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INTRODUCTION

Carotenoproteins are believed to be lipo{glyco)
proteins” in which carotenoids are bound stoichi-
metrically to simple proteins, glycoproteins and/or

lipoproteins. However, in spite of the large number
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of studies on the lipid compositions, the nature of
the binding and its functions within tissues are un-
known. In a Salmo salar eggs, biochemical characte-
ristics of both enzymes and chromoproteins have
been studied by us*” for a long time. Our intentions

are related to the facts how water-soluble protein
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complexes are associated with the components of
carotenoid-transfering low and/or high density li-
poproteins, and stabilize the hydrophobic structures
during the embryos in the fish-eggs. Therefore, ca-
rotenoprotein was highly purified from the Salmo
salar eggs, and then its lipids, fatty acids, sterols,
carbohydrate and amono acids of carotenoprotein
were seriously analysed. On the basis of the analy-
tical results the nature of bindings in the caroteno-

protein was discussed in this paper.

MATERIALS AND METHODS

Extraction and purification

Carotenoprotein was purified from the Salmo sa-
lar eggs as previously described” It was homoge-
nated with physiological salt solution. To the homo-
genate, 5% TCA was added to remove a trace of
acid soluble and metabolitic intermediates, and
then centrifuged at 600 x g for 10 min. The residue
was freeze dehydrated, lipids were extracted three
times with binary solvent chloroform/methanol (2/
1) for 48 hrs on a shaker. All extracts were pooled
and concentrated to dryness under N; gas, below
20TC.

Nonlipid contaminants were freed by Sephadex
G-25 column according to the method of Rouser
et al” A silicic acid column was also used for sepa-
ration of the lipids into neutral, glycolipid and pho-
spholipid fractions. The lipids eluted from Sepha-
dex G-25 with water-saturated chloroform/metha-
nol(19/1) were then subjected on the silicic acid
column (Bio-gel 325 mesh, 0.5x10cm), without addi-
tional treatment, equilibrated with chloroform. Fra-
ctionatton was started with chloroform to separate

neutral lipids at a flow rate of 1 ml/min, then conti-

 choline containing phospholipids,
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nued with acetone for elution of glycolipids, and

finally phospholipids were eluted with methanol.

Lipid assay

For preliminary lipid analysis, TLC method were
performed. The fractionated lipids from silicic acid
column were concentrated to dryness, thereafter
0.5u¢ samples were applied to a origin of the activa-
ted TLC plate had coated with silicagel G.

The plates were developed with chloroform/me-
thanol/water (65 : 25 : 4)* system for separation
of the polar lipids, and petroleum ether/diethyle-
ther/acetic acid (80 : 20 : 1® for neutral lipids, re-
spectively. The spots were visualized with iodine
vapor and/or 40% sulfuric acid char spray and hea-
ting. The chromogenic reagents used for functional
groups of lipids were : Lieberman-Burchard’s rea-
gent to identify neutral lipid, Molisch and anthrone
reagents to glycolipid, Dragendorff's reagent to
ninhydrin to
amino group containing phospholipid, and molyb-
denum reagents to detect general phospholipids,
respectively. HPLC and uv-spectroscopic method
were performed for separation and assay of the
individual lipid contents. The total lipid contents
were determinated by the method of Joo et al®
using phosphovanillin reagent(Vaniltin, 0.69;etha-
nol, 10m¢;H, O, 100d¢;H, PO, , 400mf) at 525 nm
after treatment with conc sulfuric acid, and heating
in a water bath for 10 min. Glycolipids were assayed
with anthrone. Phosphorus and phospholipids were
estimated by the modified metnod of Fiske et al”,
aftér digestion with 50% perchloric acid and heating
in a water bath for 10 min to hydrolyse phosphate.
Neutral lipids were determined by the method of

Briggs et al”.

Cabohydrate assay
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Glycolipid sample was hydrolysed in sealed am-
poule at 100C for 4 hr with IN—HCL The ampule
contents were filtered and passed through a Dowex
cation exchange resin column, then washed with
water. The filtrates were pooled, the sugars were
then determined by HPLC.

Free fatty acids

The fractionated neutral, glyco-and phospholipids
were concentrated, then hydrolysated with 2N alco-
holic NaOH for 24hr at room temperature in the
dark. The residue was filtered off, unsaponificable
components were extracted with diethylether to
assay of sterols, and subsquently made alkali free
by washing with distilled water. The alkline solu-
tion layer was acidified with 2N—HCI, extracted
with diethylether, dehydrated with sodium sulfate,
and then concentrated with N, The free fatty acids
were methylated, ana assayed with the gas chroma-

tograph with the general operating parameters.

