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Most of cdrotenoprotein complexes have been extracted by using buffered solutions.
However, in this study carotenoprotein from the muscle of Blue mussel(Mytilus edulis)
was extracted by a detergent such as Triton X-100. It was purified and characterized by
20% (w/v) (NH,),S0,;, DEAE-cellulose ion exchange and Sephacryl $-300 gel filtration.

The carotenoprotein(Aq.=462nm) had an approximate M. W. of 372KDa(gel filtration).
SDS-PAGE analysis of the carotenoprotein indicated the presence of four polypeptides of
60KDa(23.70% ), 46.9KDa(9.14% ), 26KDa(49.14%) and 13KDa(18.02%). Carotenoprotein
denaturated by treatment with SDS to a final concentration of 0.2%(w/v) caused a
hypsochromic shift of Aua from 462nm to 456mnm. The carotenoprotein contained lipids as
structure units. The amino acid composition of the carotenoprotein contained large
essential amino acid amounts of 62.8%, and the content of threonine(359%) was higher
than other amino acids, but histidine, methionine and proline were not present. In the
carotenoprotein, the major fatty acids were Ciss, Ciso, Caos and Cas. The percentages of
polyunsaturated fatty acids(62.4%) were higher compared to other fatty acids(saturated
fatty acids 19.6%, monounsaturated fatty acids 18.0%).

Carotenoid was extracted from the carotenoprotein by acetone and it was separated into
five different components by preparative TLC(benzene:petroleum ether:acetone=69:17:
14). The major components of carotenoid were mytiloxanthin(74.79%) and 34,3
trihydroxy-7',8'-didehydro-8-carotene(18.26 %), and they were at least presented as
prosthetic groups of carotenoprotein.
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Carotenoid-protein B+ 333 449
atolo we} carotenoprotein®} carotenolipoprotein
EZAE EFE™, AAE carotenoid?t ST
A EE glycoprotein® FEFEHo 2 Ay A
o)1, F2}= carotenoid 199 AL F{FF -
poprotein® ZA## A o|th(Zagalsky, 1985). Caro-
tenoproteine WHE carotenocid’t @Az AE
go =M carotenoid UV &4 spectrum® vt
o]5 o] #&5= Ho] EF o]t} Carotenoprotein
free carotenoid®] LAY g EIZM, A5
A AN A e 4G o3 glog, ol B
A}#-& 35,000~1005F dalton®ll | 27]71x] & YA
TEHY AHA F, 1990).

Carotenoprotein®] T4 /3%-<] carotenoide A
A T HVMER o|&HI 9on, o Hyd
= HEW A9 ATFEIR AAI2 Fo
gtk A2 de] 438 A doh. &3], B-carotened}
HET A FEAEY 2 dAZE QN A4
A dFEe] JAHL oy, 1 A7 gt
Zmo| A carotenoid®] F8Ao] AZHu Yo}
(Fabian and Shvartzmayer, 1986; Olson, 1989; Ka-
zuo, 1991).

Carotenoprotein® ojujv} 3tz Fol A S,
carotenolipoproteine &), W4, 89 Fo g
&) 3} (Britton and Goodwin, 1981). Cheesman
et al.(1967)& FHFFEZHE oF 75%9] carote-
noproteine A AH, 1 FolA of 50% 7} ZA
carotenoprotein®l ATHL B33 ¥ Zagalsky (19
70) 2 Zagalsky®} Herring(1972) 2 A zZt7(+H#
) "dolA B2 A4 carotenoproteino] &4 3}
3199 3L, Garate ef al.(1986) 3 Milicua ef a/.(1985)
7Y A (Procambarus clarkii) RN 2zt 34 g
A carotenoprotein®] EA i H 3l oH,
o] &) 7t} F o 7}F#H 718 F carotenoprotein®}
ol #F Hurt YW (A F, 1990; Simpson
and Haard, 1985; Cano-Lopez et al, 1987).

B} F2 carotenoidol #HI} AT EM= HlAF
(Veneus japonica), B3 (Meretrix lusoria), 7}2+Z 7N
(Corbicula japonica), ¥ ZN(Anadara broughtonii)
9 2371214 (Pecten albicans)Z7F 13 (Shimizu ef
al, 1968a~e), VTG (Mytilus edulis) 5o #H3t
H 37 (Campbell, 1970; ©] ¢} 7, 19717} gloy}, &
W A o] carotenoid?t B {3ty BFAE ©]FE ca-
rotenoprotein®} S5/ T BiE Fo} B & ¢
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1. M =

Ago AMEE AFFA(FH) = 1993 3€9]
F4 2FF FEIAAAA TUE BEFFE 2791
g BaZtZ 7.03cm, BAZL 374om) A EE F&
2 A 24¢ g, W3S AAREL &€ FF
F2 53] A3t cheesecloth® F31m FA7)
(Ace homogenizer AM-7, Tokoyo, Japan) 2 ¥4
(5,000mpm, 2min) N7 F A 82 AMG3FATH

