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Abstract

To elucidate food value and medicinal effect of sea cucumbers, sugar composition of those gly—
coprotein and chondroitin sulfate was studied. The contents of sulfate esters in sea cucumbers were
1.21%(blue), 0.90%(red) and 1.19%(black). Predominant carbohydrates were identified as fucose, glucose,
D-mannuronic acid and N-acetylglucosamine, and those amount was more than 80% to total carbo-
hydrate, while the minor sugar composition was ribose, mannose, galactose, N—acetylgalactosamine
and D-glucuronic acid. Also, the major carbohydrate moiety of glycoproteins of sea cucumbers was
revealed as fucose, mannose, N-acetylglucosamine, glucose and ribose, and those amount was more
than 86% to total carbohydrate. Galactose, N-acetylgalactosamine, D-glucuronic acid and mannuronic
acid were minor carbohydrate moiety. The contents of sulfate esters in glycoproteins were 0.96% for
blue sea cucumber, 1.15% for red sea cucumber and 1.13% for black sea cucumber, while those in
chondroitin sulfates were 3.52%(blue), 3.60%(red) and 3.72%(black). The carbohydrate moiety of
chondroitin sulfate was identified as N-acetylgalactosamine(73~87%), fucose(7 ~15%) and D-glucuronic
acid(5~12%). As the base on the IR spectrum of strong absorption appeared in 1240cm™ for stretching
vibrations in S=0 group and weak absorptions in 850cm™ and 820cm™ for stretching vibrations in
C-0-S group, chondroitin sulfates had sulfate group which was bound to Cs in fucose.
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Table 1. Operating conditions of the GC used for anal-
ysis of ChS” and monosaccharides in sea cu-~

cumbers
Instrument: DS6200
Column: DB-1

Oven temp.: 280°C

Injection temp.: 250°C

Detector temp.: 250°C

Injection volume: 2ui

Split ratio 50 : 1

Carrier gas: He

Make up gas: N2

Detector: Flame Ionization Detector

DChondroitin 4-sulfate
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Fig. 1. Gas chromatograms of trimethylsilylated standard monosaccharides.
Peak 1,2: arabinose 3: ribose 4,5 fucose 6,7: xylose 8,14: galacturonic acid 9,10: mannuronic acid

11: mannose 12,13: galactose 15,16: glucose 17: glucuronic acid 18 N-acetylmannosamine
19: N-acetylgalactosamine 20: N-acetylglucosamine 21: myo-inositol 22: N-acetylneuraminic acid



7 FE5 - 2HA - AAS

Table 2. GC/MS conditions for chondroitin sulfate
analysis

Instrument: Kratas profile HV-3
Shimadzu GC 14B
Gas chromatography
Column: HP-Ultra 1(dimethylpolysiloxane)
50m X 0.2mm X 0.11¢m film thickness
Head pressure : 100kPa
Injection temperature : 260°C
Oven temperature : 100°C(5°C/min)—250°C{(5min)—
280°C(20min)
Carrier gas @ 1ml He/min
Split ratio : 2 :-1
Mass Spectrometer
Magnetic sector type
Analyzer electron impact
Ionization voltage : 70eV
Filament limit : 5.5A
Source temperature : 200°C
Mass range : 600 amu
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Fig. 2. GLC patterns of trimethylsilylated monosac—-
charides and those derivatives in sea cucumbers.
Peak 1: ribose 2,3: fucose 4. mannuronic acid

5! mannose

mannuronic acid, N-acetylglucosamine 5] 58 7
AR ORFHE T Z e FF DAY 80%
o] A& A}x]) 314 1 ribose, mannose, galactose, N-
acetylgalactosamine, D-glucuronic acid < vl &
A2 vepydrl ey 4 A -$-9l& ribose
o] FAugo] t}E AAE vjd] Y5o] ol 1
A|4AET AEAS 2yt

ghctiEo| sulfate esters, CietR &t ¥ 714
|

EA 7 Z 8| Aol 4] DEAE-cellulose ion exchange
chromatography & #&3F 832 E2AZA 7] g
WA o] A FF9 chromatogram®} sulfate esters,
)% 52 Fig. 39 Table 40 Ve glel. Sulfate
esters®] ¥ FAAZIE LA A4 T4 2
Eato] z47} 0.96%, 1.15% 2 1.13%% bt =, i



A4 S9ET Z9 FauAe] B4 o4 1. H4 Budd U PATER)NY feadT 54

75

Table 3. Contents of sulfate esters and polysaccharides in sea cucumbers and sugar composition of those poly-

saccharides

Items Blue Red Black
Sulfate esters(%) 1.21 0.90 1.19
Polysaccharide(%6) 25.25 2697 23.08

