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2 o o] (Salmo Salar)o] A carotenoprotein & CM-A| &2, 50% FA¢2¥ IH, DE-
AE-AE22 9 Agd s G75A8 A3t F383] A A4d 4589 (pH 7.0)0 A
AN FFETHNE Anax 409, 540 28] 2 580nm o] vk, A= G-2004 AAHo=z 39 ¥4
g2 50,200 3 26,000 ZES 2 heterogeneous & F71A Aot AAs AAA oz SDS-PAG
A79% A Elgko] 12,500 FES 49 FYF subunit 2 FHS UL A3 AR} e
£, BFEAS FF2AE TR Y& Y. carotenoprotein & A2 E FE3l tle R
AAT 3L 2uje] Y, 205 A, dFA 2§ AY, €499 AY, 9 AF 2= 4"
3 NP5 471uk$5t uv/vis, ir @ nmr dlo| g Qo] FZ2EF AAF A F carotenoid £  astax-
anthin ester 3¢ #1839 o8] L ester & &8 o}24H(47.9%)5 Bw] EA(21.4%)0] o F-Eol At

ABSTRACT. Carotenoprotein from Salmo Salar eggs was purified and characterized by CM-
cellulose, 50% (NH,).S0, DEAE-cellulose and sephadex G-75 colunm. The chromoprotein had
a spectrum with An.: 409,540 and 580nm in p-buffer (pH 7.0) at initial step. Molecular weights
by sephadex G-200 gel filtration were 50, 200 and 26,000 daltons. SDS-PAGE analysis showed a
structure with four identical subunits (12,500 daltons). Its sample retained a small amount of
carbohydrates and lipids. Amino acids were analyzed, and mannose, galactose and glucosamine
also were identified. Carotenoid extacted with acetone was found to be astaxanthin ester by
partition test, epoxy test, iodine test, allylic test, reduction, acetylation, uv/vis, ir and nmr datas.
Stearate (47.9%) and palmitate (21.4%) were predominant fatty acids in the astaxanthin ester.

AA A @& FF7F wdzd == AF
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<38 4HA Adeld, 29 AT FHE
A9 HA g Edde] 4 EEE0 A
WelA w3 =& photodynamic £4H o] 9
g} oxygen radical 4o} lipid peroxydation
o8 HE free-radical trap F& 0 2 Q¥ AA
ool B 37500 G5 mabe] BE A9
=3}=], protoporphyrias 3% X85 53] -
carotene 3} W ehel A SEATY Fohrstet %
& A Fgoll g A dFAN AP
o] 21%AQl FAdAE 2 F84ol A=zH=
Aot =3 AHA Y& W3 2A FEA &
W A7 A3JHE carotenoprotein 0] marine inv-
ertebrates'>™* A. rubens's, lobster shell 3 ovo-
verdin!®1, 22 3 S, obliquus D318 5 & 2] 7}A]
2452 35 ¥ dged Agot F44
3h= o] A Eo] A = carotenoid & Tl H{ AT
Fol wol +45o] frork ol E 2 A5
a 75Ee] A3 Wi AA X3 AAo|r, £
ATl A= ol gt 38k #HA 3 carotenoid H
FR Ao EA S T A off doldd A
E.Z carotenoprotein & & A A3l subunits
8} = 24, =8 3 carotenoid 8] Fz3 54 &
A w3

HE U

MEME, 129 = FHgAA AxIF A
AHY dolg s A5z e AR A% F
CM-—cellulose, DEAE—cellulose, sephadex G-75,
sephadex G-200, blue dextrane, bovine serum
albumin, egg albumin, cytochrome C, myoglo-
bin, mannose, galactose, glucosamine, Dowex
1x8 % Dowex 50W 5-& Sigma Co A| %%, N,
N, N’, N’-tetramethylethylene diamine, N, N-
acrylamide %-&
Wako CoAl%EE, 2 99 g8 A%z 4%
53¢ Asasie