2. Carotenoprotein®| =&

A8 400g1 F&A[5% (v/v), Triton X-100/50
mM Na-phosphate buffer, pH 7.0] 1,600mIE 7}3}
of < 12417 el &% g AAEE
(15,000Xg, 20min) 3+ pellets] MZo] $As] F
Aol & w712 33 &3, A F2H4E 045 um
membrane filter(Whatman, England) 2 od3}3lo
-20Ce H@std T Afol AME-Ech

3. Carotenoprotein2| X |

Carotenoprotein® A #8-2 Fig. 1} e
upo}zo] 20% (w/v) (NH,),S0.2 FXAIA M4
ol A 12417 A F g, YAE(15000Xg, 20
min) 3t} FEF AL FA(MW. 6,000~8000) % F
FAAE A4EE(15000Xg, 20min) 3, 2 4%
4 S DEAE-cellulose’t 3 d Ao s=7uly
o2 8&AA o £ Sephacryl $-300 F
A& o]&3t gel filtration HHl 3] P 3t

4. 7|0l 2M

A A <212 Davis(1964) 9] Wl wel disc-pol-
yacrylamide gel(Disc-PAG) A 7]o]5¥4& A A3}
At

5. EXiZ &%

Laemmli(1970) 9] %ol w2} sodium dodecyl
sulfate-polyacrylamide gel(SDS-PAG) A 7|05 &4
€ AANYey, EEEWMAZE aprotinin{M.W.
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Minced muscle

- AgH - AAD

Extract with 4 Vol. of 5% (v/v) Triton X-100/50mM Na-phosphate

buffer(pH 7.0) for overnight

Centrifuge at 15,000Xg for 20min

Supernatant

l Filter with 0.45 tmm membrane filter

Filtrate
Stand overnight at 4C

Supernatant(upper layer)

Supernatant

Pool, concentrate

Pool, concentrate

Pool, concentrate

Purified carotenoprotein

Salt-out with(NH,),SO; in 20% saturation

Centrifuge at 15,000Xg for 20min

Dialyze against 50mM Na-phosphate buffer(pH 7.5) overnight
Centrifuge at 15,000Xg for 20min

Apply on the DEAE-cellulose column(@®2.2X45¢m) which was
previously equilibrated with the above buffer
Elute with the 0~ 1M NaCl in 50mM Na-phosphate buffer(pH 7.5)

Apply on the Sephacryl S-300 column(@ 2.2X68m)
Elute with the 50mM Na-phosphate buffer(pH 7.5)

Apply again to a Sephacryl S-300 column(@d2.2X68cm)
Elute with the 50mM Na-phosphate buffer(pH 7.5)

Fig. 1. Scheme of purification procedure for the carotenoprotein from the muscle of blue mussel.

=6.5KDa), cytochrome c(M.W.=124KDa), carbo-
nic anhydrase(M.W.=29KDa) % bovine serum al-
bumin(BSA, MW.=66KDa)¢] EFEE AH&3H
o}, 2] o|FAE 3 RFEUW A
B2 3} subunite] FE A2FEA Y Carotenopro-
tein®] ¥ 2% Sephacryl S-300 gel filteration co-
lumng AH&3te] ZR8 At FETUAZE bo-
vine serum albumin(BSA, M.W.=66KDa), alcohol
dehydrogenase(M.W.=150KDa), apoferritin(M.W.
=443KDa) ¥ thyroglobulin(M.W.=667KDa)-& A}
fatgen, £29 35 2EF=APYE uni-
cam, UV/VIS 8610, UKD = 280mmolA FZ=E
E43sto 2t ddo LR I(V.)E A3 A).
ZA"H V.2RY A" 2uiAsd el 2EF
A& 1eli o] F49] we} carotenoproteinit A} F

< A3 A

6. opj=i 4

Carotenoprotein®] ©}vl:=4t 24L& AlE 10mgS
ampoule® B3l 6N HCI 25miE 718 & 253l
110 Tl A 24413t &2t A7be s ate] AF3ds
% 71(EYELA N-1N, Tokyo, Japan)olA &+& A
AAZ F, citrate buffer(pH 22) 2 3£ (25mD) 3}
o ofn]i=4it A5 &4 7] (Hitachi, Tokoyo, Japan) 2
48k th

7. pH otMA

Carotenoprotein 942 pH 3~117}A12] 1M &
F8 A citric acid-sodium citrate(pH 3~6), Na
HPQO,-NaH,PO,(pH 7~8), glycine-NaOH(pH 9~
10), Na,HPO,-NaOH(pH 11)] 3mi7} Zt7Z} Eolgle
Al ol 0.2mi4 23 20T waterbatholl A 4413t
&<t incubationA] 71 ¥ carotenoprotein®] & o 9
Aoax=462nm) A X FB=E &35l pH ¢AHA
< ZE3IY*h
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AFEFA 283549 A Carotenoprotein®] FA| 2 EA

