Biochemical Studies on Carotenoids

(I) Carotenoids in Green Leaves of Spinach and Carrot

Shigeaki Taxacr and Masahide SHIROISHI

The purification and identification of carotenoids in spinach leaves, carrot leaves
and roots were carried out by column chromatography on silica gel. Especially, the
three major carotenoids in spinach leaves which were more polar than chlorophyll
were identified as lutein, auroxanthin and crocetin against the lutein, violaxanthin
and neoxanthin which have been known as carotenoids in green leaves. Furthermore,
the latter two were foundto contain galactose as structural components. From these
results, it woud be decided that the major carotenoids in green leaves were B-caro-
tene, lutein, auroxanthin and crocetin. This conclusion will be important to discus-
sion for the physiological function and the roles of carotenoids, and therefore further
investigation will be necessary.

In comparison with carrot leaves and its roots, non polar hydrocarbon carotenoid
(B-carotene etc.) was much more exsistent in root than the polar, in which especially
the most polar carotenoid crocetin was negligible small, while, in leaves the polar
carotenoids occupied more than 60 %. From the fact that this tendency in leaves
was also recognized in spinach leaves, and therefore the polar carotenoid was much
more existent in green leaves which have photosynthetic function than root, it was
suggested that the polar carotenoids might be physiologically active.

Introduction

Chlorophyll, one of the representative pigments in green leaves, is related closely
to the photosynthesis, and its features in green leaves and the physiological roles has
been considerably resolved. On the other hand, carotenoid pigments, which widely
distributed in green leaves in the same manner with chlorophyll and might be con-
ceivable to play important roles, has been scarecely elucidated on its existence from
in nature. In plants carotenoids have been found as fatty acid esterV?, glycosides®*
and carotenoid chromoproteins™ as well as free form, while it has been known® that
all green leaves contained carotenes, lutein, violaxanthin and neoxanthin as the ge-
neral major carotenoids in a free form. Because in green leaves carotenoids were
found to be located specifically in the grana of the chloroplast under the electromic-
roscopic observation, and the chlorophylls were also located in the same sites, it has
been considered that the carotenoids might not be existent in a simple free form, but
rather complexed form in some interaction with other lipids, saccharides and proteins.

Up to date, various physiological roles have been suggested for carotenoids in pho-
tosynthesis, such that are energy transfer to chlorophyll® ™D, electron ltransfer'®,
oxygen evolution’®, and protection of chlorophyll against photoxidation™.

Carotenoids have been classified to carotenes and xanthophylls according to the
structure and the polality. In algae it has been found that more polar carotenoids
containing saccharides were existent®™®. The carotenoid carboxylic acid and its ester
have been also reported as the carotenoids containing saccharide by ZECHMEISTER et
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al (bixin, crocetin and crocin)*®'?. Crocin, bis-gentiobiosyl crocetin, was the major
pigment of safflan and this carotenoid was found to be present in this plant as the
glycoside picrocrocin'®.

It has been obvious that xanthophylls in green leaves were lutein, zeaxanthin,
cryptoxanthin, violaxanthin and neoxanthin'®, and it has been regarded that these
xanthophylls were not existent as the derivatives with other component, though some
of neoxanthin was not yet clarified for the structure.

Hitherto, the extractive and preparative method of these carotenoids were mainly
in accordance to AOAC methods, which was direct extraction from green leaves. By
this method, it was conceivable with probability that only carotenoid components were
seperated from the complexed carotenoids in vivo. Especially, in preparation of ca-

. rotenoid chromoprotein, it 'was ascertained by the fact that as increasing acetone
ratio to water, more carotenoid was extracted increasingly and the ratio of carotenoid
to protein decreased”.

This report describes the extraction of carotenoids by Folch method, subsequent to
purification by the relatively mild mehtod, to clarify the existent form of carotenoids
in green leaves and their physiological roles. From the results, the different caro-
tenoid pattern from the known one in green leaves was obtained and it was also
revealed that the carotenoids containing galactose were existent.