Carotenoprotein 2] 22(2} B H|, Zagalsky
.9 y138 W 3to carotenoprotein & F-7
g ohg, o b ¥ o] &3k A nl%) A o}
ol AAsA T ZE 23L& 4°C YgadA
A Ao, A A 8-& bovine serm albumin

methylene-bis acrylamide 2

+ 3522 39 Lowry§®2.2, % carotenoid
+ carotenoprotein 8] WAL WA A F] = car-
otenoid & $£%3}] Mclaren# o g A akdl4y
o,

Sephadex G-200 gel filtration. 29| =7
€ 243 v A294 89, = 7187
fAEY € 27195 §= feov, o974
+ sephadex G-200® Sy & o &3t
FAAH (Vo)L blue dextrane o 7 &A 3}
& oA 8 cytochrome C, myoglobin, egg
albumin @ bovine serum albumin & A}83}4
t},

Disc-8 SDS-PAG H7|¥S. Lugtenberg -
W2 ute} F2] & gel & A7 Az 3P E
& A .2 myoglobin, egg albumin 3} bovine
serum albumin & A}gdgz, A9 E ¥l
2 densitometer % Z7 % AR $}7Ec}

HEEto| 24| Peterson % Wyste 2
N daez 647 & 7158, 93¢ o
L vl @43k A F Dowex 1X8 (200 me
sh) ¢} Dowex 50W (400mesh) @@ o2 A A3}
dth, F4939 a2 anthrone &2 620nm
o)A, o}v] & Ludowbieg Y20 2 550nm¢
A, 2]z AY 39 Feke Shimadzug A =
Zutradgs (LOE 247 A3t

ofo| b 24 dutdel oiv]=a EHEA
o] u}g} carotenoprotein & 2047 Fot JtrE-
HA7 ohE, 94E A AA32 OPA £ A
£3}e] HPLC(Waters 244) 2 ¥4 A k3l o}

carotenoid = ZA, Khare 5 wH%o] o}
2} A A5 carotenoprotein o] 3v] e olA E S
Jtste] A& HAA 7|2 carotenoid & FF
get, oA AAgE FAe] & w7k A of
2 283 F23d FX = A E AA F5
3ttt A7) $£91 = n-hexane-acetone(7 : 3)%,
benzene-ethylether-methanol (17 : 2 : 1)~ =
2] 32 petroleum ether-acetone(7 : 3)%#& 77z} A}
3l mpolaz t.le HoB FFYH.
2] AA R carotenoid & F24 4L 47 9
&) Hulu], NaBH, 34, acetylation, photoi-
somerization, allylic hydroxy group, acetonide
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Aoj¢o A ¥2]38l Carotenoprotein 8 Fz3 54 319

% epoxy A¥ F 7] 48§ E3}] functional
group & &4]% 319] o UV (Shimadzu 240). IR
(Nicolet FT-IR) 22|  NMR(Varian-EM 360)
data & do] AF T=& AAHA)

Xt 24 A3 AF=E QA esterified
carotenoid & t.l.c. 2 £53A Zeldtd A
A Bg, Fed Agae odsstz OV-275
A% & A3 GC(Shimadzu GC4B) 2 £4 3
et

#at 8 o

Carotenoprotein o] £2(2} HH|. A& 4+
A 8} 7ko] CM~cellulose, ¥b23}(NH,),S0, A A,
DEAE-cellulose, sephadex G-75 4 A2 A3
A2vlE 2293} carotenoprotein ©] A A H
. Fig. 12 0.05MAAd g3 ghoz 53
A 71 DEAE-cellulose @# Aol Al £2Z3% carot-
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Fig. 1. Elution profile of carotenoprotein from DE
AE-cellulose column (2.7%x40cm) by stepwise grad-
ient with 0.1M and 0.3M phosphate buffer (pH
7.0).
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Fig. 2. Sephadex G-75 column chromatography of
carotenoprotein.