8. SiMxe| g

Alg ol carotenoprotein & 3mlE ¥ WA
AZA sodium dodecyl sulfate(SDS)E 0.2% (w/v)
A 74sted 59 F, 7HAIR 4 S (400~600nm) °l
A HddRpe) ¥E e AH £33 %7 (Shima-
dzu U-3210, Tokyo, Japan) 2 733t th

9. X|giad 24

Bligh and Dyer(1959) ] #holl mie} ¥z gag
carotenoprotein® F¥ FX 4% F&3 5, At
F235 gorr Y] A5ty FAA 100mgs "9 3
IN KOH-95% ethanol& 22 Z#Agd g, 78
E$ 14% BFs-methanol$ 3m! 743t 95Tl A 30
27 #R771dstd WA methyl esterS 243}
A}, o] A& capillary column(HP-20M fused silica
column, 25mX02mm id., Hewlett Packard, PA,
USA)°] #Z#" GC(Shimadzu GC-14A, Tokyo, Ja-
pan) 24 EAsgTh Agaryge EMzAe
injector 2 detector(FID) X+ 47 230C, 250C,
column €% 205C% 3t¥ L, carrier gase F4
(25ml/min) S AH&-3tY oo, split ratiox 1:1002
2 9o &4 Adpake) 4L EF A4 methyl
ester?) retention time¥9] Hla Z AHHAte] o]
A9 retention timeZ o] FRAIHZE o] 83}
o i=g

10. Carotenoid2| 22|

Khare et 2l.(1973)2] W& W&} carotenop-
rotein® E5E] carotenoidE F&3t. =, HAE
carotenoprotein®] UAFE 45 &Y 3vfFe| ace-
tone2 7}8t22 F A7) (Ace homogenizer AM-7, To-
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A iAot

5%4 carotenoidE preparative TLC(silica gel
60F, benzene:petroleum ether:acetone=69:17:14) 2
Eastgd. 22 AAE carotenoid® TEH 54
S 47 243t Buiv], acetyldt wHE, allylic-OH
FA4A ¥, TMS3} 9H5, NaBH,ol 9¢ 89 vhg,
Lol 93 o]43 wg 2 d4t epoxide AlE 5
£71 vteg E3d HEUE dsigen UV
(Shimadzu U-3210, Tokyo, Japan) 2 IR(Shimadzu
IR-408, Tokyo, Japan) %°1 ¢34 carotenoid 7
Z2& T

nE
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1. Carotenoprotein| 22} ¥ XMH|

Carotenoprotein®] A A= Fig. 200149} 2ol fra-
ction number 36~57 A}o]ell X carotenoprotein®]
#4A3] &5 Ur) o] & & Sephacryl $-300 co-
lumns A2 2% Fig, 3% #°] fraction num-
ber 21~31AFo]oll A carotenoprotein®] & A3t 1L
o)Rg 23k A Ao o FAF AH Fig. 49
2o] 24~26 fractionsAto]o A carotenoproteing
aaet.

A A 8212 Disc-PAGE Wiol oi&} dA71dE§
A7, 9Y3F bandE FIT F+ YA (Fig 5). °l
carotenoproteing THLE=AZ HRWIAZE F
& AT 462nmAoM, FAE R & FF 50
W 2 1.9% Ao (Table 1.

Abpsorbance(280nm)
z

Absorbance(462nm)

NaCl cone,

o

o .
) 20 40 60 80 100 120 140
Fraction number

Fig. 2. Elution profile of the carotenoprotein from
DEAE-cellulose column(®2.2X45cm) by gra-
dient with 1M NaCl in 50mM buffer.

Elution condition:
Buffer; 50mM Na-phosphate buffer(pH 7.5).
Flow rate and fraction volume; 24mi/hr and 6ml.
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Sephacryl $-300 column chromatogram(& 2.2
X68cm) of the carotenoprotein obtained from
DEAE-cellulose column chromatography.
Elution condition:

Buffer; 50mM Na-phosphate buffer(pH 7.5).
Flow rate and fraction volume; 6mi/hr and 2mi.

Fig. 3.

2.04 -0.20

Absorbance(280nm)
Absorbance(462nm)

F0.05

Fraction number

BSA (M.¥.=66KDa)

Carbonic anhydrase
(M. ¥. =29KDa)

ytochrome C (M. ¥. =2, 4KDa)

protinin (M.¥. =6, 5kDa)

Fig. 5. Disc- and SDS- PAG electrophoretic patterns of
the carotenoprotein.
1; Carotenoprotein.
2: Subunits of the carotenoprotein.
3; Mark protein.