Experimental

1. Materials

Spinach and carrot were used for materials, which were cultured at the experi-
mental farm in Okayama University. Spinach leaves were washed with water, re-
moved water by allowing to stand at dark place for one night, and its roots were cut
off. Carrot leaves were treated as the same of spinach. Carrot root were washed
and wiped by filter paper.

2. Methods

(1) Visible and UV absorption spectrum estimation

Shimadzu Maltipurpose MPS—50 L autorecording spectrophotometric apparatus was

used for this purpose. Solvents used mainly were petroleum ether, or diethyl ether.
{2) IR absorption spectrum estimation

The estimation was carried out by general KBr tablet method with Hitachi EPI-G
3 spectrophotometric apparatus.

(3) Quantitative analyses of carotenoids

Sample carotenoid solution in petroleum ether was messed up to appropriate volume
and an aliquot was put into cell followed by spectrophotometric estimation with 450
nm wave length.

The standard curve, which was previously drawn in relation to S-carotene concentra
tion and its optical density at 450 nm, was used for this analyses of sample caro-
tenoids. Therefore, the carotenoid contents might be expressed as f-carotene.

(4) Qualitative analyses of carotenoids

(HCl—Ether Test)

Carotenoids was dissolved in 2 ml ether to adjust to O.D. 1.0 and then 1 ml of
conc. HCl was added. If both 5, 6 and 5, 8 epoxides were present, the color from
light green to dark blue was formed.

(HCl—Ether—MtOH Test)

19 ml of carotenoid solution dissolved in ether (10 ml) and methanol (9 ml) was
prepared. To aliquot of this solution, and 1 ml of water, and to another 1 ml of
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conc. HCl. The solution added with HCI will often become greener at once if an
epoxide is present. After 1 hr., acid treated diepoxide solution was generally gre-
enish blue, monoepoxide yellowish green.

- (Test for 5, 6 Epoxides)

Pipet out equal aliquots of the carotenoid solution (10 ml of O.D. 1.0 solution).
Evapolate in vacuo and dissolve the residues in 5 ml of ether and transfer to test
tubes of the same diameter. To one, add 5 ml of methanol and to another, 5 ml of
a 1 % solution of citric acid in methanol. Spectrophotometric curves were run after
1 hr over the range 340—750 nm. If a shift to short wave side is observed, 5, 6
epoxides is present.

(Test for allylic hydroxyl group®?)

A carotenoid was dissolved in 9 ml methanol and 1 ml of concentrated HCl. It was
allowed to stand for 10 min. An excess of 20 % KOH in methanol was added. It
was then diluted with distilled water, extracted with ether and evaporated under
reduced pressure. A bathochromic shift in spectral maxima denotes dehydration of

allylic hydroxyls.

Table 1. Preparation of total lipids

Fresh material 1 kg
14— 3 ¢ isopropanol
Homogenize (3 min with blender)

Centrifuge or Ffltration by suction

| |

Filtrate Residue
‘(—-3{ chloroform: isopro (2:1)
Homogenize (20 sec)

Centrifuge or Filtration

|
| |

Filtrate Residue

Chloroform: isopro extraction (1¢)

\
l

Filtrate Residue
T

|
Total Filtrate

Drying in vacuo 35°C
<~ 300 ml of solvent (C: MeOH, 2:1)
<60 ml of 0.7 % NaCl aq.
Shaking

Sta.ndingJ in dark

| \
Water layer Solvent layer

Drying in vacuo

]
Total lipids
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(DetectionZof ketonic carotenoids®?)

The carotenoid solution in 95 % ethanol was kept over night in the refrigerater
after several crystals of NaBH, were added. It was extracted with ether, washed
several times with distilled water and then evaporated under reduced pressure. Any
hypsochromic shift in absorption maxima is indicative of the presence of ketone groups.

(Detection of glycolipids and phospholipids)

Detection of glycolipids on TLC was carried out by using Bial reagent and dipheny-
lamine reagent as usual. Detection of phosphlipid was carried out by using Dittmer
reagent ant Hans-Isherwood reagent.

