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Phospholipid composition and 32p metabolism were studied in oocytes and early developing embryos of the 
toad, Bufo m'enarum, Hensei. The content and distribution of phosphatidylcholine, phosphatidylethanola- 
mine, phosphatidylinositol, phosphatidic acid, sphingomyelin, phosphatidylserine,and diphosphatidyiglycerol 
in embryos, whole oocytes, and the subcellular fractions of both were determined. Phosphatidylcholine and 
phosphatidylethanolamine were the major constituents of yolk platelet. Diphosphatidylglycerol was confined 
to the mitochondrial fraction, where it represented about 7% of the total phosphoacylglycerols. Relatively 
large amounts of sphingomyelin were found in microsomal and postmicrosomal supernatants. After in vivo 
labeling with 32 p, the early development of individual phospholipids in subcellular fractions and in whole eggs 
was followed. The greatest uptake was found in mitochondrial and yolk platelet fractions. A steady increase 
in the amount of 3Zp present in phosphatidylethanolamine, phosphatidylcholine, and phosphatidylinositoi was 
seen in the whole embryo from oocyte to late gastrula stage and in all subcellular fractions. Phosphatidic acid 
exhibited a slight decrease in specific activity, except in the yolk platelet fraction. This high 32p incorpora- 
tion would indicate a rapid and uneven polar headgroup turnover determined by phospholipid class and 
subcellular fraction. At the same time, the phospholipid content of the subcellular fractions studied remained 
unchanged during early embryogenesis. Moreover, 3Zp was actively incorporated into the individual phos- 
pholipids in the absence of measurable net synthesis. 

Introduction 

Changes taking place in phospholipids during 
growth and development of embryos have been 
described previously [1-6]. However, no detailed 
study of individual phospholipids in the whole 
oocyte, embryo, and subcellular fractions has been 
done. During early cell cleavage, the embryo pro- 
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vides an excellent model for in vivo studies on 
membrane biogenesis; the synthesis and turnover 
of total phospholipids in this model have been 
reported [7-9]. The 32p labeling of total phos- 
pholipids, phosphatidylcholine, and phosphatidyl- 
ethanolamine in the whole embryo [2] shows an 
active increase as a function of early development. 
A similar pattern is also seen in the total phos- 
pholipids of embryo subcellular fractions [4]. To 
our knowledge, this report is the first time the 
content and 32p metabolism of phosphatidic acid, 
phosphatidylserine, phosphatidylinositol, phos- 
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phatidylcholine, phosphatidylethanolamine,  
sphingomyelin and diphosphatidylglycerol found 
in subcellular fractions of unfertilized oocytes and 
early developing vertebrate embryos have been 
described. 

Material and Methods 

Mature female toads, Bufo arenarum Hensel, 
were used. Ovulation was induced during hiberna- 
tion by injection of homologous pituitary extract 
into the dorsal lymphatic sacs. Pituitary glands 
were stored and used as described by Pishno [10]. 
When oviposition had begun, the animals were 
killed, ovisacs excised, and the oocytes obtained. 
In order to label oocytes endogenously with 32p, 
100/~Ci of sterile NaH32po 4 (127.6 Ci/g P, Comi- 
sion Nacional de Energia Atomica, Argentina) per 
100 g of body weight were injected simultaneously 
with the pituitary extract. In vitro fertilization was 
performed by adding a homologous testicular ho- 
mogenate. Development was carried out in a 1 : I0 
amphibian Ringer solution at a temperature of 
20-25°C. Embryological stages were characterized 
morphologically [ 11 ]; eggs showing surface irregu- 
larities or abnormalities were discarded. At a given 

stage, oocytes and embryos were released from the 
jelly coat by brief exposure to 2% thioglycollic acid 
neutralized with NaOH. 

Cell fractions 
Subcellular fractionation was performed using 

previously described procedures [4,12,13] with the 
following modifications: 10% homogenates were 
prepared in a 50 mM Tris-HCl buffer solution (pH 
7.4) containing 10 -3 M EDTA and 0.3 M sucrose. 
A Potter-Elvejhem homogenizer with a motor- 
driven Teflon pestle was used. All steps were car- 
ried out at temperatures between 0 and 4°C. The 
homogenate was centrifuged at 1500Xg for 15 
min. The pellet was transferred to a Potter-Elvej- 
hem tube, rehomogenized by two strokes with a 
Teflon pestle, and sedimented at 1500 x g for 15 
min. The washing was repeated, after which the 
yolk platelet fraction was obtained. Supernatants 
and washings were combined and centrifuged at 
20000 X g for 15 min to obtain the mitochondrial 
fraction. The postmitochondrial supernatant was 
centrifuged (Beckman LS-50) at 133000 X g for 60 
min to produce a microsomal fraction pellet and 
postmicrosomal supernatant. 