Milicua et al.(1985)°1 7} (Procambarus clarkii)
AE2RE $2% AN carotenoprotein®] Hui
L 482nm Ao}, 7Y A (Astacus leptodactylus) 8 2
A FE¢ =F4 carotenoprotein® Htj LS
385mm AT K3t o v (Milicua ef al, 1986),
Santoro et al.(1990)& SR 52 (Axinella verrucosa)
o A &3 2AX 4 carotenoproteind 481nmol A1
Hujshgo] Jebia 3l 48, Garate ef al.
(1984) ] A (Carcinus maenas) A AERE 223
4 carotenoprotein® Hth 4L 625mm Tt 2
252 7V (Procambarus clarkii) 4 AZRE &3
4 carotenoproteine 635um ol A Hthubgo] Vet
5k o 0 (Garate et al, 1986), Gomez et al.(1986) 9]

Fig. 4. Sephacryl S-300 column chromatogram(¢ 2.2
X 68cm) of the carotenoprotenin obtained from  7FA (Astacus leptodactylus) B A2 HE 323 A
1'st the Sephacryl S-300 column chromatog-  carotenoprotein® HHZ L 634nmATHL 3t
raphy. . t}, o]} 2] carotenoprotein®] A 7zrol wab Hoj
Elution condition: Fgo] BE Re ideh T Aabol o 4%
Buffer; 50mM Na-phosphate buffer(pH 7.5). = X+ carotenoid® T _
Flow rate and fraction volume; 35mi/hr and 2mi. & =, B33} (Salares ef al, 1979), enol®(Kuhn
Table 1. Purification of the carotenoprotein from the muscle of blue mussel
* + _
Tota}l Carotgno Purification Yield
Procedure Volume(mi)  protein protein (C/T) (%)
(mg) (mg) 0
1. Crude extract 1,000 6,462.6 607 1 100
2. 20% (NH.):S04 485 1,764.4 355.5 2.2 58.6
3. DEAE-cellulose 99 5429 184 3.6 303
4. Sephacryl S-300 gel filtration 38 99.9 41 44 6.8
5. Sephacryl S-300 gel filtration 25 38 18 5 19

* Total protein measured by biuret assay

* The amount of red carotenoprotein is calculated by the equation: Absorbance at 462nm X Volume of

solution ml.
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and Sorensen, 1938) % polyene A& ¥EH
(Buchwald and Jencks, 1968)¥ Z& AdWA 9
Zpojol viABTh

Garate ef al.(1986)2 7} (Procambarus clarkii)
ZAAzRE %23 4 carotenoprotein®] FAEE
26M At 8H% L, Shone et al.(1979)2 E7HAHE]
(Asterias rubens) 9|4l B.el4 carotenoprotein® A
A=s 56~650Gcky Bastgcl o] Bl Ca-
riello and Zanetti(1981)€ A (YL AME3HA
S)'H E 2 (Suberites domuncula) 22E B A carote-
noproteing A AT, FA=E L0GHATL
Bug v ok

2. Carotenoprotein2| 54

1) 22X

Carotenoprotein®] #3132 Sephacryl S-300 2
oz £e3t9 void volume(V,) T elution vo-
lume(V) 9 ¥18 73ln, EE2ayd B3 V.,
o} vlwsted Yebd AzE Fig 63 Zth Fig 6
o M9} o] Eapgko] oF 372KDa°l UL, subunit=
SDS-PAGEE ¥43 ZA#, EAF] 60KDa, 469
KDa, 26KDa ¥ 13KDa®) 4789 polypeptide® ©I
2ol AQen, o5 ALY FFE Folrr] H
8] scanning ¥ 2% Fig. 79 Yebd vkek o) 60
KDa(23.70%), 46.9KDa(9.14%), 26KDa(49.14%)
9 13KDa(18.02% ) Rt

Milicua et al.(1985)& 7} (Procambarus clarkii)
AAZHE F23 AN carotenoprotein®) ¥AFHL
140KDaol 13, ©lA-& FA3L Y& subunitT

1000
® Thyroglobuiin

] (M.W.=669KDa)
Apoferritin
1 (M.\ﬁ.°=443KDa

Carotenoprotein
M.W.=372KDa)

icohol Dehydrogenase
{M.W.=150KDa)

Molecular weight(X1,000)

1005
] BSA
B {M.W.=66KDa)
10 T T o —
0 1 2 3 4 5

Ve/Vo

Fig. 6. Estimation of molecular weight of the carote-
noprotein by Sephacryl S-300 ge! filtration.

AZgz] 2559 24 Carotenoprotein®] F4 ¥ £4

9, 14%

r
(=]
~
-
~N

49, 14x
18. 02%

Absorbance(590nm)

~— Time(min)

Fig. 7. Photometric scan of the SDS-gel after staining
with Coomassie brilliant blue R-250 showing
the proportions of apoprotein subunits in caro-
tenoprotein.

