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Abstract

To clarify the potentiality of sea cucumbers as dietary food, the effects of those glycoprotein on
dietary proteins and physicochemical properties of those proteins were studied. Crude glycoprotein
was efficiently extracted using 20mM sodium phosphate buffer(pH 7.0) and by salting out with 80%
ammonium sulfate saturation. The fractions obtained through the DEAE-cellulose ion exchange
chromatography was identified as glycoprotein by Schiff’s reagent and SDS polyacrylamide gel electro-
phoresis. The yields of each glycoprotein from the three kinds of sea cucumbers were 0.814(red),
0.184(blue) and 0.232(black) and the molecular weights of the glycoproteins subunits were ranged
from 20,000 dalton(blue and black) to 29,000 dalton(red), respectively. The electrophoretic patterns
of the glycoprotein isolates were similar to each other and any significant difference in amino acid
pattern was observed. Predominant amino acids were Asx(aspartic acid and asparagine) and Glx(glutamic
acid and glutamine) ; in contrast, histidine and methionine were below 2% as compared to total amino
acids. Water holding capacities of the glycoprotein isolates from red, blue and black cucumbers were
equally 100% and emulsion activities ranged from 53% to 64%. In addition the emulsion stabilities
were 7.04, 1.37 and 2.44, respectively. In vitro digestibility of some proteins(casein, SPI and squid)
was decreased as increasing the level of the freeze dried sea cucumber powder and glycoprotein
isolates. But squid protein was not affected.
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Table 1. Body weight and edible portion of sampled sea cucumbers

Red Blue Black
sea cucumber sea cucumber sea cucumber
Body weight(g) 7296 433" 72.96+4.33 535613.05
Edible portion(%) 59.65+3.23 62.31+3.24 57.58t2.32

YMean+ standard deviation

Freeze dried sea cucumber powder

Make suspension with 20mM sodium phosphate buffer(pH 7.0)
at 4°C for 24hr, and centrifuge (12,000rpni, 30min.)

Supernatant

Salt-out with 80% ammonium sulfate saturation and
centrifuge(12,000rpm, 30min.)

Precipitate

Dissolve with of 20mM sodium phosphate buffer(pH 7.0)
and dialyze with 100vol. of the same buffer at 4°C for 8hr.
Crude extract

Apply to DEAE-cellulose column preequilibrated

with 20mM sodium phosphate buffer(pH 7.0)

Elute with the same buffer and 0.5M and 1.0M NaCl
solution, stepwisely

Glycoprotein isolates

Fig. 1. Preparation of glycoprotein isolates from sea cucumbers.
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Table 2. Proximate composition of sea cucumbers
(g/100g sample)

Component Blue Red Black
Moisture 901*14 89.0*12 937%15
Crude protein 3.8%0.1 3.1%02 23%0.1
(NX6.25) (384%15) (282+1.4) (364£17)
Crude lipid 04+03 03*02 03%02

(37£02) (26102 (44%0.3)
Crude ash 32+03 37+01 34202
(323+0.4) (336+0.4) (53.2106)

Mineral(g/100g)”

Na 121405 123+06 161+02

Ca 81+02 58*02 6702

K 01+0.0 02%00 02+00

Fe? 167£05 188+03 21707

Zn? 57102 59102 54105

cuv? 08+0.1 0701 12+02

UNummericals in parenthesis represent percentile ratio
as moisture free basis
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Fig. 2. Capillary gas chromatograms of trimethylsil-
ylated chondroitin sulfate(S) and sea cucumbers

(A, red ; B, blue ; C, black).

Conditions : column, fused silica 25mm X 0.2mm
i.d. carbowax 20M phase(film thickness 0.2mM)
; column temp. program ; 120°C(0.5min.) to 230°C
at 8°C/min ; injection temp. ; 230°C ; FID temp.,
250°C ; injection, 1w} split ratio ; carrier gas flow
rate, N 100ml/min.
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Table 3. Comparisons of chondroitin sulfate contents
determined by the spectrometric and gas chro-

matography (mg%)
Sea cucumber Spectrophotometry” Gas chromatographyw
Red 31604*214 6273+ 52
Blue 2660.7%132 172651135
Black 2730.3%115 2199.2+11.7

D P -
Values of acriflavin solution
2) . R

GC conditions: same as in Fig. 2

Sef o] ool FH Al EAlstz 9o, ¢
Fhe X 7] 5ol el w8 A3l 2, 89l gas chro-
matographyol &8 Z4E = Ro]3 e RFF(Sigma
A}, chondroitin sulfate A)3} retention time-% 8] 13}
o AA s cH(Fig. 29t Table 3). TAAZRNAEZ
2} BAHE =0’ B4 ol 4] 2,660~3,150mg%,
GCHI ol A & 627~2,200mg% 2 A==l =H, GC
Hroh BFEAe ko] W AL oE odFel
23t olzE| EeiRlY) AT G} ot A2 A7)
=oh@21).

