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Studies on the Biochemistry of Carotenoids

Shigeaki Takagi

(Department of Bioresources Chemistry)

Green leaf carotenoids mainly composed of lutein and g-carotene were studied

regarding their its biochemical and physicochemical properties from new stand

points in research. This review contains the following contents ; 1) Compositions of

leaf carotenoids vary by season and temperature effects this phenomenon. 2)

Lutein was isolated from spinach leaves as a crystal. 3) Lutein inhibits spinach

lipoxygenase activity, and the addition of a small amount of vegetable oil to feed

grasses will keep their yellowish color. 4) Lutein disperses in aqueous systems, for

example, protein solution, surfactant solution, dilute acetone aq. solution, to make

chiral molecular aggregates. This phenomenon suggests some probabilities, for

example, an electron conductor in chloroplast or a biotip for a light switch. 5) When

lutein is used together with carotene, human leukemia cells differentiate more

clearly than by a single addition of carotene. This means that lutein has a synergis-

tic activity for carotene in control of cancers. 6) Behaviors of absorption and

metabolism in the intestine were examined with both hens and quails as carotenoid-

accumulating animals and rats as non-accumulators. The former accumulate lutein

in the body, while in the latter lutein is missing after absorption. 7) g-Carotene

cleavage enzyme and retinal reductase were studied in vitro regarding revised assay

methods and some enzymatic properties. 8) A new method of separating palm

carotene from crude palm oil was developed for the palm edible oil industry.
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NLREEEIE AR, Fo%, OAMEER T Rk
IEMERI OIS HRTR 12 4 SEREE L 72, 2D
IRE L DEAHE X 72, FD%, MEN|EAL
REMK L, EREADOIZ 5 21K
B s BEELKERYGZ, MILKFRYFEBICBENT
ERERSRATT—=h [Ha T /24 FofibE
WErgel Th-72. FH9L T, ui /A4 FEEL
TIIBRECFESRAY, BB ALY
— G MEAEEDFE LR THE a7 T 2
Mzizpra T /4 ka7 0 L —iEIHEL
THD, ERIC BT 2WEHEFE~DOBEE &, &5
KEFHHMTAH T /A PO L WiFZe R X
LN EEZPLTHE, REHTT /
4 FRERICHEEME LTI Lk T, #
QT ENLNTA R EXY ST 4 VHIZ R
Motz WTA VISR RICEEICHAL, E
Btk e L THE LT CRFLES KT »
WM Th 72, 2L ) HFRE8-> ToBE
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12, BHR T A EREDHF2DIRIZEB T, A bd
DBIRICATNEFEER S22 5 ThH D,
1. BEHnF /A4 FEROFEH LS
BEICHAETAE AT /4 Rl g-Hui,
NTAY, EXFT7XHFr, AFXHF, T
YT xHrFrostE (Fig. 1) THDED, 0
MR AT T 22 3T LA ML Tn
Lirote, KERDBTHE7un 772 (57
IAF) I sea Ty e RICEED T T /A
FOELEL, ZDIREAEIEF T a4 FEICAED?,
INLBENTT A FOMKILIIEES T B
LOTIE L, FHINZ L > TEFHTLZ LA
ot TEIZ EICERERL 2 SMEEES LT T
A F & UNERME HPLC 12X - TERSHL 72
(Table 1). WHBIZEDFER, S NFED 5 LEDIL
KE TORRDEA LRI p-Ha T 29% <, 1
Fhir b BEE TORNKIERIC AT A v nE N2
Db o7z, By KEARREYIZOWT L IE LR
BhHN, BLWRHIDEIZIE g-Hu T %L,
XD RIZIINT A v 3%, 2D L EHREK
WX amEEASICT /A FORSOET RS
T E Y LR, MEBHE,LNTuE S
Y ADBGED N —H DR R 2 L 72 & X 'z
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Fig. 1 Carotenoids in Green Leaf.
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FEMIZE > TRZ Z2DT, 7 F7oskihiiz v
RiRDFE L, F RGN v OREE DR
HWr P~ (Fig. 2, Fig. 3). k&> —ENE &
B AT /A P KRE B2 52 TBY,
—HEERIFFIR20C, £27CT0.3J LIz ks &7
97 /A FHBUCIZ E A ERE L BT v, Bl
BT HDER LS5 H2 b 9 FTIH0.5-0.8
Jem?min ' TH O, ZHNIH0.3] THh 5D T, kkIE
HnaT /A FMKOFEIZEE) D E RT3 6EE X
NLLLARIRTH S LRI 72, 28R 5,
Ko7 2R K e Ty EromuW iR
BEIEL TwWBZ Lizb i B,
2. BEHSGLTAL - OHBEY
BENEATT /A4 FD) BT A 2R
EF B EBERBL 2. RV Y 7EOkeh b
sau7x )V (Ch) @ x5 /—n0 (MtOH) =2 1,
v/VIRBTHRE % M L, fiBw %z~ +> (Be)
BHREL T AP NEEH I = 7T 7 4 —i2fk
L7z, iBHiE Behon v =5 v x—7 )L (Ether) &
J¥ % BRIz 1T 72 Be/Ether iR & 0 EKRATV,
F & LT Be: Ether= 6. 4 DIEH-THEMTAKRE D
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Table 1 Composition of Leaf Carotenods in Summer and in Winter
. . Anthera-  Viola- Neo- . Total carot.
Carotene  Lutein . . . Crocetin
Plants (%) (%) xanthin  xanthin  xanthin (%) (,ug/lQ g fresh
(%) (%) (%) weight)

(In summer)

Carrot (Daucus carota var. sativus) 45.5 28.2 8.5 9.1 8.7 0 743.5

Maize (Zea mays L.) 50.0 37.0 6.3 4.2 2.5 0 1,389.0

Soya (Glycine max Merrill) 50.6 33.6 6.3 3.3 5.4 0.8 1,376.0

Perilla (Perilla frutescens viridis 41 .4 26.0 8.8 13.7 6.0 4.0 2,233.0
Makino)

Cherry (Prunus yedoensis Mat- 36.1 35.3 5.7 16.6 6.3 0 2,142 .4
sum.)

Maple (Acer palmatum Thunb.) 36.4 40.7 5.6 11.1 6.3 0 3,158.4

Azalea (Rhododendron indicum 30.1 33.9 8.4 13.6 9.1 0 1,436.0
Sweet)

Spindle tree (Fuonymus 28.9 34.2 8.0 15.6 13.2 0 630.8
japonicaThunb.)

(In winter)

Radish (Raphanus sativus L. var 28.4 47.7 8.0 8.6 7.3 0 1,058.0
acanthiformis Makino)

Lettuce (Lactuca scariola L. var 28.5 44 .5 8.8 9.9 8.3 0 1,019.5
sativa Bisch)

Cabbage (Brassica oleracea L. var 17.9 36.3 15.3 14.2 13.5 0 1,731.3
capitata L.)

Leaf mustard (Brassica juncea 20.3 33.5 18.9 15.2 6.2 0 2,175.3
Czem. et Coss.)

Azalea (Rhododendron indicum 22.1 42.1 11.9 11.2 5.2 0 2,022.0
Sweet)

Spindie tree (FKuomymus japonica 34.5 42.1 9.9 7.5 6.1 0 789.5
Thunb.)

BAKRGNY FOBGHNT A > ThHDH, HEEIZ
EAYEBEREBELENOT R SICEPLT—25CIc&E
< EHR48hr TR A L EICHTIBL T 5. F
FEgh L T3 S U2 HERRS d D UL & 12 730mg, mp.
176°C, =G T Ether, T F Y ICHBETH 2041
T —7 /L, MtOH, Chizi3##E TH 5. EtOH |2
LV T A PIIBRG e a[fRIREA X7 P L&
RL, 60 Mhz » 72 } > NMR o) Hes i s it o
T LSO & B —B &R L7z, F72, MS 54
(70 ev, 4 A FEEE270C, 72 —7 £ —F—150C,
T A v RERD0.1 %7 & b v BHDOEBEA)
2k B EMTELT m/e 568%3L, E52777
A2 A FTHD m/ebs0 (M-H,0), 532 (M-
2H,0), 476 (M-92), 458 (M-92-H,0), 444 (M-
106-H,0) Z & %#/RLCBESY & B —3 L 72,
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Fig. 2 Effects of Temperature on Compositions of

p-Carotene and Lutein in Grape Leaves.
(O—0O, B-carotene in newly matured leaves;
O—0O, B-carotene in mature leaves;

@@, Lutein in newly matured leaves;
O—0, Lutein in mature leaves.

