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INTRODUCTION

Phospholipids are generally one of the major components of the cell membranes
in cells and differ from one another in molecular structure among different animals
(Marar and Kuksis, 1973; MonTFoORT, VAN GOLDE and VAN DEeEneN, 1971),
organs (Kuksis, MaArA1, BRECKENRIDGE, CORNALL and STACHNYK, 1968), subcel-
lular particles (O’Brien and GEeison, 1971), nutritional states (VAN GoLDE, ToMAsI
and Van DEeenEN, 1967), developmental stages (ABap, Boscu, Municio and
RiBERA, 1976) and diseases (BERGELsON and DYATLOVITSKAYA, 1973; RUGGIERI
and DYATLOVITSKAYA, 1973; WALLACE, 1963). Nisuinara and Kiro (1978) have
examined the changes in the molecular species of phospholipids contained in
the membranes of dedifferentiating cells of soybean hypocotyl and cotyledone.
Other workers have reported on the changes in the fatty acid composition of
phosphatidyl choline contained in the brains of rats during the late stage of
differentiation (ArrLing and KarissoN, 1973; MARrsuALL, FumacarLLi, NIEMIRE
and PaoLeTTI, 1966; SkrBic and Cumings, 1970) and in the liver of developing
rats (OciNOo, MATSUMURA, SaToUCHI and Sarro, 1980). However, there has
been no report on changes during early developmental stages in the frog.

The present author attempted to clarify the relationship between the changes
in phospholipids and morphogenesis during development. For this purpose,
the positional distribution of the constituent fatty acids in phosphatidyl choline
molecules was examined by using samples at various stages from the unfertilized
egg to the tadpole in Rana nigromaculata and Bufo japonicus (KAWAMURA, NISHIOKA
and UEepa, 1980). The same analysis was made in the liver and brain of some
adult frogs in order to compare the results with those obtained from the developing
samples.
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MATERIALS

Rana nigromaculata were collected during the breeding season from the suburbs
of Shizuoka City, Shizuoka Prefecture. Eggs were artificially inseminated after
ovulation had been accelerated by pituitary injection. For the analysis, samples
at the following seven developmental stages were prepared: SHUMWAY stages |
(unfertilized egg), 3 (two-cell), 9 (late blastula), 17 (early tail-bud), 20 (hatching)
and 25 (operculum complete), and TavLor-KorLLros (TK) stage IV (small limb-
bud).

Bufo japonicus were collected during the breeding season from the suburbs of
Sagamihara City, Kanagawa Prefecture. Fertilized eggs were obtained after
natural oviposition by amplexus. Samples at the following three stages were
prepared: SHUMWAY stages 3, 10~11 (dorsal lip to mid-gastrula) and 25.
They were immediately analyzed or stored at —20°C.

The liver of adult Rana nigromaculata and Bufo japonicus and the brain of adult
Rana catesbeiana collected from the suburbs of Ryugasaki City, Ibaragi Prefecture
in spring were analyzed. After the animals were pithed, these organs were
removed from the body, washed in saline, and analyzed immediately or stored

at —20°C.

METHODS

1. Lipid extraction

The lipids were extracted by the method reported previously (FoLcH, LEEs
and SLOANE-STANLEY, 1957; Ryuzaki, KojiMa and Tamar, 1975). Phospholipids
were separated by one-dimensional thin-layer chromatography (TLC) on a
thin-layer plate of sodium carbonate-impregnated silica gel HR (MERck,
Darmstadt, W. Germany) and developed with chloroform-methanol-acetic acid-
water (25: 15:4:2 by volume) (Skipski, PETERsoN and Barcray, 1964).
The segment of the silica gel layer containing phosphatidyl choline (PC) was
scraped off from the plate. PC was immediately extracted with chloroform-
methanol (2: 1 by volume) and then washed with a small volume of distilled water.
The amount of PC was measured on the basis of phosphorus content (BARTLETT,
1959) after digestion with 709, perchloric acid. Infrared spectra of PC were
taken in a liquid film.

Phospholipase A, (from bee venom, SigmMa Chemical Co., St. Louis, Mo.)
was used to remove the fatty acid residues from PC (HARVERKATE and Van
DEeENEN, 1965). About 0.3 mg of purified PC was dissolved in 2 m/ of diethyl
ether, and hydrolyzed by 0.1 mg of phospholipase A, in 0.5 m/ of 0.1 M borate
buffer (pH 7.0) containing 2.5 mM CaCl/,. The whole reaction mixture was
vigorously sonicated for 2 hours at 37°C. A small amount of an aliquot was
placed on a silica gel HR plate to confirm the completeness of degradation,
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2. Fatty acid extraction

Fatty acids from the 2-position of the PC and lysophosphoglycerides were
extracted with chloroform-methanol (2:1 by volume) and separated by TLC
on silica gel HR plates, using a solvent system containing chloroform-methanol-
acetic acid-water (160: 50: 2: 6 by volume). The isolated fatty acids and
lysophosphoglycerides were methanolyzed in absolute methanol containing 3%,
hydrogen chloride at 100°C for three hours.