Results and Discussion

1. Extraction and preparation of total lipids

Total lipid of spinach and carrot leaves was prepared by the Folch method?” as
indicated in Table 1. In the treatment of carrot root the residue at the last extrac-
tion was homogenated in morter with sea sand untill the residue became colorless.

2. Solvent fractionation of total liplds with acetone, ether and pyridine

The total lipids were solvent fractionated with acetone, ether and pyridine by the
method shown in Table 2.

Table 2. Solvent fractionation of total lipids

Total lipids
<—Acetone 1 ¢
Stand for one night at 20°C

Centrifuge, 5000—70;00 rpm, 5 min, 5°C
| [

ppt sup
]<—~ small amount of ethyl ether ‘(— Small amount of benzene
Stand for 24 hrs., —20°C Acetone soluble lipid

Ce|ntrifuge, 7000 rpm, 0°C, 7 min

i |
§1E) . PPt

r T s . .
Distilled to concentrate in vacuo < Pyridine, added in warming
Stand for 24 hrs, —20°C

. Centrifuge, 7000 rpm, 0°C

|
PPt Sup
(Pyridine insoluble lipid) (Pyridine soluble lipid)

The lipid components in each fraction were detected by TLC on Kiesel Gel G. From
the result, it was found that most part of carotenoids were contained in acetone so-
luble lipid. Fig. 1 showed the detection of glycolipids and phospholipids in these frac-
tions. The spots corresponding to glycolipid were in agreement with the carotenoid
yellow spots, while no phospholipid was detected at the part of these yellow spots.
Therefore, it was conceivable that the carotenoids which were developed as spot S—1I
and S—1I in Fig. 1 might be the one containing saccharide as structural components.
The same detection was carried out on the carrot leaves and its roots (Fig. 1).
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From these results, it was found that some
carotenoids positive to glycolipid test were
existent in the more polar fraction than chil-
orophyll on TLC, but no carotenoid positive
to phospholipid test.

As indicated above, carotenoids in acetone
soluble fraction were consisted of four groups,
these being non polar carotenes, and other
three groups (I, I and II) which were more
polar than chlorophyll. The latter three gro-
ups were designated S—I, S—II and S—II for
spinach leaves and C—I, C—1 and C—1II for
carrot to discriminate material sources. Mo-
reover, the II and II groups were found to
have a saccharide as the structural compon-
ent.

3. Fractionation of each carotenoid with
column chromatography

A preliminary fractionation was carried out
by partition column chromatography on silica
gel (Wakogel C—200) saturated with petroleum
ether, because the acetone soluble lipid could
be seperated at least four components at the
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Fig. 1. TLC of acetone soluble fraction
of spinach leaves, carrot leaves
and root, followed by detection
of glycolypid.

S : spinach leaves; L : carrot leaves;

R : carrot root

Solvent : Be : EtAc : MtOH (6:3: 1)

Plate : kiesel gel G, 0.25 mm thick

“Y” indicate yellow spots, and black
spots is the positive to Bials reagent
(see experimental).

TLC on Kieselgel G. The petroleum ether or benzene solution of the acetone soluble
lipid was placed on the column and washed twice with small amounts of petroleum
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Fig. 2. Chromatography of spinach acefone Fig. 4. Chromatography of carrot leaves ace-

soluble lipids Wakogel C—200 column.
Arrows over the chromatogram indicate the
exchanged point of solvents.

tone soluble lipids on Wakogel C—200
column. ‘

Arrows over the chromatogram ' indicate the
Column, 25 X 20 cm. 1 fraction, 10g. Elution exchanged points of solvents. Column, 1.0 X

was carried out stepwisely. Solvents and frac- 15cm. 1 fraction, 10g. Elution was carried
tions, see Table 3. Total carotenoids in the out stepwisely. Solvents and fractions, see
sample, 150 mg. Recovery of carotenoid, more Table 4. Recovery, more than 95 %.