8.6KDas] single polypeptide® #4& 2 Jvkx 3
At ABEE(Avinella verrucosa) 2X-E FE%
9 @A A carotenoprotein® EA#F-E 640KDaol
3, )AL 50KDa9} single polypeptide®Z T su-
bunit® T+ B Y™ (Santoro ef al, 1990), T3+
7V A (Astacus leptodactylus) B RAANN F&2T =4
carotenoprotein®) EA#F& 563.7KDaclA2, oA
o 4749) polypeptide, & EAFEol 747t 195KDa,
151KDa, 126KDa 2 95KDa%! subunit® A=A
(Milicua ef al, 1986). Garate ¢t al.(1984)°} A(Ca-
reinus maenas) A AZEE F2F A4 carotenop-
rotein®] A EAEFL 365KDacl L, L subunits
single polypeptide?l 382KDa2] £A}&olrti &
13t ol Ad A EAE= carotenopro-
tein®] EA#E 35000~100% daltonoll ©]27]7t
2] BEYsA Bxso] 9&e & & AT

2) ofo|xzd =M

Carotenoprotein® FAolnj=4t =248 EHE
AT Table 2014 WEbd vhe} o] threonine
(359%) $eko] & ofmiit KT} UF3] =%
on, I TS cysteine(86%) 2 valine(6.1%)
golith, Yool ar FFe AN ofvmite]
62.8% 2 23}% 3, methionine, histidine % pro-
line® &3t @skr}. Carotenoprotein®] p— 7%
A8t 9FE v A= threonine(35.9%), valine
(6.1%), glycine(5.3%) % isoleucine(3.6%) &&F
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GG - o]E - URH - HAR
Table 2. Amino acid composition of the carotenoprotein (mol %)
Amino acid Red . Yellowish«rgd Orange ' Blue .
carotenoprotein carotenoprotem*” carotenoprotem*” carotenoprotem*‘3>

Aspartic acid 41 84 55 9.0
Glutamic acid 59 11.2 10.1 7.8
Lysine 49 76 55 7.7
Arginine 25 - 33 48
Threonine 359 4.7 2.5 6.2
Valine 6.1 11.2 6.2 91
Isoleucine 3.6 41 49 52
Leucine 45 55 71 6.3
Phenylalanine 5.3 - 21 8.0
Alanine 5.5 19.3 7.0 9.3
Serine 3.7 124 179 5.7
Cysteine 8.6 - 12 -
Glycine 53 14.1 234 7.3
Tyrosine 41 - 14 7.0
Methionine - trace - 0.6
Histidine - 14 14 25
Proline - - - 33

A 195 20.8 20.3 29.2

P 57.0 45.7 46.2 43.7

E 62.8 345 330 504

A=apolar residues: Val, Ile, Leu, Phe, Met.

P=polar residues: Asp, Thr, Ser, Glu, Lys, His, Arg.

E=essential AA.: Ile, Leu, Lys, Met, Phe, Thr, Trp, Val, His, Arg.

*1) From the American crayfish, Orconetes limosus(Czeczuga and Krywuta, 1981)
*2) From the Marine sponge, Axinella Verrucosa(O. Schmidt) (Santoro et al, 1990)
*3) From the carapace of the crayfish, Astacus leptodactylus(Rivas et al, 1988)

oy, a- Tz AAFY 4TS F=
glutamic acid(5.9% ), alanine(55%) & leucine(4.5
%) ol viF e RO =R Hol carotenopro-
tein®} T p—TZE ol F1 Utk A&
A7 4 AAHChou ef al, 1973). Czeczuga and
Krywuta(1981) & 9l =54t 74 (Orconectes limosus)
2ZRE FZ3% 3 carotenoprotein® ©}v] =4t
24NN a—tAdT2 A3 obu]=2H(36.1%) 0
B—TZ ¢t} obn|=2H(34.0%) K} FaFo] Er}
31 89, Santoro ef al.(1990) & B EE (Axinella
verrucosa) A %3 QA:AAA carotenoprotein?
ololi it 24 F p—FF AR ofn=t F3F
(366%)°l a— 7= A3} ofml=t FaF(24.2
%)ol vld] A ggicka 2ug 8 ok o<
#o] Z47+9] carotenoproteinit] o}p|: it =49
zpolel o8] 1 TR EAdo] AAG ztol7t U+
Rog Azted

.
ze ¥e

Rivas et al.(1988) & 7YA (Astacus leptodactylus)
AgXey F23 A4 carotenoproteindl A B]=A
obul:=2H(Ala 9.3%, Val 9.1%, Leu 6.3%, lle 52%)
9] gt&o] thE ofpjite] HlE FdET o] Aol
gl o] et o] BT Hudged, B
APAM= BFA otrik(Val 6.1%, Ala 55%,
Phe 5.3%, Leu 4.5%, Ile 3.6%)°] %48 carotenop-
roteinl] W& Gomz Gulol ko] uhk
dolAgi B & Qi)