A BB AT R L) FPICEERM RIS, LT A >
124 B LP &M RS % R,

(LP il s:) | frgs|an ) /—/Uigic0.1MY)
R, PH7 0% nzZ, & 512 Tween-20% 112
TEALR 4, 1 NNaOH # iz TXTERIZL 26
ERBEEIC T A AT v 7L ) — VBRI B AW &
T3, 174 >3 1 %Triton X-100% & 1:0.1MY
> EERRAEE, PHT7 0 L CHER L 720 VT A v IBE
i3 E'*., 446nm=2344 (in EtOH) % H\ THlZE
L7z, BERGEMER Y 2 — VIR R0ANL . 9md, 1 mM
EDTA 0.1ml, #27E#E0.5ml, BEHRAMO.5mlD It
FAIZ & 0 T — 7L T RRIERT 2 > TEERIRI
wmrWEL 2, VT A v SRAERZ o
Mz 5L EEZD0. 20 E % PUGFRD ) > BEREIEIR
D0.2ml & AN Z 72 FUBRICBIT BV T A Vi
13 EE R v TH#EE incubate L, AAbss: %
RERFRYIC B L 72,

RIV Y IEDNT & b R E HERE L
% Triton X-100&#, pH7.0TH#H L CM-t o —
2717 7 e b KU Sepadex-G-2005 )0 5812 L
> T 7772 MIBIT 5 LP iEEo#25fEic
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Fig. 3 Effects of Light Intensity on Carotenoid Compo-
sitions of Radish Leaves.

O—0O, B-carotene; @—@, lutein.
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D LP EMEII LT A4 > 12 & » T intact #3045
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BEFEWRIUEME & ) 2 — VERIERE X B8RS 5 Km fE
12667X10MTH Y, T4 EREFTY /— LB
BESEWE (Km bl B) BRRIDGEEIZNZ &
nNd, \Wwol¥H, VT4 iF KmUETRELIZL
(k> TEY, )/ —NVEBEOERED & S 3HBER



February 1998

WENT AR FAiNz b b Z E5bhro
7z(Fig. 4). V74 v %%z TR7Lv > V77 LP
DGR ER R 2D &, EEEFRBIUEEDFLE
ENT A BREEEIZERBIOBRICH ZH, LT
A AT LB R S, wolE ),
BEKEEIHMKAT S (Fig. 5). L LY /—/LE HPO
FoREbIck - TAHaT /4 PRI - T
VBRI, BRI S UI T A R
BLMZ 5N THRTHERERIIE L L, 22
XY S VBB F VT 4 2 IZVET carrier T
HO, VT A BHDLALPOEET) /) —ILEE
DIFBIRZHEL T2 2 2R T35,

LI ED RIS 5 728, VT4 > HIrET
5 & EARTY 5 HPO # Bl & mF I & L,
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Fig. 4 Effects of Linoleate Concentration on Lutein
Bleaching.
Enzyme, 0.236 mg/ml ; lutein, 1.23 M.
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Effects of Lutein Concentration on Inhibition of
0, Uptake and Lutein Bleaching Activities.
Enzyme, 0.470 mg/ml ; linoleate, 6.33 X103 M.
C—0O, lutein bleaching ; @—@, inhibition of O,
uptake.

Fig. 5
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BRI A & s FRIR N 5T HPO &
DBk E T2 (Table 2). V7 A > 8REMIX T
WU & L7 FEFE DR d ) / — viiE HPO A:piiz
b T30, LT A4 kX Tlid HPO wmi3EE
TR ED SoRed 72l L ) e ) S, 2oz
L4 2BERESGLT A B BICEbLN T3 &
FzZob, 4 X1002MY /— VB - LT A4 ViR
KizB«T, 1.08 yumole DEEHAIILT 4> & E )L
W11 TRIEH2 L7283 558 1/4D0T4 28
B b -z ko), ) S uEEEER L B L
72#4 (1.32 umole/122.4 umole) & H~ILT 4 >
AT EESR & DBOGHEICHROH TEA TV 5,

ZIZTNTA > OREEESEZ THRL, LT A4
T TIELPY S - THRER AN L e L, B
LU, BEDY) ) — LVEEDAAE THIH TILT A4
X LPIC L - THHRBIN G REE2T S, £25
W, H LU S —)VEERRESK L 3T preincubation
L, Ziziv7 4 > %Mz % & preincubation DkF
fiA 155 %2 5 LT A > o Emidss < 2 5,
HEDEDREDORIN0BRETH L, ZZ LidL
TA A HPO EUBEL W 2 EKL, LA
= A X T OANEDT T AR L - THEL
ENBEEZLNDL, WolX), VWTAYRUILT
A BRI LP 2L 3/ — VERRE L (B
FIRM) #HEST S, s 0kE» 5, Fig. 6 o
X)), QA LPIZLEZNLTAYBEEY) ) — LR
IEBEREOBIE 4Rl T\ 5,

BRE T IR AFAET S LP 13 2 oMl Tk
2, EHEE FASHREC O TRBAETLAHD

Table 2 Correlation between the Determined
Hydroperoxides and the Calculated Hydroper-
oxide from Oxygen Uptake

Hydroperoxide® (gmole)

Lutein

Linoleate No lutein
concen- -
tration Calculated Calculated
% 102M from" Deter- from" Deter-
oxygen mined oxygen mined
uptake uptake
4.08 2.98 2.62 2.40 1.32
2.04 2.24 2.21 1.80 1.32

Enzyme, 0.470 mg/ml ; lutein, 3.80 g M

a) Values for 15 min reaction.

b} These calculations were based on the following equation'”.
ROOH+ Fe?” —— ROt Fe*" : OH

Thus one gram equivalent hydroperoxide reacts with one gram ion

ferrous.
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Hydroperoxide
H- (R-O0OH)

(2) R-00 - + Lutein (L) ——— R’ + Lutein bleaching product (L-OO - )
!

ROOH, CN-

7—’L-OOH
H-

Fig. 6 Equations of Oxygen Uptake by Linoleate and Lutein Bleaching Reactions.
Lipoxygenase catalyses both reactions in equation (1), while lutein-bleaching enzyme, the
existence of which still appears doubtful, may be supposed to catalyze the reaction in
equation (2). Dotted lines exhibit inhibition. R’ may differ from linoleate.

B EGLPESEE 70T /A4 FARETLZ LR
WHEHIFET L7007 T2 Mo E B
W, B, VT4 v ERICRENTEADT /4
FTHB B-7uT v LRMOMEFREZ R L 72,
INLDRRDBEADIGHE LTI, FEED &
LTNHEEI NI T L7 7L 7 P BWTiRE 0T
A FWLP IS L - TREYT 2 Z L 2 <Clzoicid
AEERRIEE 2 & ORMIE % 5 A 0 TCEDOBEIC f74E
TaAHuT A4 FEEELL EMZ UTEEIZET
Ll ZEDEZLNDIFERIZL Ty,
4. KRIZBIIBZLFA L ESERTRE

4-1. EHKBEBRPTOLT A >~ EAEKZEY |
FRETH BNT A > & EKERIC R I8 L,
APTERT L by ), EAHELTA > &
DFEAHERIZDWTHNRL, 7 /) — LicEH S
72T 4> #%46 nm 12 A max FRTOICHLE
FUKBHIZ R S -8 4839 I nm ic k&> 7 F L
Tz (Fig. 7). ZOBLRI FAEER O KERIC
Ef L7 ZCL RN, VWTA G FD 2 &
T A LD TH RS LTRIZ L - Tk L
2K stelobéEZ 2, F2T, EA”EENLT
A > DMHERIZ D TR EMZ 28R, VT A4
H/EAK (w/w) pEeSE (5 X107°BLE) RY
EHDFEA F > BISEpHOBEAE G L 72 0 4
L, wEhoBER VT A > obIEIF5% LT
Hotz, ZDZErn, ERHENLTA Y EOEAK
BEE 2 b1, TIUHBEORERIE, VT A v
HEERALTWD 2, RUEHESAEKEE
S TWwWBZ EERLE, WATLT7 > (OVA) #
AT 81345,000% £ 240,000, 7 XX 7 a7 Y
> (AP) o & &370,000%°507,0001= % -~ 72. AP-)L

Abs.