TABLE I 

PHOSPHOLIPID AND TOTAL PROTEIN DISTRIBUTION IN SUBCELLULAR FRACTIONS FROM OOCYTE AND 
GASTRULA EMBRYOS 

Phospholipid content is expressed as/~mol phospholipid-P per 100 mg protein. Data represent mean-+ standard deviation. N, number 
of samples. Numbers in parentheses indicate percent o f  total phospholipid in fraction. U, undetectable. Total protein content 

Phospholipid Yolk platelets fraction Mitochondrial fraction 

Unfertilized oocyte Late gastrula Unfertilized oocyte Late gastrula 
N = 5  N = 3  N = 8  N = 3  

PC 6.35-'- 1 .06 (63.6) 6 . 1 7 -  + 1.08 (62.9) 26.23-+2.53 (51.3) 29.45-+3.68 (50.8) 
PE 2.55 +-- 0.27 (24.8) 2.15-+0.19 (22.7) 13.52----- 1.13 (26.8) 16.14-+ 1.49 (26.9) 
PI 1.33-+ 0.52 (9.4) 1.42±1.05 (8.7) 3.93±0.43 (7.4) 4.83±0.60 (7.7) 
PS 0 .10 -  + 0.02 (1.0) 0.10-+0.01 (1.1) 1.45-----0.38 (3.2) 1.59±0.37 (2.9) 
PA 0.02-- + 0.005 (0.2) 0.01-+0.00 (0.2) 0.08-----0.02 (0.2) 0.10(2) (0.2) 
Sph 0.43-+ 0.07 (4.6) 0.43-+0.07 (4.7) 2.30-+0.48 (3.1) 1.99-+0.61 (2.6) 
DPG U U 3.12-+0.59 (6.9) 4.28-+0.68 (7.6) 

Total 10.42-+ 1.52 9.70± 1.42 51.10-+4.31 58.79-+6.31 

Total proteins 868.4 -+ 240.8 18.0 ± 3.0 
distribution 
total proteins 89.0 -+ 1.5 92.2 --+1.8 1.8 -+0.1 1.4 -+0.08 
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Extraction and separation of phospholipids 
Lipid extracts were prepared from whole oocytes 

and embryos, yolk platelets, and mitochondrial 
and microsomal fractions using the method of 
Folch et al. [ 14]. Postmicrosomal supernatants were 
extracted according to Bligh and Dyer [15]. 

Phospholipids were isolated by two-dimen- 
sional thin-layer chromatography on silica gel H 
using chloroform/methanol/concentrated am- 
monia (65:25:5, by vol.) and chloroform/ace- 
t o n e / m e t h a n o l / a c e t i c  ac id /wa te r  (4 : 60 : 
15:15:7.5, by vol.) as developing solvents [16]. 
Spots were visualized by iodine vapours. All ex- 
tracts were stored under N 2 at -20°C. 

Analytical procedure 
Proteins were extracted with 1 M NaOH at 

100°C for 20 min and identified by the method of 
Lowry et al. [17] using crystalline bovine serum 
albumin as a standard. Lipid phosphorus was 
measured after digestion with HC104 using the 
method of Rouser et al. [16]. Radioactivity was 
determined in a Beckman LS-250 liquid scintil- 
lation counter using 4% Omnifluor in toluene. 