Table 1. Purification of Carotenoprotein from Salmo
Salar Eggs

Total Caroten- Purifi- .
Procedure V‘Elmu;;‘e protein oprotein cation ?;Gegd

(mg) (mg) (C/T)
Homogenate 1,360 8,300 8.4 1 100

509% (NH,) 250, 477 345.5 3.8 11 45.2
DEAE-cellulose 145 4.8 2.6 58 30.9
SephadexG-75 32 18.7 1.7 91 20. 2

enoprotein 9] elution profile o]t} 0.1M =} 0.3
Ml 9349 (pH 7.0) 22 vt §547
A3}t 30~60 fractions Alo) o]l A] carotenoprotein
o] 8kA 3 £&59 . Fig.2 = sephadex G-75
A Ay oA HF AL Ael=, FHel mon-
itor = spectrophotometer 2.4 &< s}z 27}
280nm ¢} 470nm v}, Table 1-& AA A
3+ % carotenoid & 747} A gl AAEE 4
23+ A7l carotenoprotein 1g F carotenoid
k2 (.18ug ©) 92, homogenateo]| u|3] 91
W AA Hgen FdFEE 20.2% gl o]
carotenoprotein & 5% preparative Disc-PAG &
A7l 5& A7 heterogeneous 3+ T 7}x] )
g dz Fesge o]A & densitometer
(Toyo DMU-33C) & $4 & Ao+ Fig. 3-A%}
ze},

Sephadex G-200 gel filtration 3! SDS-PAG.
Carotenoprotein 9] A E A% AA37] 4
Btef, 0.05Mel4dd ¢4F8A(H 7.0002
3 A 71 sephadex G-200 R A ¥ chromatography
3} void volume(Vo)3} elution volume(Ve)
£ WE Fow BE 2R BAel Ha
o =A% Aste Fig. 49 2o F FH(a,
B-form) 2 E2]% carotenoprotein 52 Ve/Vo
vl 1.75 R 1.60°]% FAgke] 72+ 26,000
3} 50, 200 daltons o] glet,  F-AFo] A AL
"] FA A monomeric formol¢lz, ExR}Eko]
2 AAY fAform e FFS AAE T3
Z 9oy o]AL 0.2% SDS-PAGHA7 AF
% A3 BPBE 7|E% o] F= 0.844 =4
M=z el o] subunit & 620nm o) A
densitometer 2 scanning 3 2 o] Fig. 3-Bo]t},
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Fig. 3. Scanning densitograms on Disc- and SDS-
PAGE of carotenoprotein. (A) Disc-PAGE, (B) 0.
2% SDE-PAGE, slit, 0.2X2mm; intensity, 30.
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Fig. 4. Molecular weight estimation of carotenopr-
tein. --«(O---; sephadex G-200 gel filration. —@—;
SDS-PAGE. Ve/Vo and mobility were plotted aga-
inst molecular weight (Xx10™%), respectively. (1)
bovine serum albumin (mol. wt. 66,000), (2) egg
albumin (mol. wt. 45,000), (3) myoglobin (mol.
wt. 17,200), (4) cytochrome C (mol. wt. 11,700).