350
Wavelength (nm)

Fig. 7 Absorption Spectra of Lutein Ethanol Solution
(B) and Lutein-Protein Complex aq. Solution (A).
A max of A is 391 nm while that of B is 446 nm.

TA CHEBERDRI A F A > FaEEERZINZ B &
EEHEDVILBT 2HE4( A > (SDS) BUHEA 4>
A ER (Tween-80, Triton-X-100) (258 %
HRBEHDOREFRD, 2587 5 LA
FWDIHENLT A OBIEIZRAL, FEAF
MDAz 2 T % (Table 3), EHENKE
BRVRATHEZ L LEA F o iEHAIZI I E R
RLTEAEDSAGE BT 2 eEZ L1V F 72
WT A BEER L eIt N A 2 L EZ S
Nz, EAEOHBBRTHIRE, /7T=or%2
NEDFRITINZ 72858, 7 LAz & - THE A
DILT A > w3 EE LR AR A D EINAIZ15 % L
TTH-72(Table 4). 2D &ZNTA>DEH
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Table 3 Recovers of Protein and Lutein for Gel
Chromatography of Complexes Formed in the
Presence of Detergents

Protein Lutein
Detergent recovery® recovery

(%) (%)
None 99.7 67.5
SDS 89.7 34.1
CDMBAC? — —
Tween-80 96.4 90.5
Triton X-100 100.5 91.8

a) Whole protein of Azuki C;° was subjected.
b) Cetyldimethylbonzylammonium chloride.

Table 4 Effects of Urea and Guanidine on the Interac-

tion between Lutein and Azuki Protein

Protein Lutein
Dissociating agent recovery® recovery®
(%) (%)
3 M Urea 99.3 15.0
5 M Urea 95.3 13.5
2 M Guanidine HCI 97.4 16.8
4 M Guanidine HCI 97.0 14.6

0.3 ml of 0.015 9 lutein alc. solution was added to 3 ml of
each 2 9% protein solution containing each dissociating
agent with the prescribed concentration.

a) Chromatographic recoveries with Sephadex G-200.

g’\mfn oAt ﬁ&%‘é%‘] J:O(Cf;ﬁ( l-gﬂl.j—.ié ﬂfj”io,
NT A 3EAEDIEBEIRS RS L TEHAKE
EHT 5 EREFICENENDSEFHHEL T dEn

Y ENTE S,
4-2 . LM A EBECHEERBELTHRAL
KgEE L EET B

NTADEAEEKRTESICHEL THEITE
O)L‘A%géi_’ﬁ“ﬁ%f%%%i‘ﬁ%ﬁﬁ’ﬂ (MR R OF P
BEHSER) DEiL E» SR L2, LT A 2 —EHIT
BHEARD F'%#@ Mo ix (CD) g, TRk,
FNrgaw 7774 —RITo12HR, VT A VIE
OVA,BSA,B-Z7 77 vt #60 TH

W25\ 27 PRI CD A7 b L& BRI
i25 272 (Fig. 8). ¥4 bbb, 374 nm 121E, 395

ICH OB KRN AH D, 384 nm O cross-over
point (3 AT4RIRIL 227 } LD A maxiz—3K L 72,
ARSI AR R e WL T A4 Y E
HEFFERATDZ LI > THIIZERLEZBEETH
b, VT A rmix—EIllLTNLT A /OVA T Lk
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Fig. 8 Absorption Spectra (A) and CD Spectra (B) of

Lutein in Ethanol and Lutein-ovalbumin Complex
in Aqueous Solution.

Lutein concentration was 4.20x107*M through-
out all the measurements ; ovalbumin concentra-
tion, 4.53 X 107*M (curves, 2 and 4). (1) absorption
spectrum of lutein in ethanol, (2) absorption spec-
trum of lutein-ovalbumin complex, (3) CD spec-
trum of lutein in ethanol, and (4) CD spectrum of
the complex.

’Emﬁifibj‘cﬁ‘%f’% HEN3TA nm 2B 5 BN
rqu [6]s70) IHITF—EDEE T, %wﬂ:%? 5
SRk t%ﬁiéd‘ﬁ&%fﬁ L, ik ons4 > /&A
’iﬁ%wnukbi%f%é# wEAb L Tv AR
DREEENIIZ 8 TH -2, T, BAKRD LT
firrAric & %5 &, 5,200 rpm, 15 hr THEWDL5%
UL RN 15% D FE Mn 3727 ThH- 72, =
n%@#%#gw%4>i§ﬁg’#%ﬁmtﬁé
U AR s s e 4 15 L, KR S 3
26T 5. 11/74' v OEMNE FEOEE, PiHi
TA 2 WFEE L 2 EE R E R I E A
WTAFEAL T E, & 5w (%5 lutein/OVA
EN2LE) B2 AU TAEEZ NS,
PLEFIERE EL TOVA 2 HW2BATH B0
BSA X 8-LG # T L —#efyZ#i2H 53 CD
B A I RIZIZITFEL <, TAAEMEIT OVA 2
flik ) AL & - 72 (Table 5). —7%, RNase &
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Table 5 Absorption and CD Data of Complexes between Lutein and Several Proteins

Observed CD-band extrema. Positions (nm)

Conf. of . Absorption and corresponding molar ellipticities of
Protein protein Mglar ratl(? maximum lutein X 10° in parenthesis (deg. cm?. dmol™})
lutein/protein — -
X 1M (nm) Positive Negative Cross-over
peak peak point
Ovalbumin 2.02 0.21 384 373 (8.54) 394 (—5.30) 384
BSA 2.02 0.21 384 373 (3.79) 396 (—3.94) 384
B-LactoG. 2.02 0.21 384 374 (5.65) 398 (—4.00) 384
Lysozyme 2.02 0.21 446 Not detected*
RNase 2.02 0.21 446 Not detected*

’ mm addition of lutein to proteins were solubilized with 0.5 % SDS in 0.1 phosphate buffer,
pH 7.0, followed by measurements of absorption and CD spectra.

lysozyme DEEIZ N T A > 3 u] HFE 3~ T
L7, L#» L, RnaseidpH#11 (pI) LI kicd 5 &
OVA 7Z¢ KRR pl #5>& 1 L [H L’JJ‘J’MLEI’J
?‘iﬂ%/httzm ZDZ LA ERIE K OpHEE

W, RIS E AR ma?éOVA@
@Eﬁélﬁti“%& DILTA > ofRi&Eaa A FIOEE %
FeretenwzdTh s, ZOBME, LA HARD
KEEFORESGREE-> TEAE L EEKED
(B THD (4-3T), Lh->T, L7574~
EEMYD pl P EOpHEMThUuS G rTE0mEEIC
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DEINTA PN AT /4 FIZowT OVA
EDEEEIZIR K CD 227 F U DWTHRNT,
B v Z x> F (4, 4-diketo-B-carotene) (38
FELAHIC 0B U KB & 70 %, GEs e % A
L7, WolT 9, -7 )7 X4 > F> (4-hydrooxy
-B-carotene) 13 OVA & KiaMHEASIKEZEIKL,
ZDHMIAL A7 b VAR EI2#30nm & 7 F L,
fine structure DI IRIGED /INE WIEL D 22
JEnERLZ.CD 52, EDART LD —
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NT A2 &L HBRTRIIZIRL TH ) 512 CD 2
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BUNECRRETH - 72,
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T 7 5 720,
°U1>%@M
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ZEDPLTAE LI REOY” AL TEY,

ZOBZFER L2 NT A w5 TH5% D F G
T LBz 5, UL, BERY 138
O THNAEKRFEER A FXxT 9103
EIMTHEFHALTLCD 23T, £/ —10
WZET 72T A v L CD 2R3 W2 o b, LT
A >N L2 T 5720123 VT 1 2 H
GO L P DKL EEEZ blh, o
DOREEZACII NN A7 L& Fh iz L T—
w4 o7 /4 Fo trans »* & hindered cis Z 3]
BOENTA L OREIZHHATEZLICE > THHRE
PS4 5 2 3 HIR B A%, Wl Tl CD &
L THbNAERDED L 50 % S W,
F 72, x WT-oREREEIC L 5#60nm DMK
7 b IR ZEHESROEFIRE)NC L 5 fine struc-
ture DRI S fREIC L 5 dipole-dipole #
HAEHD e # HEE S T B,

