fxd| ZAst 05~0.75 M NaCl
Aol A £&5HE B2 GAGYS 91892 M, heparan
sulfate?] Ao 2 FAFAY dFFEETH HA GAGY
uronic acid g% 22 1.0 g/100 g3} 6.0 g/100 gol A1,
GAGE FA3l= AE 2 E XX EZQ hexosamine?| 3+

< F FEEH AAEANA 22 56 g/100 g 25.7 g/100

=3 7]

olr

54 1645

4

g0l At AAEL agarose A A7]9%F Ao A heparan
sulfateZ FAEH QoM Exge A 320l E T8 oA
296 kDao. 2 el

o] =R & BIE AR (LFT 7% Ahoz F
AP A0S wob 59 71%ATAHIY (No. KRF-
2008-313-F00089).
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