than 95 %.
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Table 3. Relation between solvents and fractions at chromatography
of spinach acetone soluble lipid
No. Solvent Eluting volume| Fraction No. Component of fraction®
1 Benzene 200 ml f—1 Carotenes
2 Be:E (8:2) 200 ml f—1 Carotenes
3. Be:E (7:3) 200 ml f—2 Chlorophyll mainly
4 Be:E (6:4) 300 ml f—3 Tailing component of f—2
5 Be:E (5:5) 200 ml f—4 ”
6 Be:EtAc (5:5) 400 ml f—5 Carotenoid S—1T
f—6 ” S—1I
7 Be:MeOH (8:2) 200 ml f—6 ” S—1
£—7 ” s—1It
8 MeOH 450 ml f—8 Lipid other than carotenoid

* Concluded by the results on TLC

Table 4. Relation between solvents and fractions in chromatography

of carrot leaves acetone soluble lipid

No. Solvent Eluting volume | Fraction No. Component of fraction®
1 Benzene 80 ml f—1 Carotenes
Be:E (8:2) 80 ml f—1 ”
f—2 Chlorophyll mainly
3 Be:E (7:3) 40 ml f—3 Xanthophylls
4 Be:Ace (8:2) 40 ml f—3 ”
f—4 Carotenoid L—1I, T
5 Be:Ace (7:3) 70 ml f—4 ”
6 #  (6:4) 50 ml f—5 Carotenoid L—1I
7 n  (4:6) 80 ml f—6 Lipid other than carotenoid
8 Be:MeOH (8:2) 70 ml f—7 7
9 MeOH 100 ml t—8 ”

*Concluded by the results on TLC

Table 5. Relation between solvenis and fractions in chromatography
of carrot root acetone soluble lipid

No. Solvent Eluting volume| Fraction No. Component of fraction™
1 | Benzene 100 ml f—1 Carotenes
2 Be:E (8:2) 65 ml f—1 ”
3 Be:E (7:3) 70 ml f—2 Chlorophyll
4 Be:Ace (8:2) 50 ml f—3 —
5 Be:Ace (7:3) 100 ml f—3 —. . ‘
6 Be:Ace (6:4 50 ml f—4 Carotenoid R—1I, 1
7 Be:Ace (4:6) 50 ml f—4 ”
8 MeOH 150 mi f—5 ” R—IT
f—6 Lipids other than carotenoid

*Concluded by the results on TLC
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ether (or mixture with benzene), followed by the first elution with benzene. The
typical chromatogram were given in Fig. 2, 4 and 5 and the relation between solvents
and eluting fractions were also given in Table 3, 4 and 5, and furthermore typical
TLC of each fraction in Fig. 3. It was found that the more polar carotenoids were
fairly purified with preliminary silica gel column chromatography.

RE YO

o
w

Effluent 013450

Fraction Number

Fig. 5. Chromatography of carrot root ace- Fig. 3. TLC of each eluting fraction of spi.

tone soluble lipids on Wakogel C—200 nach acetone soluble lipids on Kiesel gel
column. G using Be: EtAc: MeOH (6:3:1).
Arrows over the chromatogram indicate the Black spots, positive to Bial's reagents.
exchanged points of solvents. Column, 1.0 X “Y” indicate carotenoids spots. ~

15cm. 1 fraction, 7 g. Elution, stepWISer
Solvents and fractions, see Table 5.

4. Quantitative ratio of ecarotencids in spinach and earrot

After saponification of each fraction in Table 3, 4 and 5 at 20°C for 2 days, caro-
tenoid in each fraction was extracted with ether and its optical density estimated at
450 nm followed by converting its value of individual carotenoids to that of S-carotene.

The relative amounts of individual carotenoid are given in Table 6.