WZBEIRL T, VT A > -OVA AR IEH
EHESIRE R 2 2 s n k) sy LT
Hir kG, REE L TINEY ST &2z b
&, CD A7 Frone— 7 ERIFE Rz 7 F
L [o] bRECHEFLA, Lo, OVARENS
W (0.2%) EEICIBZZNL ) Ak ELEALIZRD S
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Thb, Tihbb, GHUEDOHKEREIZ LT A >
DHMMEEFE S TR T 2221280, L7 A o
WS EEE S ERT AL D EEL B L (X
TN b)), L F ot OVA &Ko
KREETBALIC AT L THAIICHET A2 81280, L
TA 2 EDOFEMEEELL TR IEHEIG 2 151 5
EEZ LMD, LW -T, EUHBIEI KL &
HRE RIS & - T 2 2 A RDIRIIA W CD 2
~7 B, LT A v ERREOBA L UHE
T4 >a «@F” DAL EIZLBLDE
EZIUTEL, ZRHDBRIIEI~NDLT A D
O BT 52— & e 72,

4-3 . REEMHASHEI T A > D Chiral Aggre-

gate R & ¢ DORHEY

1 % SDS (#35 mM) &icmEfbL 72074 >~
BB ET 2 N EEC R UBIE Y CD 2
N7 NERLE, EZAHD R LB (CMC)
LIT o SDS SR i L 72T 4 ik &0
oA Lot E 2o L 72 (Fig. 9).
0.1 mM SDS TIZIRSCEE DML B T Tl vy,
SDS#E#0.3mM U i3 2 ERREIIAE L
5. [8] bREL % Bh, CMC A LFRTLT
CD /3% —> Diidiyd 5 DIIKE L BHTH 5. CD
227 b VIREE g — 2 D F FREIC 6] RS
<7 h, 50 mM Tiinizeeiciiikd % (Fig. 10).
LT A >3 CMC LL Loy SDS P T L 2R72755 CD
WEZFR L T a2, hE 4 U wERENmED
Lz bic k- T ol i3 3U3md 5. 2
I T 4 >H° SDS 2 eiclRYAFNzzeo &
EZTwE, ZokHiz, V743 SDS 1+
RN AEN G &, AWBEEPLFEL LHI2CD %
RE DY, A (pre-solubilization) DIKEE Tl
Ry NrIE 2 RY., ZOBRIEZZ L ED
VT A - DEEE ONTE 2 TAT, Hagar 522
i1 9§ EtOH Az LT £ > % iR & -1
27 P NLEUEL TW52, £ THEINIZR
~7 P VELIE T2 D SDS IKEBED L DIZEHMILL
Tz, FriZZ D27 P LVEILORM % 53T
“Card pack model” c k- CTHER L 72, T4 b
L, ZOETNTIERY) o FEME & BT
TaEEREO(N, BRE— A2 MV TE L 5.
ID L) e FEAEKRTIZIEBRIEER P Z 1L kb
NTREERMICY 7 P L, thokEAEZ 24—

haF /4 FOEEFHRE 235
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Fig. 9 Absorption and CD Spectra of Lutein dispersed
by SDS in a 20 mM Phosphate Buffer, pH 7.0,
before Ultrafiltration with a 0.45 ym Millipore
Filter.

Concentration of lutein, 4.64 xM. Concentration
of SDS, 1, 0.1; 2, 0.3; 3, 1.0; 4, 3.0; 5, 30.0 mM.

Fol 2 eSS, BEEITHL, Lo,
ZOETIAIR ) 2 FEAEMIIB L T Rm 2 FFO
e HESFE A RS 2 L IIHIFLICCWw, IR
FTBEI N FEELHAT HITE LT A >
13 card pack ThHdERFFICIERRIES & 57007
Xz &%, §7% b, chiral card pack 7L
FEZDBIEDVLETHL, ZDETINDFEMAE G
g oI BREHITIEA TEEL, UL v
bIPizTniud kv, 2ok s, ErfAIcE 2
O ERDPERE NG, ThbbARE L kS
DHEAREERTH 5.
Bradley S22 kAR TEBGIED LA IKE
ext L TR & LS CD o EHRIZ L 5 &,
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Concentration of SDS(mM)

Effect of the Concentration of SDS on the
Molar Ellipticity of Lutein in a Phosphate
Buffer of 20 mM.

Lutein concentration is constant, 4.5 uzM.
Curves 1 and 2 represent molar ellipticities at
376 and 408 nm, respectively.

Fig. 10

0o R ) > BEFME2FETHBE ALY, 22
TNT A 2 DWTEHE X 1172 SDS (IGIEEETM
DCEOEERYBPTO CD 27 F L 3o <2

~y%ﬁTT%65:t%fﬁLth.%@:t
W ZTEIHFENLZLCh ), Frld FRlo ¥R
Tk E [T A > HOKGRIZOEL TS 506

W IR = W THRAL, X T TEN
EEBDRTZEICL), ANEBEEBEDGTLEA
ML T %] EEZ L ENTES, SDSEE
# LT CMC ok & 2R 5N A 0 EBLE
IZDOWTHMTL2LENL LVWEHIE, LT 4>
DFDLFAEGKOEGHIMDSEELTH B, BE
125 23, D FEAIERDIEA DORTFE S 3T
(, ZORMBDOITIN—TDOEINDE TR B, It
NT A H5 T 3R, 38, 6 ROAEK
FERLX T LT LTHS, KEBEST R~
KEBHIZ BV THEE CD ¥ —> 2/RLTW5
ZEb, TOREIZBICILT A TR
M2k 5 TOARPEZND &) THD, HIVHES SDS
32 D5 FEEERDERK & AKTHEEEZ R L T 5

7% b,
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EEZ D EHR, KBIE SDS 4 X THEH 5
N BREERKIZ PR ETH Y, SDS BEITT
5rBERICY ) —HoEKIcE{LLEEibT 5 &
#2541, CD DT 7D & o e EAIROMIEZL
PRML7ZZL0THAHH. ULERF &HTFig 111z
AR

ZHEEDONTA CESERICHELTWE SDS &
%%N,w%4>tﬁiéSDSmﬁé%wﬁ%$
7229 KO EINI A <A, SDS/ VT A v D EIL
i i/lﬂ“‘% BB TEL D100 530TH Y,
BLZIENTA9ueMUETIEINTA > 19 F47
) 10&7*?0) SDS ##E& U7z s Bz EAKITT B
BT A, BAKDY A LIZHOWTO45m 3 ) RT 7
4N —FHCTZRBASHEIZ LY, HEETEDRIL
& CD 27 b v& B LT L7229, Sl <
7%, SDS {2 BOUTTHELL 720 T A >1320.45um?)
TANEG—HFI3IE AE10% BB T 5 DI, HEWD

(6] 3RBBUAT T 5, 254, CDR=7 L
WiEEE ) SDS B T & A S0 - 72,
HE&LTEZOLNLZ EiF CMC Ll Lo SDS &
JEIZ > THNTA v i3LiIEs Cofaitind (1
5mM £ T) TRARTTRIZTAEZ (> T,
Z 0. 45umD 7 4 )V F —F BT b & XITHNT,
INEVWSAERR SDS LB YIAFNLTA
VAT, RERELTCDEMENMETT A, L
72T, MRTIH LNV T A > SDS B
BT 324604 X2 1 mM SDS (CMC) TTE
0.45mfEE L v 2 X2 B,

VT A AR X TN L AREIRTH BiE
e L GEMREFEMSRGOBREE F R A 7022, 4
RSN TA v 2R LRSS T, 2ORER
rauA @)y MioE, BELE Pt-Pa iz
& % positive shadowing X 1 %EEEE 7 7 > Ki&
iz & 3 negative staining #4772 D HLEEEL 72,
SDS, 4 F 7 2 iEHAPY UL T+ b o KETN 58
B AEICEROBEIBEI N, T K
B b7, 20 &%, CD A7 F Lol
DR D HBEORNE TITMEVWEEILIZDLL Y
VWS, R/ RS DD BEICEILL Twie, fFnwT
LA LBz B iEEA s L TIiE LY o v T
L) ERY =L h58H & L TRBEOEREIT-
72 & 25, pHIILL Eod@ivpHE Ca** DAfFEAE | TES
X7 OMERBEET 5 2 Lotk (Fig. 12)27,
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in ethanol aq. soln.

