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Minced muscle !
Extract with 4 Vol. of 2%(v/v) Triton X-100/50 mM K-phosphate
I: buffer(pH 7.0) for overnight
Centrifuge at 15,000 % g for 20 min
Supernatant
Salt-out with (NH,),SO, in 30% saturation
E Stand overnight at 4°C
Centrifuge at 15,000 X g for 20 min
Supernatant (upper layer)
Dialyze against 50 mM K-phosphate buffer (pH 7.5)
[: for overnight
Centrifuge at 15,000 X g for 20 min
Supernatant
Apply on the DEAE-cellulose column (¢2.5 X 60 cm) which was
previously cdquilibrated with the above buffer
Elute with the 0~1 M NaCl in 50 mM K-phosphate buffer (pH 7.5)
Pool, concentrate
Apply on the Sephadex G-200 column (2.5 % 60 cm)
Elute with the 50 mM K-phosphate buffer (pH 8.0)
Pool, concentrate
Apply again to a Sephadex G-200 column($2.5 X 60 cm)
Elute with the 50 mM K-phosphate buffer (pH 8.0)
Pool, concentrate
Purified carotenoprotein

Fig. 1. Scheme of purification procedure for the caro-
tenoprotein from the muscle of Halocynthia roretzi.
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Table 1. Operation conditions of gas chromatography for a-
nalysing the fatty acid composition of lipid in caro-
tenoproteins of muscle from Halocynthia roretzi

Item Conditions

Shimadzu GC-14A, Japan

Capillary column(Supelcowax-10 fused silica
WCOT column, 30 m X 0.25 mm id., Supelco
Japan Ltd., Japan)

Held at 190°C for 3 min., then temperature pro-
grammed at 4°C/min to 205°C, and held at
this point for further 30 min

Carrier gas He (25 ml/min, split ratio 1:100)

Injection temp.  230°C

Detector temp.  250°C

Detector FID(flame ionization detector)

Instrument
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Fig. 2. Elution profile of the carotenoprotein from the mus-
cle of Haocynthia roretzi on DEAE-cellulose column by gra-
dient with 1 M NaCl in 50 mM K-phosphate buffer. Elution
conditions : buffer, 50 mM K-phosphate buffer (pH 0.8) flow
rate and fraction volume, 24 ml/hr and 6 ml
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ig. 3. Sephadex G-200 column of the carotenoprotein from
he muscle of Halocynthia roretzi obtained from DEAE-cel-
ulose column chromatography. Elution conditions : buffer, 50

K-phosphate buffer (pH 0.8), flow rate and fraction volume,
4 mi/hr and 6 ml.

o2 A43lE Sephadex G-200 ZofA B L2314}
<24 ml, 8% 4m)(Fig. 4). FAE carotenopro-
eine dise-PAGES} SDS-PAGEJ|A] =57} AR ow,
S

Carotenoprotein®] A, Fig. 50 vebd nls}l o] 463
9} 439 nmol| A HF5 S 7K, acetone/diethyl
ther(1:1, vWv)E =zl v AdZBE {F2Aj7]l caro-
noide] Huf FTHFL 452 am I 430 nmol A AT W
o] WERgtey. 0|9} 2ol acetonest & §71872 A2
T ogAsk7E Jehet] o] A2 carotenoid A+ B-
none I #]<of 4-9} 4-9)X]¢] keto groupd} apoprotein®]
ino group7tel| = schiff 7]} sulfhydryl groupS- ¥38}+3+
3 Age] ol nFRAF e R AFH 7] W'

cto groupE: Ajolol] So) Ml WidNFE Po7]7] B
BH9 PgAF FRL FE Row ARG D

5.0 - 0.5
—O— 280nm
—4— 468nm
4.0 4 Pool - 0.4
N 5
g 2
& 3.0 1 -032
2 g
g .
£ 20 - 02%
2 3
< <
1.0 - - 0.1
0.0 0.0
0 C20 40 60 80