o] AL u W FEE B A TAFL
12,500 daltons o]l 3} 33}5d o} (Fig. 4). Ceccaldi
I3lo. A, antennatus 9] $]Hol A a-form 3} 8-
form ¢] A4 2] carotenoprotein & A A d}51 o1
astaxanthin 43¢ 71 23] LAFe] 44 3.1
X 10* & 3.6x10* daltons g} R34t} o] &L
a-crustacyanin 2 S-crustacyanin A3} -F-AH%k
Ao 2 polymeric +Z& & H o] 6.5x10° daltons
o ARG EAE ol &2 AEHIH. Zaga-
lsky3 "o 92}, 4 %52 marine products
Z3A o] A £ 5 carotenoprotein £ e H o &
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a-form 7} f-form o] EA)3}r, native FL a-
form & FAFgko] BE 5X10~1x10° 0] 3 L
o] 27 5o A& Ed o] A oz |, g-form
< F24~5x10* 9 EAFE Zeo s
o5& oMM E AR 78 apoprotein o] 3
= 719 % 3} heterogeneous 3} F-A}gFo]
1.8~2.6X10* A = 2 52 3o wetA = 0.
8~1x10%e] E )z s v}, = lobster carapace
2 By g5 2L astaxanthin 7] F0 2 4.4X
10* 0] Apee 409nmol A FH {45 ZEvin
st el o] $4zte] zAo] ule}l astaxanthin o]
o2 #x}9] heterogeneous ¥ wHAF A
hydrophobic binding @ 44433 o EA
o] B3} 4= ulel A 100 =k daltons 2 ThofaHA|
Ao E}2] carotenoprotein 2 o] F-o A Z3
9 B3agoR ALy HAHH3 o =
3l Elgsaester S15& star fish gl A. rubensof 4]
B2} 3} carotenoprotein & & A E-& 554nm o
A AN ELE HAH, 5~17%9] FF4 AA
2 238 glycoprotein o 24 HApgke (.8~1
X10° 0] 32 E24 3 subunit(Mw=12, 800 daltons)
L zt=vtz &gtk Britton $%22 M. glacialis
ol 4] XA} FA F FF9 carotenoprotein &
F289Ed, st sssnmol A, = e 4
63, 489 28l = 600nm oA Hd FHEE 714
o, A sty o] 47 4.3X10° % 7.2
x10*°] i SDS-PAG 7194 % A= 22 10, 750
=} 16, 000 daltons Q1 4 7] 9] subunit & T4 = ¢}
2, FFE 289 gddn A 45
carotenoprotein (alloporin) & E#}8k0] 6.8x10*
ojv] 4719 subunit 2 FAHIGZ o, &
A% o A preparative Disc-PAG 7|9 % £ &
o3y o7 o)Al odojete] carotenoprotein k.
heterogeneous 3t ¥ %9 @Az FHI
o}, Expgko] ztzh 50,200 3% 26, 000 daltons o]
o, 2 % e A% AAHS &
lipoglycoprotein o] i ch, ©1 ¢t Z-& AL 4
afd RaEFE dAF}e Hel B 0.2%
SDS-PAG A7 F A5} T2 njFo 4749
subunit & 712 Z o2 #}3tg ot gel filtration
o]} SDS-PAG A7 19 5ol A =8 I+ e 2
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WA Wy, A9 f, EGEs A&
g2 9 mats 5 1 WY Y AHEE £
3 x=9=) o1} thak A. rubens!® &} Lobster!
oA ¥4 carotenoprotein 3 v] 23 = =4
A Fz7t tha A Pl AL P
2z AF=

HEEe| =M, JsEsd 38 Y3 A
ol &3 ol LndTA AP oz AANIAT
anthrone § 0.2 o] £A4J S A#4g A7 3.75
%ol3lz, LC&® A% MdFe] T Fig.
5% Table 28} 7},

Carotenoprotein 3 2 33t $4] %2 mannose
o} &9 galactose o™ 23teke 77} 3.6%
St 0.15%°] 3l et Fol Ao FF=  olu]x
& A 2Ngdoz 43, LCE #4434
3 glucosamine Tho] ez gl w ke 1.46%
ol Att,

otr| &t =Y, HPLC & o4& ¥A43
A} Fig. 6 2 Table 33 7t} Glu, Ala
9 Gly o 3ol ko Met & &4 ko] A
25 9. Hydrophobic 2 &2 41%, helix pro-
moting 7.5 40%, charged 752 22.7%,
hydrogen bonding 2.%-2 19.7%, helix break-
ing 752 17.7%, apolar residues & 24%
2] 2 polarity index 3= 40.4%°] ¢l o},