A7 /4 FDELEZMFR 237

in ethanol

Card-pack
M. Kasha(1963)

Chiral card-pack
Bradley et al (1963)

in ag. SDS

Fig. 11

+ SDS

Chiral Card-pack Model of Lutein Dispersed in SDS aq. Solution.

A, absorption spectrum in ethanol with no CD ; B & C, absorption spectra shifted to
shorter wavelength to acquire CD with positive Cotten effect; D, CD pattern reversed
in increasing SDS concentration ; E, absorption spectrum returned to the original with
no CD under higher SDS concentration.

A, Absorption maximum.

Electron Micrograph of Lutein Aggregate.
Lutein aggregate dispersed in PC liposome in
the presence of Ca?* at high pH Solvent, 20 mM
CaCl, aq. solution, pH 11.5. PC concentration, 1
mM. Arrows indicate left-handed helical struc-
ture. Vesicles have high electron density.
Lutein concentration, 6.0 4 M.

Z DIFDBREFMORET S HpH 8 20 &5 9 o JE IR
M7ZpHEM T THREE S22 PBEINLZOT, 1L
TA BT EHEIIBTLE ) 2—DHEOLTHID
MEDPELDT 22 ELTHbND Z ED55h - 72,

INLDRERIZET TR LT A v EAEEKD T
L REEOEANIE Fig. 13 0L ) THE, LT
A > Ik "EERS (B) KRTEEL, £
DEEMAPD L ODOTNBZ LicL - THKIZT
LU EESELN T, EAKOMUIZ LT 4 >~
@ OH #AHL ) FA CBUKMEZ2F5H, WEC itk
FOXERY) =2 p -2 HEEHIZ L > TEEL,
Hic kb z ETEELZHIZ, BIN A7 b UKk
Rz 7 bL, X x BFIC & B BRI L 1425
T3, Zor ZMHEBICCD 2”72 812k 5,
EBERREEER L L3 LT 4 > AR AT
HlLR#Eaof FE LT EEZLNL. PCYR
V—ALRIZBWT, TSI EHE CatHAET
TEREINRT VW Db, ZDE X IZIFREKD
Gl E N zREIZL-Twb EBibh, XY
BUZIZ KR TR D LN TXTONT A > 2A4KIE
TR HEEEE ST BEEFZ TR, /2, TEM
TEEINLLBEKDY 4 X (1§0.1—0.2m, X
0.3—1.5um) 31T 4> (BE304) ni—414K
ELTRRKRETEDLZ DS, B—abkre /<
— ¢ o TEREN KRG EHEL T3,
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Fig. 13 Conformation of Lutein Aggregate in Phosphatidyl-choline Liposome (PC).

“e ", electrons.

ZIH9LTC 0Ly nRkELEHEKIBNTL I®
SIS BRI NLIDTH L b, VT A KR
TEETHMAEAENCX INL T2 ThEH D
LERLTW5,

Fig. 13% 5 &, =02 Ed s Thbb,
NTA > SERDE TR L 2 et Fio 2
ETH A, W ERHAR T B TR FEBEE
B L TR0 5 26EKD—Fh LINRE A
U A 5 FB8DBE T/ HER IR L THAH 9.
ZDRIZDWTITERG R LRIz e W2 H KRR T
HbH, 7aaTIALNFT oL FHAEKRILIC
NTA AL, RINIAT A > KD TESL
&R EENIZ MRS L T BT, K BBtz &
DAL ZEFHERe IR R BB 5 EEKE L
T > TWbDTE W eEZ L, T2, T3
BHZIZIC & - TEEERE 200, Wik s 2
AME (L) 2 FARATE2WEMEEZ L - T
Wb, Gk, Il EWEREFMS B VIEE
TNET D ERLIGHEVBEIND Z & 2 55T
5.

5. bt BMREIEHEOMEICRIETHOTEN

T4 DREY

70T r OREEIE IR ER 2> ST
N3z g o T DR T 0 E— L 3 > HE
HALHELPIZENTERTCHSE, Zbha T 0k
BEO — iR M D AR AELE P IZ b B L E 2 b
5., VF /A Mo & A b iEm IR ST

Table 6 Differentiation-inducing rate of ML-2 cell by
spinach carotene-lutein co-aggregate (%)

Carotene conc. (gM)

Culture time (day) ,0'9 1.8
Lutein/carotene (M/M)

0 2.5 5.0 0 2.5 5.0

2 0 1.9 0.9 0 2.2 0.5

3 0.3 1.9 2.7 0.3 2.9 2.3

4 0.3 1.9 1.8 0.3 4.1 5.1

WB LN, HaT /A NizkBEBEDEEIZD
WTOHIRIT RS 58|, £ 2T, b b OImEEE
McHEE e T /A V252528108 -T, #
R iz BT3B 2 i~ 7z, ek ((gmek
BiEKAR) o ML-1, ML-2#ilg, &8#sko HL-60
Wl 3cell line® Aivi7z, NBT =it % A«
T, ML-2#laichkrr > Y 7 ha 7o @ & it
N B-Arv T R 2 TH{GEEENE 2D
IS N -7, ZhiE a7y filaE
& & DMIHEACR AR - 72 b TR v L £ 2,
T A 2o LECHINIC B eI AT A R ARIC IS
WEL L W Z LRI N T, s ERAIAL T
B-AraT v T A OIBIAKE MRS THERD
EREAT-o72 8 25, KELGHEEEIIR S
72 (Table 6). Z#ix ML- 2 #13a o BERIER 7 [t~
DGALTH B Z &5 T4 PPetaEic & 2 ik
DBUEEEBE D b LR T & 72, 72, LEFEE
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P E S SR D E koA S bED Y b
AaT A FIZOWTHND & &N assay
Ked7z & = H, HL-604fikd & CD-1551bHL/E % H
v, REECOEPURG S DA S DD R W I & h
VRSN el
kam s LTI, g v T 2 2 TR M s & L
FE L TR LRIRIEINZ 0D, LTA 2 ED
PERIE B-A 0 T > DRERE 5 ) ELOFIC NS T
BY, ZEnTA > Ml E OMHAEAHOKE W
CEERFRALLOHRIRTH B EFHEZ T 5, EY
iz o T B L A RER (B2 IDE) HFR
EROBRAFAND L EICEBILT A > & x Y
> b7 4 VLWL F OB 2 LT 5
ZEIIEMBBLDEEZ S,

6. BEHAQF/AFD=7 F)ICL32RINE A
®,aoms

=T M) EEBEOMEIC X b7 4 VDS
BRI EMEIN o T o HoBRII L nw Lpt
HHEN TV BERENRRIESI T /4 FOM~%

A0F /4 FOLELFEMIAEL 239

DEST DRITEE) & IV % UM~ DT &R %
FERINIRGTL 72603 v o TRz,

T A+ EEH G BE% 8 TS o T /A4 FodE
Hus, WJUE R i it m o i # Table 712
A, KAraT /A4 FORINAEIES0—60%THY,
Z D) HLINEANDRATERFDOR L S DI T A4
PTHRTR), ROTEATXH L F2 2T 47
XHFrTho7, ZHIIKHL, gART D
FRAUL 1 BLUT 2 8id TR, e, SR A o
T /A PSR BRI IR
nTwiz, —F, Ao T /4 FOERNSAIL
Table 8 D& -5 THAB, H, BARPMAPDIEKRE
WinpoT /A F&EHE~DAeT /4 Fofimic
IV EE - TBY, ZNLDMBTIEI e T /A
FOMAYD (RE) EEIKECZ EEIRL TWa,
HizBWTider a7 /4 F184ugiz it L IEBROTEN
37 dug b GCFICIRA L AT /4 KO
AT - RAEIEDNE W L 2R Twd, i
WTIIHFE D L 2VFER RO LI, LT A