Sterol analysis

Sterols were purified and cochromatographed
with a standard cholesterol solvent. The sterol band
(R =0.3) separated on TLC was scraped off. The
total sterols were assayed with Liebermann-Bur-
chard’s reaction. The individual sterols were analy-
sed by GC on the 10% OV-275 column.

RESULTS AND DISCUSSION

Purification and lipid assay .
Lipid extracts were purified through a Sephadex
G-25 column with water-saturated chloroform/me-
thanol(19/1). After removal of the solvents, the to-
tal lipid contents by spectroscopic assay were found

to be 21.5% on dry-weight basis. Elution of the
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lipids of a silicic acid column was started with pure
chloroform, then with acetone and methanol respe-
ctively. Neutral lipid contents were 39.8%, then
phospholipids were 57.3%, which were very rich.
The analytical results were summarized in Table
1. Glycolipid contents were relatively low(2.9%),

cerebride was also detected as minor.

Table 1. Analytical Results of the Carote-
noprotein

In  carotenoprotein

total lipid 215 %
In  extracted lipid
netral lipid 39.8 %
glycolipid 29 %
phospholipid 573 %
phosphorus 2.72%
total cholesterol 236 %
cerebroside 0.37%

With results of TLC and HPLC analysis, the ca-
rotenoprotein from Salmo salar eggs contained high
cholesterol esters as major constituents. Total cho-
lesterol contents by Liebermann-Burchard’s reac-
tion were 23.6%. The spots corresopnding in posi-
tion to phospotidyl choline, lysophosphotidyl cho-
line, and phosphotidyl ethanolamine were identified
on thin-layer chromatography of the phospholipids.

All the lipids stained with iodine vapor, indicating
unsaturated fatty acids. HPLC chromatograms of
the fractioned lipids were given in Fig. 1 and Table
2. The neutral lipid contained high contents of cho-
lesteryl oleate, in contrast to low tripalmitate. In
the glycolipids the high steryl glyconside contents
and relatively low cerebroside were confirmed in
the TLC and HPLC, respectively.
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tripalmitate
cholesteryl oleate

steryl
glycoside

htS cerebroside

f éphosphotidyl choline

i j . ceramide
i lysophosphotidy! choline

phosphotidyl ethanglamine

Fig. 1. HPLC Chromatograms of the lipids

——;neutral lipid
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Phosphotidy! choline and lysophosphotidyl cho-
line apperated to be the most abundant phospholi-
pids in the carotenoprotein. They were thought to
intract with cholesteryl moiety of cholesterol esters
like LDL and/or HDL does. The glycolipid contai-
ned small amount of carbohydrate, a galactose was
the only sugar component idetified with HPLC (Fig.

2), which was very simple in composition.

Galactose
¥ ¥ 1
INJ 5 10
(min)

Fig. 2. HPLC chromatogram of the sugar in

glycolipids
~——;glycolipid yeolp
------ ;phospholipid
Table 2. Composition of the Lipids
Neutral lipids Glycolipids Phospholipids

tripalmitate(18.7%)
cholesteryl oleate(81.
3%)

esterified steryl glycoside(99.6%)
cerebroside(0.37%)

phosphotidyl choline(42.5%)
ceramide (8.7%)

lysophosphotidyl choline(28.1%)
phosphotidy! ethanolamine(20.7%)

-Bondapak Cs
RI detector
CH3;CN-Acetone(42/
58

-Bondapak Cis
uv 200 nm
CH,CN-iprOH(1/1)

ultrasil-NH,
uv 206 nm
Hexane-iprOH(5.5/8)
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Fatty acids and sterols

The percentage composition of fatty acids on GC
analysis were recorded in Fig. 3 and Table 3. The
main fatty acids were oleate and palmitate. It was
very similar to that of the pelyads lipids, fresh wa-
ter-fish. The neutral and glycolipid were higher
in oleate than in the other component, while linole-
nate and behenate were never contained. Saturated
and unsaturated fatty acids were indiscriminately
distributed in the phospholipids. Of them, the satu-
rated fatty acids (Cis:o, Cis 9, Crs:0 and Cu:o) were
particularly rich. The amino acids in the carotenop-
rotein were determined by HPLC. Hydrophobic
groups were 41%, apolar residues, 24% and polarity

index, 40.4%, respectively. This facts would be that
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Fig. 3. Gas chromatogram of total lipid in
carotenoprotein
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Table 3. Fatty acid Composition of Lipids