The fatty acid methyl esters were analyzed at 185°C by SuimMapzu GC-5A
unit equipped with a 3.0 mx3 mm glass column packed with 25%, EGS on
Celite 545 HMDS. They were also analyzed on a gas liquid chromatography-
mass spectrometer, SHIMADZU-LKB GCMS-9000 (Kyoto). A 2.0m X 3 mm
glass column packed with 29, DEGS on Chromosorb W (60~ 80 mesh) was used
with helium as a carrier gas (flow rate, 20 m//min). The temperature of the
helium separator and the ion source was 250°C and 270°C, respectively. The
ionization energy was set at 70 eV.

OBSERVATION

I.  Changes in PC content and positional distribution of fatty acids
in PC at different developmental stages in Rana nigromaculata

Except for some minor variations, the PC content in total phospholipids
remained unchanged throughout the first 300 hours after fertilization (Fig. 1),
being about 109%,.

At all stages from SHUuMwAY stage 1 to TavyLor-KoLLRros stage IV, the main
constituent fatty acid at the 1-position of PC was palmitic acid C,q., (Fig. 2).

%
20}
/i
10'*{/{ \§ 3
T T e m [ m 7300

HOURS AFTER FERTILIZATION

R ss §s20 $525
§53
Fig. 1. Quantitative changes of phosphatidyl choline in total lipids
during development in Rana nigromaculata. The content of phosphatidyl
choline in total lipids is shown by percentage.
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Fig. 2. Changes in positional distribution of fatty acids in phosphatidyl choline
during development in Rana nigromaculata.

Cis:05 Cis:15 Cis:0, Cis:1, kinds of fatty acids.

While fatty acid C,q., represented 75~799%, of the total fatty acid content in
unfertilized and fertilized eggs, it was 89 ~949, in embryonic and tadpole stages.
In contrast to embryos and tadpoles, the eggs contained a relatively large amount
of stearic acid C,;., and oleic acid C,4.; at the 1-position of PC, although the
gross pattern of the constituent fatty acids did not change throughout the stages
examined. The fatty acids at the 2-position of PC remarkably differed from those
at the 1-position in that there was a drastic change in the main kind of fatty acid
between SHuMwAY stages 20 and 25 (Fig. 2). While the main constituent fatty
acid at the 2-position of PC contained during the period between SHUMWAY stage
1 and 20 was C,.,, that contained at SHUMWAY stage 25 and TavLor-KoLLros
stage IV was C.,.

II.  Positional distribution of fatty acids in PC at different developmental
stages of Bufo japonicus
At the l-position of PC, the main constituent fatty acids were C,4., and Cy,. 4,
although the former was remarkably larger in content than the latter (Fig. 3).
The gross pattern showed no remarkable variations among SHUMWAY stages 3,
10~11 and 25 (Fig. 3). In contrast with the fatty acids at the l-position, those
at the 2-position were not constant in content, although fatty acids C,4, and

T TR T T e
-

TR

-

i -

e —
B

=y

e



Studies on Lipids in Anurans. 11 189

1- POSITION 2 - POSITION
§S 3
Cig :
14 :
16 ¢
16 ¢
18 :
18

-0 -0 -=0

_ H—UHUU uuu_uuu UHH_H __ UUH__

20 :

SS10-11
Cia :

16
16 @
18 :
18
18 :
20 :
22
20 :
20 :

PO - —O0—-0O0—-0O

SS 25
C12 :

14 :
14 :
16 :
16 :

18 :
18 :

22 :
20 :
20 :

) mnl—lﬂﬂ oo H_HHH He Hﬂﬂ =0

—
(-]
3

OO N——~0-—-0—-00C

80% 40 20

0 20 a0 0%

Qb

Fig. 3. Changes in positional distribution of fatty acids in phosphatidyl choline
during development in Bufo japonicus.