Table 7 Absorption of dose carotenoid and accumulation of the absorbed carotenoid into egg yolk

Carot. in egg yolk

Dose Absorbed carot. . .
Control . — Accumulation ratio*

diet Carotenoid carot. Absorbed  Composition (%) Accumd.  Comp.
(ug/hen)  (ug/hen) (%) (ug/hen) (%)
B-carot. 6.8 1.8 26.0 61.6 1.1 6.1
Cant. x. 25.1 15.6 62.1 16.3 2.5 14.1
Lutein 35.2 15.5 44.0 82.7 12.8 71.1
Anth. x. 4.2 1.0 24.2 72.6 0.7 4.1
Violax. 3.3 1.7 52.9 48.0 0.8 4.6
T. carot. 74.4 35.6 47.8 50.6 17.9 100.0
Net Net absorbed carot.*** Net carot. ~ Net accu- - Carot. in egg yolk

Tfest Carotenoid dose** Absorbed Composition .accumd. mu.latlon A P c
diet (ug/hen)  (ug/hen) (%) fno yolk  ratio™** BTN Vg
0 (g /hen) (%) (ug/hen) (%)
[-carot. 292.1 184.3 63.1 1.6 0.9 2.7 11
Cant. x. 4.1 1.9 46.3 0.7 37.3 3.2 1.3
Lutein 1,104.6 719.9 65.2 198.9 27.6 211.7 85.9
Anth. x. 99.3 48.3 48.6 7.0 14.6 7.8 3.2
Viola. x. 217.3 132.2 60.8 20.2 15.3 21.0 8.5
T. carot. 1,715.5 1,086.4 62.3 228.4 21.0 246.4 100.0

* Carot. in egg yolk/absorbed carot.

** Differences between dose carotenoids in test diets and those in control diet, which means dose carotenoids originated

from leaf carotenoid.

*** Differences between absorbed carotenoids in test diets and those in control diet, which means absorbed carotenoids

from leaf carotenoids.

***x Ratios of the net accumulated leaf carotenoids in egg yolk to the net absorption.
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Table 8 Distribution of spinach carotenoids to organs and blood in hen on 3 day test diet

Net carotenoid accumulated in organs Net total
Absorbed
Carot. carot.* and blood after 3 days dose (ug/hen) carot.
accumd.
(ug/hen) Stomach Intestine Blnnd** Liver Ovary (ug/hen)
fB-carot. 156.4 1.7 5.6 7.2 21.5 2.5
(156.0) *** (0.8) (5.1) (5.0) (—7.1)***> (—=0.2) (3.6)
Cant. x. 1.2 — 4.2 7.9 40.0 13.5
(—0.4) — (2.0) (5.0) (3.3) (3.4) (13.7)
Lutein 363.3 4.0 36.3 80.1 88.2 46.3
(346.3) (3.1) (35.2) (72.3) (2.6) (19.7) (132.9
Anth. x. 13.1 0.8 3.9 8.2 16.2 2.0
(12.8) (0.8) (3.9 (7.0) (3.1 (0.2) (15.0)
Violax. 38.1 1.2 2.7 4.4 17.5 3.0
(37.9) (1.2) (2.7) (3.1 (5.5) (0.8) (13.8)
Total 613.2 7.1 52.8 107.9 184.0 67.2
(594 .6) (4.6) (48.9) (92.5) (7.4) (23.8) (177.2)

* Differences in quantities between dose carotenoid and that excreted.
** Total blood volume is postulated as 1/13 of hen body weight.
*** All figures in parenthesis indicate net carotenoids migrated or accumulated, which are obtained from differences

between test groups and control group.

**** Negative values will depend on the varieties of the individual hens.

COEMPEEETH DY, ZHIZINE~OEEE Y
BT ZLNDTHL, B-HuT v ENT A2 DEEHD
ML TS 5, B -7 2T > D) LIRNER
/I % L, BRBICHADIEIN 4 %, Mzl
H3BRATL T 27217 THY, ZofizvF /4
FABBMEINIZLDEEZ TRWTHH )., ZHIUC
ML, VIA LMo xd s b7 4 VERIZ R
D DBRPMBA~BATL T2z, VT4 2 IZIRED
20% 5 AL, 6 BHBNHEAFEATL T\ %05, IHK
T4 DT EAEIL LDL ICHAEL TE IR
() ~ATT LHIEBNLDEEZ TRWTHH
7.

7. BEHDOF /A FOOXISHENEIZL 3R
ELF /A FER

F10emiz & » 72/ % Rt U i i TR &
cofactors & LpH7. 70 %Rl (BUCH) W T in-
cubation 9 % in situ BERMIGE AT 72, EHIC
-7 8T > (0.4 gmol/40mé) % 723854, 60 min
T25.5 nmol 7°1 g D/MBICIRINE LT3, Zh
FEBIZIBHEICRBEEN: g-Ha T 0l
10 nmol/hr/ g &, ¥ilE % 72/ NMEERIRICH - 72 v
F /=R (325 nmol=13 nmol # v F )
EDBFHMEIZIZITHR L v, F 2, OBKER60 min #
TC, R -7 0T > DFNVED/NERED D E L

HDIIT1/2 %> Twb b, p-haTrrb
LIS VERANDIG & A e T v DIRILE A5E)
B 2R > T b 2 &2 RTHDTH Y (Fig. 14),
ZHOZERTXT/BIIBY T g-A v T 5,
15 CHRRERE A ZIT T 29TV F /—LE4E L
5l EBCTRL TW5,
LEERURBED -0 T 280KV VY
AT /A FIZDOWTREBRDOERYIT-72, N T
DI E GEE) IT4>, TorreI7xH o5,
EAZ7XHFr, aAXYF, gA0T D
WETH -7z, p-7 0T > DRNLEIFEM TR L 72
EEEWANTHL /20008 L TED, huT /A F
BEWEL THZ 2 ERPHESZIT 5, Zii=
7 ) AW in vivo DIRINZEENZ B W T LEE
LNTnBE® Lapl, LF/ —NDEREIT -7
DT RO EDHNT/3DLNLTHY), 2D
ERINE I B-H 0T 2 eI R IT R
FIFTTVF /=M 52 2 FRL T3, /Ny
DORGIEIRSr & BRI BT 5 L F / —LvE E RUGRE
MICBERY % &, BESIZIIMEL D v 5/ —nup
2Dt (Fig. 15), H LV F /2 — L O¥GED & Dk
R URATHHEA TV B ER2RTLNTH S, =
DEEVF =T PGB TSRS AT 5
A5, ZHUCOWTE 8EI Tk~ L, &HuaT /A F
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Fig. 14 Absorption of p-Carotene (A) and Retinol

Production (B) by Inverted Small Intestine of
Japanese Quail.

Incubation, at 37 *C. Incubation mixture, 40 ml,
contains; 10 M pB-carotene, 2 mM
nicotinamide, 5 mM GSH, 5 mM Na-cholate,
150 mM NaCl, 7 mM KC], in 10 mM Na-
phosphate buffer, pH 7.7.

O—0O, mucosa fraction; @—@, residue frac-
tion.

DBGHD & DA RITNG~ DRI R & A7 5
5 (Fig. 16), ffse&ra 7 /4 FoEBL s
PHME S NBIZRINE e T A4 F RO T
JAFED /204 EEDENNILE & B 1, NG
FOREIZBNEDHI20% T LILICBE W, 2
IMEIZRINE N e T 24 Fhaengnia s <
TR /2 S FAT L CICD RO IR 5 72
DTHDH, ZHITDOWTYL, RO THE~N5,
8. Sy bCHBIIBL-DnF ORI E KB
WILEloBw (a7 7 et ¥ 3 o Ant
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Retinol produced (nmol/g intestine)

i 1 |

Y 20 ‘40 60

Incubation time (min)

Retinol Production in Mucosa and Residue
fraction of Inverted Small Intestine of
Japanese Quail at Incubation with Spinach
Carotenoid.

Substrate carotenoids, 15.7 ¢ M lutein; 10.0 g M
B-carotene; 5.6 M violaxanthin; 4.9 M neox-
anthin; 2.8 M antheraxanthin.

O—0O, mucosa; @—@, residue.