Table 6. Carotenoids contents in each fraction of column chromatography
of spinach and carrot lipids (%

Fraction Spinach leaves Carrot leaves Carrot root Carrot*
f—1 46.5 37.5 74.2 55.9
f—2 13.1 3.5 4.7 4.1
f—3 8.1 2.0 5.0
f—4 19.4 (S—1) 48.8 (L—1I,1ID 17.8 (R—1T1,1ID 33.3(I, I
f—5 6.7 (L—1ID 1.0 (R—1ID 3.9
f—6 7.2 (S—1I,1ID 1.2 0.3
f—7 11.9 (S—ID
f—8 1.9
Total 100 100 | 100

*Carotenoid contents in total carrot

From these results it was found that in spinach leaves f—1 was the most abundant
in carotenoid followed by f—4 (S—I), f—7 (S—II) and f—35 (S—I, II). ‘ However, in
carrot leaves f—1 was less than f—4 (L—I, II), while in carrot root f—1 came to
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74 % and f—5 (R—II) was very small. The average value (the fourth column in
Table 6) of each carotenoid in total carrot was similar to that in spinach leaves, and
especially a similar pattern might be indicated between the non porlar carotenoids
(f—1) and teh polar (I, I and II).

It was deduced from these results that the more polar carotenocids (I, II and II)
existent abundantly in green leaves would be physiologically active in photosynthesis,
while non polar carotenoids (f —1) which was major component in root carotenoids
would have the different roles, such as preserved compounds, precursor of other
carotenoids or photoprotective stabilizer.

5. Isolation and identification of spinach leaves carotenoids

(1) Rechromatography

Carotenoids S—I, 1l and I in spinach leaves which were prepared by column chro-
matography mentioned above were placed into rechromatography to isolate. The whole
sample were dissolved in benzene. Rechromatography was carried out on Wakogel
C—200 column with the following chromatographic conditions.

(Rechromatography of S—I)

Column; 2.5%X25 cm. Eluting solvents; 1) Be : Ether (8:2) 200 ml, 2) Be : Ether
(7:3) 300ml, 3) Be:Ether (6:4) 500 ml, 4) Be:Ether (5:5) 400 ml, 5) Be:
MeOH (8:2) 200 ml, 6) MeOH 200 ml. With batch system the colored bands were
fractionated to 8 fractions. The fractions eluted by No. 3 and 4 solvent gave a single
spot, negative to Bial reagent, slightly soluble in ether (20°C) and very soluble in
ethyl acetate. When these fractions were dissolved in ether in the water bath and
standed for at —20°C, the dark reddish crystal could be obtained. The visible spec-
trum of crystalized S—I was shown in Fig. 7.

(Rechromatography of S—II)
- It was found that S—II shown in Fig. 3 and Table 3 was the mixture with S—I
and gave spot positive to Bial reagent just under the S—I spot.

Column, 20X20 cm. Eluting solvents; 1) Be : Ether (8:2) 2000 ml, 2) Be : Ether

b

“
=
- w
—

—
=)

=3
o

Hfluent ODy50

0 20 40 60 80 100

\
Fraction Number ! . \:\. .

s
350 o400 450 500 550

Fig. 6. Rechromatography of spinach caro-
tenoid S—II[ on Wakogel C—200 column.

Wave Length in nm

Column, 2.0X30cm. 1 fraction, 10 g. Elu- Fig. 7. Visible absorption spectrum of
ting solvents, (1) Be : Ether (8:2) 200 ml, (2) spinach carotenoids, S— 1, S—1 and
Be : Ether (7:3) 500 ml, (3) Be: EtAc (5:5) S—Id issolved in ether.

1000 ml, (4) Be : BtAc : MeOH (5 : 5 : 1) 200 ml. —8—1I; —-S—T; —-S—1II.
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(7:3) 400ml, 3) Be:Ether (6:4) 200 ml, 4) Be:EtAc (5:5) 200ml, 5) Be:
MeOH (8:2) 100 ml, . 6) MeOH 200 ml. . Rechromatography was repeated twice for
reasons- of difficulty to fractionate S—II from S—I.

Finally, by batch system 5 fractions were obtained. It was found that the fraction
eluted by No. 3 or 4 solvent was isolated as S —I carotenoid and this carotenoid
discolored to blue by exposure to air after the development of TLC.

(Rechromatography of S—II)

S—II was found to have the strongest polarity in green leaves carotenoids, and
positive to Bial reagent. By rechromatography shown in Fig. 6, five fractions were
obtained. . Fractions eluted by No. 3 solvent might be indicated as isolated materials,
and these visible spectra were shown in Fig. 7.