Fraction number

Fig. 4. Sephadex G-200 column chromatogram of the caro-
tenoprotein from the muscle of Halocynthia roreizi obtained
from the first Sephadex G-200 column chromatography. Elu-
tion conditions : buffer, 50 mM K-phosphate buffer (pH 0.8)
flow rate and fraction volume, 24 mi/hr and 4 ml.
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Fig. 5. Comparative visible absorption spectrum of the pu-
rified carotenoprotein from the muscle of Halocynthia roretizi
( ) and its free carotenoid component in ethereal solu-
tion (-+--e--- ) after extraction.

L3 zlo] § F9] carotenoprotein 100 mgd A, X|2
9 carotenoid Z4Zr 45.9 mg, 53.6 mg L 0.015 mgo] T
o] 9lo1 (Table 2), FA = ZFZHo) vlste] 56 A
A= A1 gAe] 82 2.9%% T} (Table 3).

Milicua S°& 7}A(P. clarkiiyd 2 25-8] Triton X-100&
AFg3te] Ao Ml carotenoprotein Hu] FuAol
Ao 482 nmo) 3, B 515 0 4 astaxanthin¥} astaxanthin
ester7} 3 912, carotenoprotein 1 mgd 0.833 mg
o] A3} 0.178 uge) astaxanthin & astaxanthin ester”} §

Table 2. Composition of the purified carotenoprotein com-
plexes from Halocynthia roretzi [mg/carotenoprotein (100 mg)]

Component Muscle carotenoprotein
Protein 459
Lipids 53.6
Carotenoids 0.015
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Table 3. Purification of the carotenoprotein from the muscle of Halocynthia roretzi

Procedure

Volume (m/) *Total protein (mg) *Carotenoprotein (mg) Purification (C/T)" Yield (%)
1. Crude extract 1,000 6462 607 1.0 100.0
2. 20% (NHL),SO, 485 1764 364 22 59.9
3. DEAE-cellulose 99 542 184 3.6 303
4. Sephadex G-200 gel filtration 38 99 41 4.4 6.7
5. Sephadex G-200 gel filtration 25 38 18 5.0 2.9

*Total protein measured by Lowry assay

“The amount of carotenoprotein is calculated by the equation: Absorbance at 463nm X Volume of solution m/.

*C/T : carotenoprotein/total protein

FHEAT B, o] A B AT et @A
g zolzt gl 7VAA. leptodactylusyd Ao A BalE
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Disc- SDS-

Fig. 6. 5% Disc- and 9.5% SDS-PAGE of purified caro-
tenoprotein from the muscle of Halocynthia roretzi. Lane 1 :
Carotenoprotein, Lane 2 : Subunits of the carotenoprotein, Lane 3
: Marker protein [A; B-Galactosidase (116 kDa), B; Fructose-6-
phosphaste kinase (96.4 kDa), C; Pyruvate kinase (80.4 kDa). D;
Ovalbumin (55.7 kDa), E; Lactic dehydrogenase (43.7 kDa), F;
Triosephosphate isomerase (38.8 kDa)]
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Fig. 7. Estimation of molecular weight of the purified caro-
tenotein from the muscle of Halocynthia roretzi by gel fil-
teration with Sephadex G-200.
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Fig. 8. Comparative visible absorption spectrum of the purm
of the purified carotenoprotein from the muscle of Halo-
cynthia roretzi at pH 3, 7, and 11.
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ig. 10. Visible absorption specturm of the purified caro-
enoprotein from the muscle of Halocynthia roretzi in buffer
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Table 4. Amino acid composition of the carotenoprotein
from Halocynthia roretzi (mol %)