Fig. 15
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W F 7 A B oo M B IR b 00 BOG o388 RIS
ELIZ LA ED D » Ty, ZZ2TlE, =7 1Y),
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Fig. 16 Spinach Carotenoids Taken up into Inverted
Small Intestine of Japanese Quail from Incuba-
tion Mixture.

Substrate carotenoid; O—0O, 15.7 4M lutein;
@ ©® 23 yM antheraxanthin, ®—® 10 , M
f[-carotene; @—@, 5.6 uM violaxanthin.

FE & NG BT A AR E)IC D W,
INRIZEBTF AT RN E L F ) — D
FEpHIZ7 . 7CTH Y, - aT v A X PR
MHENEFEL TH- 72, cofactor & L T=aF >
T I RECH XA F—LOHE T Fert & Djf
Wit g-Ha7 BlE L F /) — VRS L 7.
F2, “whuT o RINET R eL T kR
m ) B LI - RS T A%
WAL, Zruds a7 o h Rl NGz RN & 172
BERERILEZZITEELF /=), Tt
I AT IVE T - TR /N 12 28 72 U8 08 -
TN (G BRI T DT, FDEE
D ¥/ assay RICBIT SRS 97 > K UHRK
L/ =nnerit kb bnTh s, AL, I
EE B AT ORRMREABEL T3, T4b
H, & p-Ho T HNE (nmol) = U g-7 o T
)+ 1/2 (v F ) —LHKE), L F S — 0
ARE (nmol) = UNIB L F 2 —v) + (Ui L F
=) ThHDH, T R—F—EHnzEE O
PWAGIEMED I g-A v T~ DBtk (Fig. 17),
MUREREZAL (Fig. 18) #75§ 45, ZM 537 £ —
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Effect of Substrate B-Carotene Concentra-
tion on Total p-Carotene Absorption and
Total Retinol Production in Rat Inverted Intes-
tine.

Incubation time, 60 min. O—O, B-carotene
absorbed; @—@, retinol produced.
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0 30 60 90
Incubation time (min)
Time Course of Total g-Carotene Absorption
and Total Retinol Production in Rat Inverted
Intestine.
O, Total B-carotene absorbed at 70 uM sub-
strate g-carotene; @, total retinol produced at
70 uM substrate g-carotene; ©, total gB-
carotene absorbed at 15 uM substrate g-
carotene; @, total retinol produced at 15 uM
substrate B-carotene.
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F—hhuaT RN E VS = ERE RO T DI
HEETH LI L bd b, ZDOBITORRIL -7
9T > DNFRIE DT AH TR L F /= IL~D
TG B-Ha T REICHE CEAFT 52 & 2R
LTwa, Ff, RIGEHPDOTELRTHSE a—1
FEDBEL 7T IR E VT — L 28 L
Tz, g-Aa T BN 5L F /) — LT 2T I
E5H—EBN G Lineweaver-Burk 7w F #47
W, BB 2 g-A o 7> Dasa2ITO KmfE
13345 uM Th o7, %25 L THEABE»&I 2T
CIRNGKE, v F  — )V ERBGREE, RIS o T
DV F /= NADEHEE, R -4 v T RINERC
RATT58s g-A v T o REBETO uM 0k X (C
N # M, 70 nmol/h/ g /N5, 36.4 nmol/h/ g /N,
75.2%, 4.3% TH 712 (Table 9). ZhbDfER
&, a7 /4 VIEEREWTH LT v PGS
BATIRN -0 T DE HHECHICEHRBL72H
ELFF—ERTE S I CACEBRENLZ L%
HEH S g-A T o HREARDTRIEDEG N2 L &
IREEL T b,

9. Sy blckdkyLrvoaasF/A FORI

EFERER

Z v MaBIT S in vivo TOEIT /4 Fo
I & ERDBEE PRIz, RT7L Y TS
T/AFEFCEER (A) R pg-AuTrDh%
SR (B) 285 L0 2nar T RINEY
Table 1012759, &2 FRIGKIZER A 0 F /4 F
B L Eh PR R S IENRAE L &5 ED T
AvT /A FBICHNT 10005 TH 5, AfaEi s
DA, BT FEEAERNEN T D
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WAL, B-huT DA% T BEROSAICIZN
WHIIH0% 22 T b, ABRGIXICEBWTHERNIZ
EmDB- AT DEAFL TS, U, 7 b
WBWTH 7 X7 Lk g-7 v 7 > DRI X 4>
F7ANBUC L S THHEEZNATHWDE Z 2R T
LOTHY, X2 b7 4 WEHOEBIRNRIND T
FTOLHEETE 2, ZoBRICEKIZHHLRLTW
WTA e X2 b7 4 WEAIRDIZHD D5  5#
BlLTwrintEzZoNs, WAreT /4 FoD
R L~ DR A T R (3 525 H H TR E D
WBLUTTHY, &I TA idmaEmtsns
PFThHE, LTAEXY T 4 VDA
FATHII AN E FTH S, LF /— LD & ik

Table 8 Effects of substrate g-carotene concentra-
tion on total g-carotene absorption and total

retinol production in rat inverted small intes-

tine.
Substrate g-carotene
Item concentration (g M)
15 30 70
Total /J’-ca'rotene': absorbed 38 7 0.7 69 0
(nmol/g intestine-h)
Total retinol produced
(nmol/g intestine-h) 14.8 18.1 36.4
Ratio of retinol produced to _
B-carotene absorbed (%)* 15.0 26.9 .2
Absorption ratio of 10.8 5 7 43

B-carotene (%)**

Incubation time, 60 min.
* Ratios between initial velocities of curves in Fig. 7.
** (Total B-carotene absorbed/substrate A-carotene)X
100.

Table 10 Absorption of carotenoids by rats

(A-group)

Carotenoid Dose ug/rat Feces ug/rat Intestine ug/rat Absorption %
B-Carotene 68.4 31.9 39.1 0
Lutein 138.3 26.5 1.4 79.8
Antheraxanthin 43.3 1.4 24.0 41.3
Violaxathin 96.1 11.8 25.5 61.2
Neoxanthin 11.7 12.3 15.6 —
Total 357.8 83.9 105.6 47.0
(B-group)

B-Carotene 50.2 20.7 3.1 32.6
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BT LEBELRL 0T /A4 PRSP ETNLD
U F UK Z IR E % R T B,
nuaT /A PR L (ENEERO#S)
WhobSEorF /—)vzg R LT UA DM~
EDLLHTHD, #EREL by F - A
EFVF =LK T —RRIciEZ 5, AfE %
S HomM, ¥, b, WE~DHvTF /A4
FOXBRNDEMIT Table 11 & 9 THb. -Ha T
> ORI 3 S 7e v Ay (Table 10), % D 1EBED BN
DELNIHICHEDL LT A P IFRINE 721100 D 9
BP0, 89 HFAET 5 DA THADERL %
W, BEIEHRGXTY - e T rofFEEEIIAK
FIIEAYELTHY, 250z, MXIKICI4HE
BHMEE®ROTO 7T /A4 FESHENEDLDS
Wz kb, WoraT /A4 FEIEEHEIC
HEINTHDEEZ LN,

Dbtz eds, xkoveyohas /4 FD5
L, g-AuT Rk Y 0EIEET L2
Lidbhr sy, Lok bEEICBINEINTZLTA Y
Il ETIXH 74 VEIATHFAHETS 5.
v/ —niFETH ), KoL + /—
WIKHEEZR =IO L BT B T & F2RT DY
VF = VRIS REEN XY >+ 7 4 LZBES L T
WHWEEZLNTWEDT, ZnbhaT /4 F
DI I UHEFEIC DWW T E LI2H L2 L Tl
b b,