(2) Identification of carotenoid components in spinach carotenoids S—I, S—II and

S—II

It was found from the results described above that spinach carotenoids might be
generally constituted from four groups, in which S—I and S—II contained sacchari-
des. From the difference of the visible spectrum in Fig. 7, it was obvious that these
two carotenoids had different carotenoid components. The visible absorption maxima
in each solvent were shown in Table 7 to compare with the reference. For detection
of carotenoid epoxides, HCl—Ether test, HCl—Ether—MeOH thst and citric acid test
were carried out (Table 8). In addition to these detection, test for allylic hydroxyl
groups and for ketonic groups were carried out, and no shift at Amax in S—I, S—1I and
S—II was observed, which no allylic hydroxyl and ketonic groups in these carotenoids.

Table 7. Visible absorption maxima of carotenoids (nm)

Carotenoid PE n—Hexane CS; Benzene EtOH Chloroform

S—1I 425, 445, 4731425, 445, 473|445, 475, 506| 436, 459, 488] 428, 447, 475|436, 455, 483
S—1II 380, 401, 426|380, 402, 427,405, 427, 454! 389, 411, 437381, 403, 427|388, 410, 436
S—IT | 398, 420, 447 400, 421, 446 425, 447, 476408, 431, 459 400, 423, 449 407, 430, 458

Lutein 420, 447, 477 — 445, 475, 508 — 420, 446, 476 428, 456, 458
Violaxanthin 443, 472 - 440, 470, 501|428, 453, 4831420, 441, 471|424, 451, 482
Auroxanthin| 382, 402, 427 — 423, 454 — 381, 402, 427|385, 413, 438
Neoxanthin | 415, 437, 466 — 463, 493 447, 477 417, 438, 467|421, 447, 477
Crocetin 400, 420, 445 — 426, 453, 482 — — 434, 463

| t

Table 8. Coloring test for epoxied carotenoids of S—I, T and I

Carotenoid HCi—Ether test HCl—Ether—MeOH test Citric test
S—1I — (Pale) — —
S—1I + (Blue) Yellow green, 10 min —

Blue, 60 min
Purple, 24 hrs
S—IT ~+ (Pale Blue) Green, 1 hr —
(Violet) Purple, 24 hrs

In green leaves occured generally four major carotenoids that were B-carotene, lutein,
violaxanthin and neoxanthin®. The latter three carotenoids might be correspond to
the carotenoids (S—I, 1l and 1) in this report which was more polar than chlorophyll
on TLC. It was confirmed from Table 7 and 8 that the carotenoid S—I was lutein.
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Up to date the reports on violaxanthin and neoxanthin®’72® have presented only the
visible absorption maxima as the most confidencely data. The comparison of visible
absorption maxima between these reference carotenoids (violaxanthin and neoxanthin)
and spinach carotenoids (S—II and S—II) was shown in Table 7.  From ‘these data,
spinach carotenoid S—1 did not correspond to violaxanthin reported by Goopwin®
but auroxanthin closely. This might be supported by the fact that carotenoid S—II
was positive to general epoxide test but negative to 5, 6 epoxide test-and S—I might,
therefore, have 5, 8 epoxide groups. Furthermore, ‘S—TI might correspond to crocetin
rather than neoxanthin from the data in which the visible absorption maxima (Table
7) and the fine structures of the visible spectrum were both in good agreement with
crocetin. However, from the fact that in'infra red spectrum of S-—II the ‘weak absorp-
tion at 1735 cm™* and 1160—1190 (absorption of c=0) was observed, and the greater
part of the carotenoid to ether layer after alcoholic KOH saponification of S—II, it
might be necessary to correct the aspect that crocetin so called was ‘the carotenoid
dicarboxylic acid with Cs. This conclusion on S—II was also supported by the fact
that S—TI was positive to epoxide test although crocetin had no epoxide group. -

From the results comparing with the experimental data and the reference, it might
be indicated that S—I was lutein, S—II auroxanthin and S—II crocetin. However,
as it appears to have a little relation between the polar carotenoid structures and the
behaviors in chromatography and: color test; it was conceivable that further investiga-
tions were necesary.