Carotenoid += #7X. Carotenoprotein & A
2ol A oAl Eoz At A S WA AT
3 2% carotenoid & t.l.c. & AA3tA},
% 7FA A/f8e} n-hexane-acetone(7 : 3) 7
benzene-ethylether-methanol (17 : 2: 1) & A&
3to] A7k GE 943 mhelaz .l ol
AANAZ A Rf 0.529 0.750 A A4 w2
Ado veton A os SujoA F3E
T Amex 47Inm ¢ TF 90% methanol-n-hexane
23} SofA oA ERAY A} 88:12 2 epip-
hasic3tgleh, &24 KOH = Z3iA7l g%
& ¢}A43] hypophasic 37 =™ n-hexane & A}
olo] Al interfacial salt & 3 A3}t olebA]
H.crab®o 4] £z A3 ¥ zdlo] esterified
carotenoid 3] & FA 33 Bl & AL AYPAZ
o o9k AAEE F%, FF3 AL
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Table 2. Compositions of carbohydrates

Carbohydrates Relative Wt. % mg/protein (100mg)

Neutral sugars
mannose 96. 4 3.6
galactose 3.6 0.15
Amino sugars

glucosamine 1.46

Table 3. Amino acid composition of carotenoprotein

Amino

Amino
acids Wt. % mol. %, acids Wt. % mol. %
ASP 6.5 5.7 MET trace
THR 9.1 8.9 ILE 5.7 50
SER 7.1 7.8 LEU 8.0 7.0
GLU 13.7 10.6 TYR 1.6 1.0
PRO 1.0 1.0 PHE 4.2 2.8
GLY 10.1 15.6 HIS 1.3 1.0
ALA 13.1 17.0 LYS 5.6 4.4
VAL 9.3 9.2 ARG 3.0 2.0
%
2
]
>3
¢
£
< 2
K G
3
N | S N, k
! 5 IETR 5 "0

INJ
Etution time { min)
Fig. 5. Separation of sugars in carotenoprotein by
LC. column, x-Bonda PAK Cig; solvent, H;O-CH3sCN
(18 : 85); flow rate, 2m//min.

S )— INJECT

20 30 Mizom 50 %6 7 0
Fig. 6. Amino acids analysis in carotenoprotein by
HPLC. column, g-Bonda PAK Cig (0. 4mm X 30cm);
mobile phase, 10mM Na,HPO, (pH 7.2); flow rate,
2ml/min; detector, fluorescence with OPA.
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petroleum ether-acetone(7 : 3) & & ¥ & A 3},
94 (red)# Rf 0.53 A A FIA3=7 A=
E F7HA Afez ut e HAG, wlA S
A 259 FFEE 47 Aux 4950m 8} Ay,
488nm ] ¢ =},
o] AL, A g4 L gvtel A=
#4 Zo] astaxanthino] F-EH oz A3}5 <
A astacene o]n] wabA FaAel AR F
4= ~# EFo] 7nm bathochromic shift 3 Z .o
2 A=Y £3 methanol £ ol 4 Na
BH, 2 3947 BAEL Anu 450nmoj A 3
o FBEZ, A 422nmo] inflexion, 4,4 479nm
ol subsidiary & 7FA = i+t A Hd &
}3o] A 21nm hypsochromic shift 3t . ©]
AL 12281 9 carbonyl group ¢] hydroxyl group
oz vy Aoz s 9lrh. photoisomerizat-
jon o] A blue shift 7} glgd ez xol £4
o] acetylenic bond £ §1.27 epoxide group
% FolEA @tk 22 allylic hydroxy
group, acetonide 23] & acetylation W& t.
Le. AeoA &9l =4k, Acetylation w55 A
2o g &3 40| 5nm hypsochromic shift
33l o