3) pH ¢Hd M

Carotenoprotein® pH #H3ld] @2 AFAL =
A% 23+ Fig. 89 WERH QAT Fig. 8949k 2
o] pH 7.0~10.0 ¥ elME FFx= 3l Hse
et pH 40 olste] A4t 2 pH 100 )49
ZagedMe F3F= FAL 7tk
9tk 28 carotenoprotein®] SRAF I pH
45~60 FIZoNME FRE FAE FolAth o

ol

=~

Aa E=E 3
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Fig. 8. Effect of various pH on the carotenoprotein. Fig. 9. Visible absorption spectra of the native carote-
noprotein( ), and after treatment with 0.2
o} 2 ¥4& pH 4.0 °)3k9] 7ol pH 100 %(w/v) SDS(----).

ol gz dre d e WA 2 ca-
rotenoid9f o] A& FEo] W2 FFE FX
7} W33, pH 45~60 FIoA Az e
carotenoid7} frElse] TN FHE £
7} F71% ez AzZEH(Salares et al, 1977).

Gomez et al.(1986) 2 7}A)(Astacus leptodactylus)
ZAAzRE] 53 3N astaxanthin-protein®] 5ol
#3 BaeA pH 3.0~11.0 ¥l A carotenopro-
tein®] <t 4E AFS H I pH 50~86 Atolel A
= %% A3} glsley pH 45 € pH 90904
carotenoprotein®] # o 3--30] 634nm A 622nm 2
o] F3 AL, pH 3.0 °l3t % pH 110 odelA=
carotenoprotein®] HAsF T 891, Eliot(1981)
= B7MAFe (Marthasterias glacialis) N A #&8 2}
A carotenoprotein® pH 3.8 °lslol e BeHA
3o, pH 105 ol4o e 2o EEMo
2 W3, 7)o g vietE A72e FEEHe
2 7194 44S Y AAT pHYt o w2
Aee odx Hoz vyt A WHEUF oyt
vhil st

4) BiMEol ogt

Carotenoprotein®] ¥4 o W§t F3¢E dolr
71 18 SDSE 02% (wv)HA 7retd 7hAI R 3
= (400~600mm) o) A carotenoprotein® AL A
£ EA3T 4HE Fig 990 Y dth Fig 991A
o} 2ol Hh o3 (462nm) N A F 6nm ©] 5T 468
nmo A FHo) ko] e, o] A& Milicua ef al.
(1985) o] 7V (Procambarus clarkiin) QA2 EE 3
%% A4 carotenoprotein® Al carotenoidE 2] 3}
o Huade £33 23, carotenoprotein® F
™33 (482nm) N F 8um ¢ HuHFE 1}

guigitte B1et fAek 22y Garate et al.
(1986) & 7}A (Procambarus clarkin) 325 H 3
2% A4 carotenoproteing 50mM phosphate buf-
fer(pH 7.5)°} %4 SDSE #% ¥ = 5% (w/v)7
A 2 7+3 A3 carotenoprotein®] HthulAto] 635
nmo) A carotenoid®] FFFUXQU 475mmE 160
nm FE GIF FHOZ o] F3Y L, Gomez et al.
(1986) = 7FA (Astacus leptodactylus) B ANA %
g A astaxanthin protein®] SDSZ 0.05% (w/v)
HA 71 Aey Aol 634nm AN A 490nm =
carotenoid7} ©H AT A5 AHLoA fel o
g dgog o)FsAt 33, Garate §
(1984)2 A (Carcinus maenas) A2 HEH >33
A4 carotenoprotein®] SDSE 02% (w/v)E A 7}
A TIY carotenoprotein®] ] #3(625nm) 0] T
#F FGo g 125nm ol EdtHTin Hudc)

o] s} Zo] A carotenoprotein®-o WAAZ 7}
3 100nm ©] Qg o2 ojgsPAY, B 4
oA} Zo] A carotenoprotein® 7§ Ui
o] gl gHoz o 6~8m ©]Fo] Yo
g}t o] AL A carotenoproteinf v B A
SR carotenoid”7t SDSO s G Az RE 3
YEoZAN Huugo] daF £2o8 AA oF
3t ¥rd, A4 carotenoproteinFE carotenoid 7t
dudze] AR AAFAY PPl AA
Zeu g A Hiagol vy ddoz g
ol F = EH8rd §Ao] YelIH Milicua et al.,
1985).

5) Xgta =4

Carotenoprotein 1g%% XA FHL 256mgS
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o, FAAY FHAXGNE £A% AFA= Table
391 el QITh Table 391419k Zo] polyene’to]
AAAGN FF F 624% 2 7HF 2D Lo
2 ¥34H196%) 2 monoenett(18.0%) <=o|
th FHo g B Aite X84t Fol= palmitic
acid(Cieo), arachidic acid(Cmo), stearic acid(Ciso),
monoene’t %ol A= palmitoleic acid(Cis1), poly-
ene’t o)A hexadecatetraenoic acid(Cies), ei-
cosapentaenoic acid(Czs), docosahexaenoic acid
(Cazg) B0l FaFol Eurh <9} 2ol polyenedt
Hl&o] 624% o9, 53], 16:4n-39] =447} 33.
9% 2 s =A JEebgz, AAAY] JA,
a5 Aet 2 FAAHT Xe 5 43
o2 #3%47 9lcke EPA, DHA % o3 A9 &4
(R A= XA YT 24971 221% 2 &
AR SFAI A KT, 1983; HBHE, 1984).