Table 9. Preparation of saccharides iu carotenoids S—T and S—J[

S—1 or S—1I, 5 ml ether soiution
—alcoholic 20 % H:SO4 4 ml
—dist water 1 ml
Hydrolysis (5 hrs)

—10 ml ether

—dist water 20 ml

!
Ether layer (carotencids) Water layer

small amount of ether
Washing twice
J

Aquous soln, ca. 50 ml

Concentration .in vacuo

Concentrate ca. 10 ml

E 0.04 N aq H.SOs 4 ml

Hydrolysis l}OO"C, 20 hrs

Reaction mixture

T
{

Desalting (Amberlite IR~401, OH-form column path)
Elution with dist water

Eluate

Concentration in vacuo

Saccharide so_lg
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Furthermore, in these results it deduced that the major xanthophylls in green leaves
of higher plants might be lutein, auroxanthin and crocetin instead of lutein, violaxan-
thin and neoxanthin described in reference'®,

{3) Identification of saccharide component

The identification of the saccharides which were contained in S—II and S—II caro-
tenoide was carried out. The preparative method of the saccharide was shown in
Table 9. In this preparation, it was the reasoning of twice acid hydrolyses that in
the first hydrolysis the color reaction and behavior on paper chromatography of the
products were different from those of general saccharides, and so the existence of
alkoxy delivatives might be suggested.

(Color reaction of saccharides)

Initially, the color reactions of carotenoid S—I and S—II were carried out for
detection of saccharides. In these results, it was found that both S—II and S—II
might contain aldohexose or aldopentose. Subsequently the color reaction of saccharide
solution prepared in Table 9 was carried out (Table 10). It was assumed that the

Table 10. Coloring test of saccharides S—1 and S—TI

Test \ S—T ] s—I | Gl ] Gal ‘Glu. acid| Rham \ Xyl
Anthron -+ + ! -+ + ‘ + + -+
a-raphthol + + + RS -+ + +
Cysteine-H,SO4 Yellow | Yellow | Yellow | Yellow Red Yellow Yellow
O'Zg;it?g ;iciir.:ihenyl Da;ll-z en Dagl;ien Green Da;;zen Red Greenv[Red brown| Red orange
Orcin-HC1 - - - - Green ? - Blue

saccharide might correspond to galactose 1.0
or glucose from these results. RE
(Paper chromatography and gas chro-
matography) o
Owing to decide whether the saccha- 05
ride in S—II and S—1I carotenoids might Q
be galactose or glucose, the analysis by O o o o o)
paper chromatography was carried out.
In Fig. 8 it wes confirmed that these

saccharides might be galactose.
Furthermore, the identification by gas
chromatography was carried out. This
method is the qualitative analysis to de-
tef:t the patjcern on the chromatogra'm of AcOH (12:6:4:1). Detection; Aniline—
trimethyl sﬂy%ated (TMS) saccharides. Phthalate reagent spray followed by 110°C,
TMS—saccharides were prepared accord- * 10 min heating.
ing to the method of SWEELEY et al®”.
One to ten mg of sugar were weighed and dissolved in 0.5 ml of pyridine. To
these solution 0.1 ml of hexamethylene disilazane and 0. 05 ml of trimethyl chlorosilane
were added. After shaking vigorously, these mixture were stand for 10 min, followed
by gas chromatographic analyses. Sample saccharides (S—I and S—II §accharides)
were evaporated to dryness under reduced pressure at 70°C, and 0.1 ml of pyridine
were added, followed by of trimethyl silylation. The results was shown in Fig. 9

Rha Glu S-I1I  S~IIl  Gal Fru  Man

Fig. 8. Paper chromatogram of saccharides
on Toyo No. 51 A.
Solvent; iso-Buthanol : Pyridine : Water :
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Table 11. Retention time TMS saccharides
. Saccharide Retention time in min
£ Glu 8.6, 14.6
= Gal 7.7, 8.3, 11.1
Man 5.7, 10.4
Fru 8.6, 11.2
L \ . - Rham 2.4, 3.3
° oo 15 S—1 sacch 7.6, 8.2, 11.1
Retention time in min S_‘]]I SaCCh 7. 7’ 8 2, 11 1

Fig. 9.Gas-chromatography of TMS S—1II
and S—IT saccharides.