Results 

Phospholipid patterns in subcellular fractions of early 
developing embryos 

Cleavage, the first phase of embryonic develop- 
ment, involves nuclear division and the formation 
of cell membranes between daughter cells. The 
phospholipid distribution within subceUular frac- 
tions of oocyte and gastrula was characterized by 
the retention of about 80% of the whole embryo 
phospholipids found in the yolk platelet fraction. 
However, the phospholipid/protein ratio was low, 
due to the high protein concentration of this frac- 
tion (Table I). Phosphatidylcholine and phos- 
phatidylethanolamine were the major phospholi- 
pids in yolk platelets. Phosphatidylserine and 
phosphatidylinositol made up about 1% and 9%, 
respectively, of the total phospholipids. 
Sphingomyelin represented 4.6% of the total phos- 
pholipids, phosphatidic acid only 2%, and diphos- 
phatidylglycerol was undetectable, as shown previ- 
ously by qualitative chromatography [4]. Phos- 
phatidylcholine plus phosphatidylethanolamine 

expressed in /Lg per subcellular fraction derived from 3000 oocytes or embryos. Values are mean±s tandard  deviation from six 
independent samples. Protein content at late gastrula stage was similar to that of unfertilized oocyte. PC, phosphatidylcholine; PE, 
phosphatidylethanolamine; PI, phosphatidylinositol; PS, phosphatidylserine; PA, phosphatidic acid; Sph, sphingomyelin; DPG, 

diphosphatidylglycerol. 

Microsomal fraction Postmicrosomal fraction 

Unfertilized oocyte Late gastrula Unfertilized oocyte Late gastrula 
N = 3  N = 3  N = 9  N = 6  

43.29 -+ 2.71 (55.1) 34.05 ± 2.60 (56.8) 2.95 ± 0.36 (46.3) 3.33 ± 0.21 (41.4) 
8.59 ~0.43 (22.9) 10.78 ± 1.16 (21.8) 1.92 ± 0.64 (23.3) 2.35 ± 0.28 (25.4) 
2.90-----0.43 (7.8) 3.02--+0.01 (7.9) 0.53± 0.15 (7.6) 0.54±0.16 (7.6) 
2.47±0.80 (4.8) 3.10±0.63 (4.5) 0.57± 0.15 (7.9) 0.70±0.07 (7.9) 
0.11±0.04 (1.0) 0.21(2) (0.6) 0.04± 0.01 (0.3) 0.03±0.01 (0.5) 
6.17±1.05 (12.1) 6.22--+1.39 (9.4) 1.12± 0.41 (14.4) 1.28±0.11 (16.5) 

77.80--+6.72 62.6 -+7.74 7.30± 1.58 8.86± 1.46 

7.1 ±1.1 81.8 ±13.0 

0.7 ±0.2 0.5 ±0.06 8.4 ± 1.7 7.0 ±0.2 
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represented 78% of the total phospholipids in the 
mitochondrial fraction, while phosphatidylserine 
and phosphatidic acid represented approx. 3% and 
0.2%, respectively. Diphosphatidylglycerol  
amounted to about 7% of the total phospholipids 
and showed a tendency to increase at the gastrula 
stage. Phosphatidylinositol represented about 7.5% 
of the fraction. The phospholipid patterns of mi- 
crosomal and postmicrosomal fractions showed a 
relatively high sphingomyelin content. The postmi- 
crosomal fraction was found to have: (a) the lowest 
percent content of phosphatidylcholine; (b) a 
sphingomyelin content of about 15%; and (c) the 
highest proportion of phosphatidylserine of all 
fractions studied. During early development, no 
striking changes could be detected in the phos- 
pholipid patterns of oocytes. 

During early embryogenesis, most of the total 
protein was confined to the yolk platelets (Table I). 
The postmicrosomal supernatant contained 7% to 
10% of the total, whereas only 1.4% to 1.9% was 
recovered from the mitochondrial fraction. The 
microsomal fraction yielded 0.5% to 0.7% of the 
embryonic proteins, which correlates with the small 
amount of endoplasmic reticulum that has been 
observed in oocytes and early developing embryos 
[18]. 

32p-Labeled phospholipids in oocytes, early embryos, 
and derived subcellular fractions 

This study was designed to follow the uptake of 
[32p]phosphate into individual phosphoacylgly- 
cerols. Table II shows the incorporation of the 

precursor in total and individual phospholipids 
during four stages of development: unfertilized 
and fertilized oocytes, and late blastula and 
gastrula embryos. Total phospholipids, as well as 
phosphatidylcholine, phosphatidylethanolamine 
and phosphatidylinositol, showed a steady in- 
crease in 32p content during development, while 
an apparent decrease in phosphatidic acid and 
minor changes in phosphatidylserine and 
sphingomyelin were seen. 