Halocynthia

. 0. limosus A. leptodactylus
Amino roretzt
acid Muscle Yellowish-red Blue
carotenoprotein  carotenoprotein*”  carotenoprotein*?
Asn 11.31 84 9.0
Gln 10.62 11.2 78
Lys 5.25 7.6 7.7
Arg 2.41 - 4.8
Thr 5.22 4.7 6.2
Val 6.43 112 9.1
Ile 5.12 4.1 52
Leu 6.03 55 6.3
Phe 2.79 - 8.0
Ala 7.61 193 9.3
Ser 13.35 124 57
Cys 1.18 - -
Gly 15.39 14.1 ‘ 73
Tyr 1.51 - 7.0
Met 3.30 trace 0.6
His 2.48 14 25
Pro ND - 33
Try ND - -
P 50.64 45.7 43.7
S 23.00 334 16.6
HX.P. 24.26 36.00 234
HXB. 15.39 14.14 10.6
HB. 23.7 17.1 23.7
BS. 14.9 153 14.9
HP.G 31.28 40.0 418

ND : none. detected.

P=polarity index : Asn, Thr, Ser, Gln, Lys, His, Arg

S=small amino acids : Ala, Gly

HX P.=helix promoting group : Gin, Ala, Leu

HX.B.=helix breaking group : Pro. Gly

H.B.=hydrogen bonding group : Ser, Thr, Cys, Tyr, Arg

B.G.=p-sheet promoting group : Met, Val, Ile

HP.G.=hydrophobic group : Val, Ala, Leu, Ile, Phe, Pro, Ttp, Met

*V From the American crayfish, O. limosus (Czeczuga and Krywuta,
1981)

*» From the carapace of the crayfish, A. leptodactylus (Rivas et al.; 1988)
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Table S. Fatty acid composition of the carotenoprotein from
the muscle of Halocynthia roretzi

Fatty acid Content(%)
Myristic Cuiao 7.7
Palmitic Ciso 15
Stearic Ciso 7.9
Arachidic Cao 53
Behenic Chuo 2.9
Lignoceric Cuo 12.8
Y Saturates 38.1
Myristoleic C14; 1(@-5) 21
Palmitoleic Cis1an 154
Oleic Cisaes 1.8
Gadoleic Cooinny 114
Erucic Cra@s) 14.5
TMonoenes 452
Linoleic C1s;z(n5) 12
Linolenic Cisags 4.5
Homo-y-linolenic Cusws) 1.7
Arachidonic Caa06) 1.6
Eicosapentaenoic Cas@a) 23
Docosahexaenoic Crisps) 1.6
ZPolyenes 11.7
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Purification and Characterization of Carotenoprotein from the Muscle of Ascidian, Halocynthia

roretzi

Se-Kwon Kim*, Ok-Ju Kang,' Hee-Guk Byun, You-Jin Jeon and Jong-Bae Kim,"(Dept. of Chemistry, Pukyong Na-
tional University, Pusan 608-737, Korea; 'Dept. of Food Science and Nutrition, Dong-Ju Woman's Junior College,
Pusan 604-080, Korea; "Dept. of Sea-Food Science and Technology, Kunsan National University, Kunsan 573-702,

Korea)

Abstract : A carotenoprotein from the muscle of Ascidian (Halocynthia roretzi) was purified by ion exchange
chromatography and gel filtration chromatography, and analyzed molecular weight, stability of pH and heat, effect
of denaturing agents, amino acids and fatty acids composition. The purified carotenopotein had absorption maxima
of 463 nm and 439 nm. The carotenoprotein had an approxmimate molecular weight of 64.4 kDa in polyacryl-
amide gel electrophoresis. The amino acid compositions of carotenoprotein were mainly Gly (15.39%), Asn (11.
31%), Gln (10.62%) and Ser (13.35%). The major fatty acids composition of carotenoprotein were Cisier (15.4%),
Coinn (14.5%) and Cyery (11.4%). The monounsaturated fatty acids (45.2%) contained abundant content compared
to other saturated (38.1%) and polyunsaturated (11.7%) fatty acids.

Key words : carotenoprotein, Ascidian, characterization, amino acid, fatty acid
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