Analytical conditions : Apparatus; Shima-
dzu 3 AF Type. Column; Stainless steel 3
mm X 3m, dual column. Packing; EGS 15%.
Support; Neopak 1 A 60—80 mesh. - Carrier
gas; N, inlet pressure of 1.7 kg/cm?
Detector; FID. Temperature of column bath
detector bath and injection port; 160°C.

and Table 11.

The retention time of these peaaks of S—II and S—II on chromatogram correspond
to that of galactose. Therefore, both saccharides of S—II and S—II were identified
with galactose. .

(4) The structure of carotenoid galactose compound

It was confirmed that carotencid component of S—II might be auroxanthin and
that of S—II crocetin, while the saccharide component was both galactose. Therefore,
the following 4 structural formula might be considered (Fig. 10 and 11). )

Ho
o@
Ha0H 0 0 CH o‘L
H 0 0 2
@
OH

3, 3'—digalactosyl auroxanthin

A&Nﬁfin
0
: 1,0H 0
H G
H 0
OH

3 (Or 3")—galactosy! auroxanthin

Fig. 10. Spinach S—1 garotenoid--galactese compound.
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0 HO -
o W\/\/\/\/\/ °@
HQ - "
@_O 3 . o—"OH
s}
OH

HGHD

Digalactosyl crocetin

CHo0H Q
0

Monogalactosyl crocetin

Fig. 11. Spinach S—II carotenocid—galactose compound.

As the molar ratio between carotenoid and galactose was not found, the accurate
structure of S—I and S—1I were not identified at present. As found in these stru-
cture, the polality of the carotenoids were higher than that of general carotenoid.
However, it seemed that the behaviors on the chromatography does not correspond
to the higher polality. Therefore, it was conceivable that the alcoholic hydroxyl of
galactose were alkoxylated (methylated or ethylated), and this has been remained as
future problem.
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AaF )4 FOENAEHHRE

(B18) Sy VVELASEREDIvTF /7 4 Flg2o0T
BEAXIFH- A EF X

Fy L VERE, ASERCAZRENDS Folch B X -TheF/ 4 FAEEL, BE%E
Tt BHATEFRYVETOARTF /4 FRODNTR I o 74 VXD HSBBHEORKEN
3D (S—1I, S—I, S—II) A#uF/ 4 FZEEL, yuF/ 4 FBEOOREETIE»
7o%EE, S—11% Lutein, S—I X Auroxaanthin, S—TI i& Crocetin TH-72. S—1I
ES—HREEBETHY, ZOBREEZOROBRT I 7 +—XTH B EBERINL.

BESE, MEROFEALI B F/ 4 F& LT B-Carotene, Lutein, Violaxanthin, Neoxanthin
MBETOENTNBEH, KBEDOKEMSIZ B-Carotene, Lutein, Auroxanthin, Crocetin 28
HODER->THED, CORRRBEOEELInT/ 4 FOEBRBEELREEZRL2EBEEETS
BHEWLADT, ILICHREZEDTTEZL.

NBELBEOARF /A FalbRT 5 L, RIWKEZRDEBE A0 F/ 4 FESRICERR
£, BEOAEVZNEH0BICEEEL. & ICS—I (Crocetin) ICH%T 34 DD
SGEEANEV. Vo ZSETEMESDRL, BEATF/ 4 FIZMO0BICET 5. O
KB 2hnF/ 4 FEEREOERAR A VYEECONTHED LN, BEIn 4 FHE
XD HRARBELETIRBELSVEER, chohoF/ 4 FOEEBREDRET 250
Thb,
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