o] Az UVaded 44 -OH2Fo]
acetyl group 0.2 A% HJLFE F5F + 3
At} A A= Fig. 75 Table 40 8.%5]
ot} A Lel] petroleum ether-acetone(7 : 3)
oz g AAY carotenoid 8] [R2H =3 &
A& Fig. 87 2T}, Oex 3500cm™ (O-H stre-
tching), 3010, 2970, 2930 ¥ 2870cm™ (C-H
stretching), 1740cm™! (ester bonded C=0), 16
62cm™! (conjugated C=0), 1605, 1575, 1550cm
-1 (conjugated C=C), 1440cm™! (CH, stretch-
ing), 1358 % 1370cm™! (gem. dimethyl), 131
0, 1280, 990, 970cm™! (trans CH=CH). D.0
8} CDCl; &7 & o] &3} 912 NMR spectrum
& Fig. 99 #t}. 6 ppm (CDCL;) 1.20(6H),
1.31 (6H) (methyls at C-1 and C-1), 1.63 (1
2H) (methyls on C=C), 1.92(6H), 5.15(2H)
(OH; removed by deuteriation), 3.56 (proton
on C=C), 28 i 6.5 (aromatic protons). ©]

Absorbance

]
[

\

\
AN
\
\
\,
N\

P \\ .
\
\ \z
\\
~ 9B,
400 450 500 550

wavelength { nm)

Fig. 7. UV abosorption spectra of astaxanthin from
salmo salar eggs.
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o

Fig. 8. IR spectrum of astaxanthin from salmo
salar eggs.

(DcLy —

) \ .

0 7

i 6 S 4 3 o)
Fig. 9. NMR spectra of astaxanthin in CDCl; and
D;0.

A9 $7148 545 UV. IR & NMR2dE
g} data & F3ste] A% AFEE carotenoid
9] Fz% AA% A7} astaxanthin ester 2 F
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120
c16:0
C18:0

0 3 ] 9
Retention time

Fig. 10. Fatty acid compositions in astaxanthin
ester.
Table 5. Fatty acid Composition in Astaxanthin
Ester

Fatty acids Comp?)iition. Fatty acids Compo9§iti-on.

Retsips,

Rt =Y, o] gofA w33 astaxanthin
ester o] A WAL GC 2 E43F A7= Fig. 10
2 Table 58 7t} AwpA-2 F32 stearate(47.
9%) 9} palmitate(21.4%)2 FAFgen B2
3 AuezE linoleate(15.2%) ¢ A gk9]
linoleate 7} #el= el o] Asde A8 WA
Mol A F-2] 3 esters 9] At FEE vhA A
ol7} At °ol& FF%4 Heol, Ao w2t =
Ao| & A& Fddrtm Hojzlet AfH oz
FH A dolgz HH & FAE carotenopro-
tein -2 heterogeneous 3+ F 7}A Fej o A
o} H-z}gko] 7+t 50,200 3} 26, 000 daltonso] S
t}. Carotenocid F+Z¥ T2 stearates} palmitate
28] 32 oleate & 7}3] astaxanthin ester 24 man-
nose binding protein © 2 9 5|}, ol & gly-
cop rotein o] o] gt A EA & ¥, £33 434
AJAzE 2 YA e ¥ 3se 75 ES Z4A o
37l A= m4F87 a3k carotenoid
Io] =95 =gl & Aoz gwx gk

Ciz:0 3.5 Cua:1 15.2
Cis:0 21.4 Cus. 2 2.2 2 dT7E T8 o 73D & A7
Cis:0 47.9 Cx.0 9.6 H E dHE 2 Wsky|e] ZAbEtE ol
Table 4. Absorption maxima and characteristics of carotenoid
Organic Reaction Amax(nm) Partition Ratio Identification
Absorption maxima
in petroleum ether, n-hexane 470471
in ethanol, chlorform 476-477 astaxanthin ester
in benzene 488
in carbon disulfide 506
Partitioning behavior
(90% mtehanol-n-hexane)
before saponification epiphasic astaxanthin ester
after saponification hypophasic
Allylic test positive positive positive
Acetonide test positive positive positive
Epoxide test negative negative negative
Reduction product(NaBH) 422, 450, 479(in p. e)
Product by methanolic KOH 495 (in benzene) hypophasic astacene
Photoisomerization by iodine 473 (in p.e)
Acetylation (Ac;O/py) 466 (in p.e)
Rf values on t.l.c. 0.48~0.75
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