10. BEYEABECL-TR2HLELFSI 08

NFERVLEE & RE

Zoy MzBWw T a7 OIRNEEREWD, X4
R T7 4B E L, 20T v OIRIE
X7 4o THEINTWDE, $72, X
b T 4 WHIFREEYEANC & 5 TR T %
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T HERE > THOMT ALl T
(48, bz XidhENIIBIT b T
A PSR IEDYE DRI & B BRI H B2 &
FRLTWE, £2T, 3HEOHEHAITEE, 2
—I)VEEF b Y) 7o (CA), TAHX a—ILBE+ 1Y)
7 L (DCA), RO /7 A Xy a—v@gt M) 7L
(CDCA), D& KIBEHIZ LT 4 > %438 & 0 T
BT 707 /4 FoFUUL - 5EET L E L Th
e el MaEt L, B E  BE L .
RN 227 Fovig SDS X PC ) RY —LDEs &
E U2 %2R L7205 CD 27 2B WTd Ry
- Twiz, SDS X DTAB BHEYDOILT A »AD
Cotton #hR%/RT CD Z2-X7 )L & IEAD iR
BEREZRL TWanizxtl, WiINoRiTEE DS
Gz LIRS LN L - 72 (Fig. 19). SDS &
W LT BT EILTA > DCDARY F LRI E
D CMC £ Y 2L EeRETRETE), 1t
WENTA AR EDMHBEERIC L > TRRES
NEEZLNE, ZOBEHRIVED LN LW &
BHTEE D & b TRMZ/ERZ L T2 & %
RLTw3, ZOMHBZIEITHEEOBUKGEEAHSDS &
RBepZ kRT3, EITEEIR) E Fexs
VA CBRPBUKEE LT 520, HERKE 2R
JK T 2L EED Z & 55 T 59 CA XK
SHTNT A v DEEE % &M E T SRR T L
72k A, B80.2—0.8um, &E1.5—3.0mD%HEK
THN, FoOFEICHERE ZIZEROWE S
LTz (Fig. 20). ZoOfEWEIZ CA BERM
Lo TEHE»BELYA XL RELS DL, 2: CA
TS AKEE Z L NAEIF0.28—0.72um T CA B
FEIZHBIL TRkEL 572, ZokES LELL
FUE FeXxs aL 28 RHHE & 244005 T100—

Table 11 Net carotenoids transported or accumulated into blood, liver, intestine, and overy of
rats administered with leaf carotenoid for 25 days

Carotenoid Net Caro‘Fenoid Increage (ug/rat) Dosage Feces
Blood* Liver Intestine Ovary rg/rat/day rg/rat/day
B-Carotene 0.05 4.7 39.1 0.02 68.2 32.0
Lutein 0.89 trace 1.4 — 138.5 26.5
Antheraxanthin — — 24.0 — 43.1 0.47
Violaxanthin 0.23 — 25.5 — 95.9 3.9
Neoxanthin 0.34 1.5 15.5 0.01 11.7 4.0

* Total blood volume was calculated as 1/13 of body weight.
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Fig. 19 Absorption and CD Spectra of Lutein Disper-
sed in Deoxycholate Solution.
Lutein, 20 4M. Deoxycholate ; 1, 1 mM ; 2,
2mM; 3, 3mM ;4,4 mM ;5 5mM in 10 mM
Na-phosphate buffer, pH 7.0.

200fEl > CA oA ATICEA ZHERD 2+
NI EZ bbb, —F, SDSDEEICVT A1 >
SEREREIC I e VIR R BEN R o 72, 2
iz SDS DT A iz B¥EEE LAY CA D
1/100LL°F (Table 12) (2% » T3 2 S IZKIEL,
SDS iz CA L H~NTED TN I 2L
TWb 2 EPHRTEL, —RICOBE»ERT T
Th-7 0, SEEDEGE [0] 1S L B0
T, VT A reaiko (0] 13 REEER O9R D
REEE L T2 5 0HEME % F70.

Rz RS B B BRI ERE S SR AT
BN, GrEO R TR EE TROOEEZ R §
DCA, CDCA 12z ToH 2755 < TRigEic % -
THIH TR EGHIEN %7 CA D ODFEMHELS
FELT, MEHIZBWIALTA AT/
A FEIEE & ERFICOBEE TN B Z &0 h - 72
P, FDHEFERIIAHATH 5,

AaF /4 FOL{LRHAE 245

Fig. 20 Electron Micrographic Image of Lutein Aggre-
gate Dispersed by 5 mM Sodium Cholate in
10 mM Phosphate Buffer, pH 7.0.

Table 12 CMC of Surfactants and Their Binding Ratios

to Lutein

Surfactant CMC Binding Characteristics
urtactan (mM) molar ratio of CD spectra

SDS 0.5*! 10~30 inversion of
CD pattern

DTAB — 130~210 inversion of
CD pattern

DCA 2%z 80 no inversion

CA 40**  1,360~3,850 no inversion

*! in 20 mM phosphate buffer, pH 7.0.
*2 in 10 mM phosphate buffer, pH 7.0.
*3 in water.

1. S5 MMBkE s-haFr—15,15—>F F
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SNERIEIZ BT A - a T BRI OWT
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1 FIEEEEH TH ST v boRENBERHCT

BT BRI &R HRAR, Ky

TEILE AT MMEEZT TG LB S LT

CZ e 2ERMIRL 723, g-F v T Y IREDOH)

FERG & F 2 55 REAZICEIS 4 2 BCDO itk

% in vitro I BV TNz, Goodman HARL 72

W HSVCHE L TN R AL RS & AV T BCDO &

FAELZEZ S, VFF—, L F = VR

TEAERD LNl - 2. BETORE, B
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B2 DTT, 7y F4> 0 SH RE»=aF
BT R FEERTnZ A 2k TEREL T BCDO fEH:
PRERKS, T2, DAF S —EMEC K
IZBESREN B Fe " DIRIMPARN Th - 72, AL
F#pH7 .7, -7 v T Y %5 Km 136.82 M,
Vmax (31.85 nmol/h/mgTH Y, a-H a7 ik
ALTVF 2RI ET X F &
B EERTFATIIERL v,
12. 5 bINBRIBEL FF — NRTEEREMNES

Fy bANBL FF— B CEEFE (RRase) &
cofactor & L ULV 2 X 7V 4F F& SH
REILETH Y, Ei#ipHIZ6.3TT LT FH %
e IERF RAIC R ICT A Z BRI S T
3% ZorF (EC1, 1, 1, 71) (37N TR
AEnr7uv I AL»TH AT
WL FF— DL F ) — A DEICF L
T3, BCDO k[dffiz in vitro OEETZ O
FIZIEWITALETH Y, HIEEIGH % 4 CI B
BOET 5 L EEDWN% L Erkbin s, 7TaT T —
HEEFHFIO TLCK, TPCK Xixw 4 7% > Difs
MEEERZ <, GSH AL T7 a7 7T -+
L B SH Moo L ARE TR w6 L
v, L#aL, BCDO iGN EE LizAH TS » 72
NA F 7213 NADH #BE3FHBEEC 2 mM FRETR
T 22 X2k - TIHBIET 2300 560% 12 H) 2
5 Z EHiRR7-. cofactor & LT NADH * GSH
£ 2mMPVETH S, mofEpHiZ6.3TH Y, Km
83.3 M, Vmax 1313.3 nmol/h/mgT& - 7-. RRase
IR ITCEER L DT, BFEND Ser it His BHH
H* carrier & L T T 2 u]§EMEA4 %, phenyl-
methanesulfonylfluoride (PMSF) (d#G1Eic neie
¥, dimethylpyro carbonate (DEP) (335% & F &
B 72D T, His BREDEEA~DEGHRES Lz,
Ca?> Bt Mg 2 iEmizBS- L Tw 4, RRase RUF
BCDO DG DAL E E DI AR 5 L DA
W1 T 5 2%, A RERD B /NG IRHTIC 5v» T
BEERLFGVECDOL L LW,
13. ¥/3—LhA 5D A 05 > BURSS

HaT /A4 FOBAUIEIE R4 iz & g,
B IR, RIS BER R L TWwE &
EZ b, Lal, BERLLTERO,rLAHOT
YRSl L) ST, 2o ETE
R TEAL O BLEFE L T 5 Gl h SR AEY
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o DU EGIZ RS B,
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m) i, nfEIC L - TR % 555004 5700 ppm D
AuarTrEEt, Aur N b1/3 e vaT
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WGl 5 A w7 2RI 5 HEST T 74 4>
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Fig. 21 Diaion HP-20 Column Chromatography for

separation of Palm Carotene.

Column, 3 cmD X35 emL ; Initial solvent (A),
isopropanol 550 ml; second solvent (B), n-
hexane 250 ml. One fraction, 23 ml. Column
temperature, 50 °C. Flow rate, 1.75 ml/min.
CPO loading, 30 g. O, carotene; @, oil.
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