Table 3. Fatty acids composition of the carotenopro-

tein
Fatty acid Com(p;:ssition Fatty acid Com(gyoos)ition
Cieo 0.1 Cigae9) +Crgran 4.7
Cisi0 08 Cig209) 26
Ciso 122 Cwaws 11
Cis1tn) 35 Cisatwa 18
Cisrton 41 Cao0 33
Ciea(at) 24 Caoat10 T Cav:1609) 15
Cisatma 0.7 Co0:4(n6) 14
Cisatnd 339 Coo:5a3) 95
Cir109 38  Casws 11
Ciso 32 Caztad 79
Total Sat.* 196
Total Mono.* 180
Toetal PUFA* 624

* Sat.,, Saturated fatty acids; Mono, Monounsaturated
fatty acids; PUFA., Polyunsaturated fatty acids.

7 $(1988) dojgelA £u§ carotenopro-
teinol A AEAE F2 stearic acid(47.9% ) <} pal-
mitic acid(214%)2 T4Hol AT EXF APt
% 2% oleic acid(152%)% 29 linoleic acid”}
EAgcta Eug b glck

6) Carotenoide] =z| ¥« 3

AAE carotenoproteins A (4 )] A acetone

SRER

HEH -

244

o2 Heste dRAE WA Fed caro-
tenoidS TLC(benzene:petroleum ether:acetone=
69:17:14)3 1 A £2] ¥ 23+ Fig 109 YehA
t}. Fig. 10914¢F Zo} carotenoide 57 band&
L HRo F band 3& HAA FF FolA 7479
% (band 1: 1.19%, band 2: 4.62%, band 4: 1826%
9} band 5: 1.14%)5 AA3NASH, & carotenoid
o] & ANE AR 880mg% Jch " B
band= Hei7tA 718wl AR F4 spect-
rum® &3, EEHAY co-TLC € 713 {71

S5 B3 FEUE EAstA FAHIFAHTable
4).
Rf1.0 -
0.84 =—————— Bandl 0.
062 ————> Band2 Y.
05108 () sanas R
043 T 1 Band4 Y.
0.33 Band 5 O.
0.0

0:Orange, Y:Yellow, R:Red

Fig. 10. Preparative thin-layer chromatogram of caro-
tenoids in the muscle of blue mussel.
Absorbent; Silica gel 60F
Developer; benzene:petroleum
(69:17:14).

ether:acetone

Band 1, Band 2 2 Band 5% 7HAI% &5 spect-
rum® F32%, F4IHWA7E 47 416, 4468 2
449.2nm (in petroleum ether) @Y band2 YEIY
keto carotenoidf® -2 AT 4 Itk

Band 3& 7N &5 spectrumgl 2345 F
F3F 27} 470nm(in petroleum ether), 483nm (in
chloroform) ¥ 471nm(in EtOH) A keto group=

ZrE carotenoid 59 Y band’} YERRTH
NaBHo 28 BFLHSAAEY FF35UA7}

(405), 428, 457wm(in petroleum ether) 2 42nm
blue shiftstR=dl o]AL W9 carbonyl
group®] FAH7IE AEH Aoz gy, F4t
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Carotenoprotein®] F# 3 E4

Table 4. Absorption maxima of the isolated carotenoids from the carotenoprotein

Absorption maxima(nm)

Band Identification
Chloroform Petroleum ether Ethanol
1 420.2 416 - unidentified ketocarotenoid
2 4584 446.8 450.6 unidentified ketocarotenoid
483 470 471 mytiloxanthin
4 4606 490 4505 4785 452.4 4804 3,4,3-trihydroxy-7'8'-
didehydro-B-carotene
5 458.2 449.2 447.6 unidentified ketocarotenoid

epoxide A8 A 422 YERY epoxide group
o] EA3tA Fevte RS FUs T IR spect-
rum A€ Vi 3300cm~'(—OH), 2165em '(—C=
C—), 1660cm '(conj. >C=0), 960cm '(all trans
—CH=CH-)%29, o] &£ silica gel G &
] acetone:petroleum ether=3:72 TLC3l« H]iL
3t 27}, Matsuno® Maoka(1981) 9] ZA}te} &3}
B2 mytiloxanthing] 2& ¢ F UYL