FARAzNE F AAEEE AR A A E
(casein, ¥, FH Y325 2 2 Ao shula)o] Hr}
gto], 28b-&ol v A& F & 218l Fig. 30 et
wWaleh 40% 3 71e & o casein, 2% % Fuhwal
F%Eo] 6%, 5% ¥ 35%2 43& 2 E ehd
uhel], 2 Ao} Al o] thsiAi e AdEol iy 4
2 A9 glgith

gergel 25 o 54

a2l -8 DEAE-cellulose ion exchange chro-
100
96 O casein v SPI(#)

@ dried milk ¥ squid

&
~ o2p
z
= S
2 ,_;z‘%\
% 88t T —— @y
& &
3 0\ —
o Baf ™
5 .
3 3 S ._k‘f
£ so—"" r¢’/é’

76 1 1 L

] 10 20 30 40

Added sea cucumber (%)

Fig. 3. Effect of freeze~dried blue sea cucumber on in
vitro digestibility of various food proteins.
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Fig. 4. Stepwise elution of DEAE cellulose column chro-
matography using the 80% saturated ammonium
sulfate salted-out fraction of the freeze-dried
sea cucumber extracts.

Table 4. The yields of glycoprotein isolated from sea

cucumbers
Sea Yield
cucumber (g/100g freeze dried edible portion)
Red 0.814
Blue 0.183
Black 0.232
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Fig. 5. SDS polyacrylamide gel electrophoresis of the
proteins extracted from sea cucumbers.

Lane 1 : fractions eluted with sodium phosphate
buffer(pH 7.0) using the red sea cucumber
extract

Lane 2 : fractions eluted with sodium phosphate
buffer(ph 7.0) using the blue sea cucumber
extract

Lane 3 : fractions eluted with sodium phosphate
buffer(ph 7.0) using the black sea cucum-
ber extract

M : molecular weight markers

Lane 4 : fractions eluted with 0.5M NaCl elution

using the red sea cucumber extract

Lane 5 : fractions eluted with 0.5M NaCl elution

using the blue sea cucumber extract

Lane 6 : fractions eluted with 1.0M NaCl elution

using the blue sea cucumber extract

Lane 7 : fractions eluted with 0.5M NaCl elution

using the black sea cucumber extract

8.0

4.8

4.6

4.4

Log molecular weight
]
>

4.2

4.0 y T T T
0.0 0.2 0.4 o.e 0.8 1.0

Rf

Fig. 6. Molecular weight estimation of the glycoprotein
subunit by SDS polyacrylamide gel electro-
phoresis.

The molecular weight of standard markers were
as follows ; phosphorylase b, 97KD ; bovine serum
albumin, 66KD ; ovoalbumin, 45KD ; carbonic anhy-
drase, 31KD ; trypsin inhibitor, 21KD ; lactate
dehydrogenase, 14KD

A : major glycoprotein of red sea cucumber.

B : major glycoprotein of blue sea cucumber.
C : major glycoprotein of black sea cucumber.

1 2 3 M 4 5 6 7

Fig. 7. Electrophoregrams of glycoproteins from sea
cucumbers by Schiff’s reagent staining.

Lane 1~7 and M were same as Fig. 5.
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Table 5. Amino acid composition of glycoprotein isolates from sea cucumbers (g/100g protein)
Amino Freeze dried Glycoprotein isolates

acid sea cucumber Red Blue Black

Asx” 9.4 12.0 11.1 108

Glx® 129 15.0 133 125

Ser 42 4.0 4.0 42

Gly 15.1 6.0 4.7 5.0

His 1.1 2.0 1.3 16

Arg 7.1 4.0 47 47

Thr 46 6.0 6.7 6.7

Ala 6.2 5.0 4.7 4.2

Pro 75 6.0 6.0 58

Tyr 2.2 3.0 2.7 25

Val 3.8 7.0 6.7 75

Met 13 2.0 2.0 1.7

Ile 31 6.0 53 5.0

Leu 42 50 6.7 6.7

Phe 2.7 6.0 53 5.0

Lys 32 7.0 6.0 5.0

Total 88.6 96.0 91.9 889

1)Asparagine +aspartic acid IGlutamine + glutamic acid
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Table 6. Viscosity, emulsifying property and water holding capacity of sea cucumbers and glycoprotein isolates

from sea cucumbers

Emulsifying properties(%)

Water holding

Sea cucumber (XIISaCOSslg” capacity
: Activity Stability (%)

Freeze dried powder.

Red 41.7+25 453+3.2 9135%14.6

Blue 37.3*21 451147 67351128

Black 31.1+19 383%x35 8705*125
Glycoprotein isolates

Red 71%04 64.1%+25 702%51 -

Blue 14%0.1 531+31 60.7+4.7 -

Black 24%=0.1 55.3%3.1 653156 -

1)Centipose : Coefficent of friction

Table 7. Changes in in vitro digestibility of various
proteins by addition of glycoprotein isolates
from blue sea cucumber

Added glycoprotein(w/w)

Proteins
0% 10% 20%
Casein 90.0 88.7 846
Dried milk 86.6 789 76.7
Soy protein isolate 83.5 82.0 79.7
Squid 80.5 80.0 79.0

7t BAAEE A A4 Y S4e] R4y
£ 9134%, 673% H 870.4%E vlebytch,

A58
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