Ci2:05 Cis:0, Cia:15 Cis:05 Cie:15 Cisios Cisi1, Cigizs Cag:1y Cazioy Coo:as Cso:5, kinds of
fatty acids.
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Fig. 4. Positional distribution of fatty acids in phosphatidyl choline from the liver of

adult Rana nigromaculata.
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C,4:1 were the main constituents. While fatty acid C,4., was larger in amount
than fatty acid C,,, at SHUMwWAY stages 3 and 10~ 11, the latter was larger
in amount than the former at SHUMWAY stage 25.

III.  Positional distribution of fatty acids in PC from the liver
and brain of frogs or toads

In the liver of Rana nigromaculata, the most abundant fatty acids at the 1- and
2-position was Cig.y, followed by C,g., (Fig. 4). In the liver of Bufo japonicus,
the positional distribution of fatty acids of PC was similar to that in the liver
of Rana nigromaculata (Fig. 5). A similiar pattern of fatty acid constituents was
also found in PC extracted from the brain of Rana catesbeiana, although there was
a third abundant fatty acid which was C,;., at the 1- and 2-position (Fig. 6).
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Fig. 5. Positional distribution of fatty acids in phosphatidyl choline from the liver of adult
Bufo japonicus.
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Fig. 6. Positional distribution of fatty acids in phosphatidyl choline from the brain
of adult Rana catesbeiana.

Cis:05 Cis:15 Cis:05 Cis:15 Cusios Cisi1, Cao:1, Cao:ss, kinds of fatty acids.

DISCUSSION
Phosphatidyl choline is the most abundant phospholipid together with phos-
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phatidyl ethanolamine in higher animals, and generally constitutes the major lipid
components of the membranes in cells. Their molecules consist of a head-like
group of phosphorylcholine and two tail-like chains of saturated or unsaturated
fatty acids. Of many molecular species of PC, one with two saturated Cg.,
chains has so far been found only in rat erythrocytes (VAN GoLpE and Van
DeeNEN, 1966), brain (MoNTFOORT, VAN GOLDE and Van DEeeNeN, 1971), lung
(MonNTFoOORT, VAN GOLDE and VAN DEENEN, 1971 ; SoopsmMa, MiMs and HarLow,
1976) and liver (OciNno, MATsUMURA, SAatoucHi and Sarro, 1980), although
in the rat liver the relative amount of this molecular species decreased rapidly
during prenatal development. The present study showed that the PC with two
saturated C,g. o chains existed most abundantly among PC species in the liver
of Rana nigromaculata and Bufo japonicus and the brain of Rana catesbeiana.

Phosphatidyl choline in Rana nigromaculata tadpoles at SHuMwAY stage 25 and
TavLor-KoLLros stage IV was similar to those in the liver of adult Rana
nigromaculata and Bufo japonicus or the brain of Rana catesbeiana in that the most
abundant PC species was that with two saturated C,4., chains. In this study,
the PC of Bufo japonicus tadpoles at SHUMwAY stage 25 was similar to that in
the liver and brain of adult frogs or toads. It was noteworthy that the PC
found in embryos at the hatching stage completely differed from the above.
The most abundant PC species was that with two different chains of fatty acids;
one was a saturated C,q., chain and the other was an unsaturated C,;., chain.
This pattern was the same in the PC of unfertilized and cleaving eggs and tail-bud
embryos. Accordingly, it was evident that the PC in embryos at the hatching
stage came from those contained in unfertilized eggs without any distinguishable
modification. A similar phenomenon was recognized in the development of
Bufo japonicus. It is very probable that all the PC of developing frog and toad
embryos come from the yolk contained in unfertilized eggs until the embryos
become feeding tadpoles. After the tadpoles begin to eat, the unsaturated chain
on the 2-position of PC seems to be changed into a saturated C,4., chain. The
PC species with two saturated C,g., chains seems subsequently to remain as the
most important substance among various molecular species of PC through the
lifespan in frogs and toads.

SUMMARY

1. The positional distribution of the fatty acids in phosphatidyl choline (PC)
molecules was examined in order to clarify the relationship between the change
in phospholipids and the morphological differentiation during development
in frogs and toads.

2. At all the stages from the unfertilized egg to the feeding tadpole, the most
abundant fatty acid at the l-position of PC was C,4.,, while that at the 2-
position was C,g., at the stages from the unfertilized egg to the hatching embryo
and Cy;., at the feeding tadpole stage.

3. The most abundant fatty acid at the 1- and 2-position of PC in the liver
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and brain of adult frogs or toads was C,4., as found in the feeding tadpoles.

4. It is assumed that all the PC contained in embryos at the stages before
eating come from the yolk contained in unfertilized eggs without making remark-
able modification, while they are changed into those of adult type after the
tadpoles begin to eat.
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