At the subcellular level, oocyte-labeling was 
maximal in the mitochondrial fraction, and less in 
the yolk platelets and postmicrosomal supernatant 
(Table III). As development continued, radioactive 
phospholipids increased in all fractions. In the 
yolk platelet fraction, the increase was about 3.5- 
fold from oocyte to late gastrula stage, wheres in 
the mitochondrial fraction, microsomal fraction, 
and postmicrosomal supernatant, a 2-fold increase 
was seen in a similar period of time. 

The specific activity of each phospholipid dur- 
ing development is given in Fig. 1. A major in- 
crease in specific activity was seen in the micro- 
somal fraction. Phosphatidylcholine also displayed 
high values in the mitochondrial fraction and post- 
microsomal supernatant. Phosphatidylcholine, 
phosphatidylinositol, and phosphatidylethanola- 
mine showed similar increases in the various frac- 
tions. The most surprising changes were seen in 
the mitochondrial and microsomal fractions, where 
the specific activity of phosphatidic acid de- 
creased. It is also interesting that the 32p-labeling 
of sphingomyelin in mitochondrial, microsomal, 

TABLE II 

32p I N C O R P O R A T I O N  IN PHOSPHOLIPIDS OF W H O L E  OOCYTES A N D  DEVELOPING EMBRYOS 

Values represent nmol  of 32px  10 -6  per 300 oocytes or embryos. 

Phospholipids Unfertilized Fertilized Late Late 
oocyte oocyte blastula gastrula 

Phosphatidylcholine 103.79 - 29.4 114.9 ± 33.8 259.6 ± 36.0 237.4 ± 25.0 

Phosphatidylethanolamine 28.7 ~ 4.0 22.2± 2.3 55.6~ 8.6 77.2 (2) 
Phosphatidylinositol 15.2 ± 3.9 15.0± 3.7 33.1"4- 2.1 27.6 (2) 
Phosphatidic acid 11.5 ± 3.3 10.0± 2.4 12.4"4- 5.4 5 .1± 3.2 
Phosphatidylserine 2.1 ± 0.9 4 .1±  1.0 3.3 "+- 1.5 7.0(2) 
Sphingomyelin 3.5 ± 1.6 4 .5±  2.4 5 .1± 2.1 3.9(2) 

Total 172.6 ± 53.8 171.0 -'- 37.3 380.4.4- 39. I 353.4 -'- 19.0 
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TABLE III 

32p LABELING OF TOTAL PHOSPHOLIPIDS IN SUBCELLULAR FRACTIONS 

Subcellular fractions were obtained from about 3000 oocytes or embryos. Data represent mean± standard deviation. Figures in 
brackets indicate number of samples. Results are given as nmol 32p. 

Unfertilized Fertilized Late Late 
oocyte oocyte blastula gastrula 

Yolk platelets 227.5 - 54.0 (7) 252.1 ± 45.1 (4) 868.3 - 101. I (4) 794.4-167.3 (3) 
Mitochondriai fraction 395.5±83.0 (7) 443.8±48.0 (3) 871.8± 106.2 (4) 936.2± 91.3 (3) 
Microsomal fractions 99.2±46.9 (6) 112.0-4-35.5 (3) 148.5 (2) 264.5± 101.0 (3) 
Postmicrosomal supernatant 194.1 ± 55. I (7) 235.1 ± 54.2 (4) 558.3 ± 161.5 (4) 421.9 ± 76.8 (3) 

and postmicrosomal supernatants increased. The 
specific activity of diphosphatidylglycerol, how- 
ever, showed only a slight increase during the late 
gastrula stage. Phosphatidylserine exhibited a 
marked increase in specific activity in the micro- 
somal fraction. 
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Fig. I. Specific activities of phospolipids during early amphibian 
development. Samples were from 300 whole embryos or from 
subcellular fractions obtained from 3000 embryos. Values are 
the mean of five different ovulations. 