Fatty Total Neutral Glycolipids Phospholipids

acids lipid lipids

Cio 598 112 0.93 18.39
Cwo 3610 1362 1191 21.35
Ciso 1303  7.03 7.02 20.21
Cis1 3885 5956 55.92 7.98
Cisz 333 1735 21.39 1.80
Cuiss 077 - - 12.27
Cxo 163 131 2.81 7.01
Czo 031 - - 11.08

the hydrophobic groups of the phospholipids may
intract with flexible branched-amino acids residues
near the carotenoprotein surfaces, and/or may faci-
liate anchoring between the hydrophobic groups
and the neighboring hydrogen bond angles. Thus,
the main fatty acid chains of phospholipids were

thought to associate hydrophobically with caroteno-
proteins in contrast to the HDL-protein structures

had no intrinsic affinity for chelesterol esters, as
it well known. However, their geometric trans-iso-
mers were never detected in any of the unsaturated
fatty acids. The sterol portions, after liberation by
alkaline hydrolysis, were chromatographed on TLC,
then analysed by GC as its TMS derivative. There
were Cy-sterol, C»-dehydrocholesterol, cholesterol,
brassica sterol (and desmosterol), A*-sterol, and
Ca-methylene cholesterol. Comparing the sterol co-
ntents, cholesterol was also present in particularly
high amounts as shown in Fig. 4 and Table 4. Expe-
rimental results were close to that of cholesterols
in pacific coast oysters studied by Cordon et af”.

IIO)

Djerassi er al'” reported the isolation and structure

elucidation of seventy-four sterols from the sponge.
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Tabie 4. Percentage of Major Sterols in Carotenoprotein
Common-trivial Systematic Empirical Sterol % )
name nomenclature formula Neutral Lipid Glycolipid Phospholipid
Cx-sterol 22-trans-24-norcholesta- CaxHi:0 17.27 18.03 4.76
5, 22-dien-3p-ol
Cp-dehydrocholesterol  22-trans-cholesta- CxH.O 16.42 10.24 816
5, 22-diene-3B-ol
Cholesterol cholesta-5-en-33-ol CxHiO 39.14 52.15 4.90
Brassica sterol 24-methylcholesta- CausHisO 10.80 17.32 1.49
(and Desmosterol) 5, 22-diene-38-ol
Asi-sterol Cholesta-5,7-diene-3Bol CsH., O 6.81 0.61 1.33
Cumethylenecholesterol 24-methylcholesta-5en-3p-ol CorHyO 393 0.55 0.72
Other 5.59 1.07 78.64
yos in the fish-eggs. So sterols’ biosynthesis and
' 3 3 their functions in the carotenoprotein will be discu-
' H R E ssed in future.
; g f i ;;‘} £z ABSTRACT
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Fig. 4. GC chromatogram of the sterols.

Because of A™- sterol in bivalves or sponges,
they were evaluated as the most diverse source
of provitamin D sterols. However, apparently their
sterol levels in marine products are thought to cha-
nge with season, degree of starvation, and tissues.
Though many other sterols were well known, there
are no experimental studies on the functions acting
as bigenergetic mass transfer in membranes, as
some type of lipid solubilizing, and a role as biosyn-

thetic intermediates for other sterols during embr-

change chromatography and gel filtration from
Salmo salar eggs. Its lipids were extracted with
CHCl;MeOH(2/1), nonlipid contaminants were
freed by Sephadex G-25, then a silicic acid column
was used for separation of the lipids into neutral,
glycolipid and phospholipid fractions. With the re-
sults of TLC and HPLC analysis, they are found
to contain tripalmitate and cholesteryl oleate in the
neutral lipid, esterified steryl glycoside and low
cerebroside in glcolipid, and the phospholipid con-
tained p.c, ce, Ip.c and p.e, respectively.

A galactose was the only bound sugar component.

Palmitate and oleate were particulary rich in total
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lipids, six mjor sterols were analysed, and amino
acids in the carotenoprotein also were determined.
On the basis of analytical results the natures of

carotenoprotein were discussed.
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