Sugar moieties in polysaccharide(%)?
Ribose 7.30 13.06 553
Fucose 31.19 30.84 29.81
Mannose 2.81 472 6.20
Galactose 3.21 335 356
Glucose 23.18 16.35 25.30
D-Mannuronic acid 14.82 13.12 13.16
N-Acetylgalactosamine 1.75 1.10 1.43
D-Glucuronic acid 1.40 272 1.12
N-Acetylglucosamine 13.84 1474 13.89

1)Dl'y weight basis

ACalculated from GC analysis, considering the total amounts under the nine monosaccharides and those derivatives as

100%
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Fig. 3. Gas chromatograms of carbohydrate component
in trimethylsilylated derivatives of glycoprotein
from sea cucumbers by DEAE cellulose ion ex-
change chromatography.

Peaks are same as Fig. 2.
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Table 4. Contents of sulfate esters and polysaccharide in g]ycoprotein” from sea cucumbers fractionated by DEAE

cellulose ion exchange chromatography and sugar composition of those polysaccharides

Items Blue Red Black
Sulfate esters(%) 0.96 1.15 1.13
Polysaccharide(%5) 61.20 58.70 62.70
Sugar moieties in polysaccharide(%)?
Ribose 6.91 9.69 5.96
Fucose 25.14 28.51 25.68
Mannose 24.90 21.77 18.46
Galactose 2.08 504 1.07
Glucose 9.20 5.87 12.87
D-Mannuronic acid 277 3.02 6.53
N-Acetylgalactosamine 553 3.42 10.49
D-Glucuronic acid 2.60 224 3.39
N-Acetylglucosamine 20.87 20.44 15.55

1)Glycoproteins were prepared using DEAE cellulose ion exchange chromatography
ICalculated from GC analysis, considering the total amounts under the nine monosaccharides and those derivatives as 100%
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Fig. 4. GLC patterns of trimethylsilyated chondroitin
sulfate from various sea cucumbers.
Peak 1,2: fucose, 3,6: N-acetylgalactosamine,
45 D-glucuronic acid
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Fig. 5. GC chromatograms of trimethylsilated chondroitin

sulfate(ChS) standard.

(A) Chondroitin 4-sulfate(standard)
(B) Mixture of fucose, N-acetylgalactosamine and

D-glucuronic acid
Peak 1, 2! fucose

3, 4, 6, 7. D-glucuronic acid
5, 8, 9: N-acetylgalactosamine
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Table 5. Yields, sulfate esters content and carbohydrate profiles of chondroitin sulfates from sea cucumbers'?

Items Blue Red Black

Yields(%) 281103 262102 263105
Sulfate esters(9%) 352%03 3.60+0.1 3.72+02
Polysaccharide(%) 75.40+1.7 721713 731015
Monosaccharide(%)”

Fucose 6.9504 10.01+0.7 14.92+0.8

D-Glucuronic acid 623105 5.13£0.1 12.01£0.3

N-Acetylgalactosamine 86.72+6.2 84.86+5.8 730757

YMean=*S.D.
“Dry weight basis

¥Calculated from GC analysis, considering the total amounts under the three monosaccharides as 100%
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Fig. 6. Mass spectrum of 8-L-galactopyranoside, meth—
yl-6-deoxy-2,3,4-tris-o-(trimethyl) from ChS
standard and chondroitin sulfates of sea cucum-

bers.

S: Derivative from chondroitin sulfate standard
(Sigma Co.)

A: Derivative from chondroitin sulfate in blue sea
cucumber

B: Derivative from chondroitin sulfate in red sea
cucumber

C: Derivative from chondroitin sulfate in black sea

cucumber

Fig. 7. Mass spectrum of 8 -D-galactopyranoside, meth—
y1-2,3,4 6-tetrakis-o-(trimethy!) from ChS stan-
dard and chondroitin sulfates of sea cucumbers.
S: Derivative from chondroitin sulfate standard
(Sigma Co.)

A: Derivative from chondroitin sulfate in blue sea
cucumber

B: Derivative from chondroitin sulfate in red sea
cucumber

C: Derivative from chondroitin sulfate in black sea
cucumber
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Fig. 8. Mass spectrum of a-L-glucopyranoside, methyl-
2,3,4,6-tetrakis—o—-(trimethyl) from ChS standard
and chondroitin sulfates of sea cucumbers.

S: Derivative from chondroitin sulfate standard
(Sigma Co.) i

A Derivative from chondroitin sulfate in blue sea
cucumber

B: Derivative from chondroitin sulfate in red sea
cucurnber

C: Derivative from chondroitin sulfate in black
sea cucumnber
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Fig. 9. IR spectrum of the chondroitin sulfate standard.
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Fig. 10. IR spectrum of the chondroitin sulfate from
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