Discuss ion  

The observations reported here concerning the 
32p-labeling of individual phospholipids from 
whole embryos and subcellular fractions during 
early embryogenesis indicate that active metabo- 
lism occurs in spite of the remarkably similar 
phospholipid profile seen during early stages of 
development at both the cellular and subcellular 
levels. This is in agreement with previous observa- 
tions on the unchanged concentration of total 
phospholipids [8], phosphatidylcholine, and phos- 
phatidylethanolamine [2] found in eggs during cell 
cleavage. Subcellular fractions f rom oocytes 
showed phospholipid content and distribution sim- 
ilar to fractions from gastrula embryos. However, 
there were differences in the distribution of indi- 
vidual phospholipids among the analyzed frac- 
t ions .  P h o s p h a t i d y l c h o l i n e ,  p h o s p h a t i d y l -  
e thanolamine and phosphatidylinosi tol  were 
located primarily in yolk platelets. In contrast, 
50% of the total phosphatidylserine was distrib- 
uted between the mitochondrial fraction and post- 
microsomal supernatant, with only a very small 
proportion of this lipid in the microsomal fraction. 

The distribution of total phosphatidic acid and 
sphingomyelin in subcellular fractions was very 
similar. Mitochondrial and microsomal fractions 
isolated from oocytes or embryos showed a higher 
phospholipid content than mitochondrial and mi- 
crosomal fractions isolated from rabbit  liver by 
Miller and Comatzer  [19] during pednatal  devel- 
opment.  In agreement with these authors, we found 
a higher phosphatidylcholine content in the 
mitochondrial fraction than in the microsomal 



150 

fraction, when judged on a protein basis. 
The  character is t ic  d iphospha t idy lg lycero l  

(cardiolipin) content of the mitochondrial fraction 
seen in mammals  [20,21] is also found in amphibian 
mitochondria. Moreover, this phospholipid must 
be confined to the mitochondrial fraction, since 
other fractions are devoid of cardiolipin. 

The relatively high amount of enrichment in 
sphingomyelin found in the postmicrosomal super- 
natant may be due to the shuttling of phospholi- 
pids for use in newly formed membranes and also 
to the phospholipid exchange that may occur dur- 
ing cell cleavage [4,22]. Hence, the enrichment of 
this fraction can be related to the transfer of 
sphingomyelin from the organdie where the phos- 
pholipid may be stored (e.g. yolk platelet) or 
synthesized (microsomal fraction) to the site of 
membrane formation. 

The protein distribution pattern during early 
embryogenesis, previously reported by our labora- 
tory [4], extends to the microsomal and postmicro- 
somal supernatant fractions. The reported values 
are in accordance with those from eggs of the frog, 
Xenopus laevis [23], in which only 12.3% of the 
total oocyte mass is considered as 'non-yolk'  
material. 

In Xenopus laevis, the first new proteins thus 
far detected evolve during gastrulation,with an 
increase in the number  of new proteins occurring 
at the neurula stage [24]. Hence, as observed in sea 
urchin eggs [25], very few proteins are formed 
during cell cleavage. During. early cell cleavage, 
protein synthesis profiles in these eggs do not  
change significantly, and new protein synthesis is 
not detectable until the gastrula stage. In agree- 
ment  with these studies, we found that the protein 
content in the whole embryo and in each subcellu- 
lar fraction was unchanged at least until gastrula- 
tion. Since the methods used in this study do not 
detect minor quantitative changes, no conclusion 
about protein synthesis can be drawn. 

Since yolk platelets contain a higher proportion 
of proteins and phospholipids than found in 
oocytes and embryos, nascent membranes may 
obtain these constituents [26] by a distribution 
process which may take place at the subcellular 
location of the phospholipid. Total cell mass [27] 
and phospholipids have been shown to remain 
constant during cell cleavage. However, in the yolk 

platelets [28], membranes do evolve and changes 
take place. The superficial layers of these inclu- 
sions become labile, whereas their central crystal- 
line structural components remain unmodified [29]. 

Yolk platelets and mitochondrial fractions in 
early embryos displayed a high level of 32p 
metabolism, with an enhancement upon gastrula- 
tion. Acid-soluble phosphate also becomes labelled 
rapidly [4] and includes high energy-containing 
nucleotides [30]. The specific activity of 32 P-labeled 
acid-soluble phosphate diminishes from the period 
of early development to the gastrula stage [4]. 
These changes could also be involved in an in- 
tracellular distribution of phosphate that may then 
be used to label lipids. 

The increased 32 P-labeling of lipid classes at the 
subcellular level suggests that the existence of an 
active turnover of the polar moiety of membrane 
lipids may be related to an endogenous non-lipid 
pool which is highly labeled with the precursor. 
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