Band 4% 7IA% &4 spectrum? &3 d3, &
£ 27t 4505, 478.5nm{in petroleum ether),
4524, 4804nm(in EtOH) ¥ 460.6, 490um(in chlo-
roform) 24 B-carotene FE} S F4 spectrum®]
et Lol 9§ o] wedA FFFUAE
4425, 4705nm(in petroleum ether) 2 8um blue
shift 3t o822 2 carbonyl”] 17} EE 3%
Aol EAE AoR FAY &+ Ao, @
epoxide AlEAAME SAIUR, acetyldt W&,
TMS3 ¥:§ 2 allylic-OH B4A1 8N e 3719
18 B 28 FA718 7HAE 222 Yest IR
spectrum® A1 Ve  3300cm " '(—OH), 2165¢m ™
(=C=C-), 1605, 1570cm *(conj. >C=C<), 960
em Yall trans —CH=CH~) &tdho] EA3H2
w, o] &L silica gel G A3l A acetone:petroleum
ether=3:72 TLC3lo wlm3d Z3, Matsunos}t
Maoka(1981)¢] ZA#e} AAFEZE 34,3 -trihyd-
roxy-7",8'-didehydro-B-carotene & & & UATh

7 % 199D 7t AFFA(FH) 2HL2HH §
2]3t & carotenoid®] A3H-2 pectenoxanthin 44.7%
2 mytiloxanthin 35.6% 132, 1% pectenclone 8.7
%, diatoxanthin 50% 2 34,3-trihydroxy-7",8'-di-
dehydro-B-carotene 3.1% o] FF=Hol ot 3t
Baugl B AgeM AAE carotenoprotein & 2 H-E
23 F carotenoid® ¥ mytiloxanthin 74.79
% 9} 3,4,3'-trihydroxy-7’,8'-didehydro-B-carotene
1826% 2 &) WA e xtolg HATh

&3 Matsuno and Maoka(1981) 7} Z8(Mytilus
coruscus) TH 2 5E B ¥ F carotenoidE pe-
ctenoxanthin 31%, mytiloxanthin 27.5% % 34,3'-
trihydroxy-7',8'-didehydro-B-carotene 224%, 1%
diatoxanthin 13.8% $} pectenoxanthin 12% AT
B3 g o9} (1971)¢] AFEAAA £ & ca
rotenoid< PB-carotene, lutein, zeaxanthin 92 asta-
ceneZ FAHO Jdvte B FF L FA
atolg B4 gled o]RAL AR f73, AHH
W3l 2 o] AE Soll 12} carotenoidd} ZAAE
g ghaFo] A Aoj7t gl Ao E AFHTH(Par-
tali et al, 1989).

b of

St A dF Qi de AFEH
& ol A Triton X-100& AH8-3}9] carotenoproteing
%, AAY 1 B4 AES e gosd
o 2o,

Carotenoprotein (Anx=462nm) & 20% (w/v)
(NH,):S0s, DEAE-cellulose ©]-2m &4 g
Sephacryl $-300 2 Z2rlETHNE T3 AT
A7, AA=E 59 S FE2 185% UL
9, carotenoprotein® ¥AHF-S F 372KDalgel filt-
ration)©] 1, SDS-PAG #A7|gsoz wulde
subunit® FAF Z 7, 60KDa(23.70%), 46.9KDa
(9.14%), 26KDa(49.14% ) 2 13KDa(18.02%)Z ©]
o2 131t} Carotenoprotein®] <+73 /42 pH 4.0
o}t 74t % pH 100 ©ld9 ZAL¢@A=
ol Ao] Hobystgam, SDS HAAME 02% (w/v)
HA "rbste] 5Q F AR o 9(400~600nm)
AN Hdag HaE BE 4620moN A 456nm =
F 6nm DU Jdoz olFF AE & F AN
t}. Carotenoprotein®] T4t FA-L threo-

=
T
[o]
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o2
&
i)
o
rO
of

nine°] 3590% 2 & ojwibd] H)d) o] E
ton] Paponeibn) A opu| ity e
A opv et g 247} 62.76% oF 25.02% & A
Z)8}90 3L, methionine, histidine ¥ proline &A|
31x] 9ttt Carotenoprotein 1gd A 29| ¥
& 256mgA I, 1T TAAGAIY 4L polyenelt
o] 624% 2 7}¢ B thg o2 E3AH(1958%)
2 monoene4t(18%) &ol3ith &3], 16:4n-39] =
AqHl7d 3390% = 3338 m=A WERSSL, EPA,
DHA 5 03 A9 FA(RPIZEZFHA LA
ZAH7F 2213% 2 ¥4 YEIRoH, FHoz @
£ Arate ¥3A4E Fole palmitic acid(Ciso),
monoeneAt Fol A& palmitoleic acid(Ci1), poly-
ene?t o)X= hexadecatetraenoic acid(Ci.), ei-
cosapentaenocic acid(Cy;s), docosahexaenoic acid(C
ne) 50| ko] Al Carotenoprotein® 2 F-El
283 F caroteoid FH-2 880mg% AL, 5+ caro-
tenoid= mytiloxanthin(74.79% ), 3,4,3'-trihydroxy-
7' 8'-didehydro-B-carotene(18.26 % ) A t}.
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