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The lipid fluidity in purified plasma membranes (PM) of murine leukemic GRSL cells, as measured by 
fluorescence polarization, is much higher than in PM of normal thymocytes. This was found to be due to 
relatively low contents of cholesterol and sphingomyelin and a high amount of unsaturated fatty acyl chains, 
especially linoleic acid, in the phospholipids. PM from GRSL cells contain markedly more phosphatidyl- 
ethanolamine than those from thymocytes. For both GRSL cells and thymocytes the detailed lipid composi- 
tion of isolated PM was compared with that of the corresponding shed extracellular membranes (ECM), 
which were isolated from the ascites fluid and from thymus cell suspensions, respectively. The somewhat 
decreased lipid fluidity of thymocyte ECM as compared to their PM, can be ascribed to the increased 
cholesterol/phospholipid molar ratio (0.88 vs. 0.74). No other major differences were found between the lipid 
composition of these membranes. In contrast, significant differences were found between PM and ECM from 
GRSL cells. In this system a much lower lipid fluidity of the shed ECM was found, due to the much increased 
cholesterol/phospholipid molar ratio (3.5-fold) and sphingomyelin (9-fold) content, as compared to the PM. 
Further, the ECM contain relatively more lysophosphatidylethanolamine and less phosphatidyicholine and 
-inositol. ECM contain a higher amount of polyunsaturated fatty acids, especially in the phosphatidylethanol- 
amine and lysophosphatidylethanolamine classes. On the other hand, the fatty acids of phosphatidylcholine 
and lysophosphatidylcholine are more saturated than in PM. In particular, ECM of GRSL cells contain less 
oleic and iinoleic acid residues and more arachidonic acid and 22:polyunsaturated fatty acid residues than 
PM. The possible relevance of these differences with respect to the mechanism of shedding of vesicles from 
the cell surface, is discussed. 

Introduction 

The shedding of membrane components from 
the cell surface is generally a selective process 
which is of widespread occurrence in normal and 
tumor cells, both in vivo and in vitro [1]. It may be 
an important determinant of the cell phenotype, 

Abbreviations: PM, plasma membranes; ECM, extracellular 
membranes; DPH, 1,6-diphenyl-l,3,5-hexatriene. 
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and may play a role in interactions between cells 
and in the generation and effectiveness of an im- 
mune response [1-5]. 

In previous papers we have reported on the 
shedding of membrane vesicles from the surface of 
normal mouse ( GR/ A)  thymocytes [6] and the 
homologous thymus-derived leukemic GRSL cells 
[4-8] in vivo. In the latter type of cells this sponta- 
neous formation of vesicles apparently occurs at 
special rigid domains of the tumor cell surface, 
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which are enriched in cholesterol and tumor anti- 
gens [4-8]. 

The shedding of vesicles from normal and cancer 
cells has since been reported by many others [9-14]. 
However, the mechanism of this phenomenon is 
still largely unknown. In the present paper an 
attempt was made to further investigate this mech- 
anism in normal thymocytes and GRSL tumor 
cells. 

Since our previous results have suggested that 
the plasma membrane (PM) lipids might play a 
central role in this exfoliation of vesicles, at least 
in the GRSL cells [4-8], the lipid composition of 
these vesicles was analysed in more detail in com- 
parison to that of the PM isolated from the corre- 
sponding cell homogenates. 

The results described in the present report indi- 
cate that thymocyte PM and extracellular mem- 
branes (ECM), show only minor differences in the 
lipid composition. However, the ECM of the 
leukemic GRSL cells are significantly different 
from the corresponding PM, not only because of 
their decreased lipid fluidity (relatively high 
cholesterol and sphingomyelin contents; see also 
Refs. 4-8, 15), but also with respect to the detailed 
composition of the phospholipids and their fatty 
acyl profiles. 

Materials and Methods 

Cells. GRSL 18 cells from a spontaneous 
thymus-derived lymphoid leukemia in the G R / A  
mouse strain were maintained by weekly in- 
traperitoneal transplantation in 2-months-old 
G R / A  mice. Transplant generations 51-53 and 
60-85 were used for Expts. 4 and 5, and Expts. 
1-3, respectively (this may be of possible relevance 
in view of the differing results). The ascites fluid 
was routinely taken 7 days after transplantation. 
Cells and extracellular ascites fluid were processed 
as described previously [6,7]. 

Thymocytes were obtained from 3-5-weeks-old 
G R / A  mice by mincing thymuses with scissors in 
Hanks' solution (Oxoid, London, U.K.) and isolat- 
ing the single cells [6]. Supernatants of cell pellets 
were kept for the isolation of extracellular mem- 
branes. 

Isolation of plasma membranes and extracellular 
membranes. Plasma membranes (PM) from GRSL 

cells and from thymocytes were isolated as de- 
scribed in detail previously [3,6,7]. Briefly, the 
'nitrogen cavitation' method was used to disrupt 
the cells. Equilibration of the cells in the pressure 
vessel was performed at 600 lb/ inch 2 N 2 during 
17.5 min for GRSL cells and at 800 lb/ inch 2 N~ 
during 20 min for thymocytes. The PM was puri- 
fied from (1.95-945)- 1 0 4 g  - min pellets of the cell 
homogenates, utilizing a discontinuous sucrose 
gradient. 

Extracellular membranes (ECM) of the two cell 
types were purified as described previously [6,7], 
making use of the same centrifugation procedures 
and sucrose density gradient as were used for the 
purification of the PM. ECM from GRSL cells 
were isolated from the ascites fluid after spinning 
down the cells. Thymocyte ECM were isolated 
from minced thymuses and the combined cell 
washes, as described before [6]. 

Estimation of lipid fluidity by fluorescence polari- 
zation. The fluorescent hydrocarbon 1,6-diphenyl- 
1,3,5-hexatriene (DPH; Koch-Light Laboratories 
Ltd., Colnbrook, U.K.) was used as a probe for 
measuring the degree of lipid fluidity in the vari- 
ous membrane preparations. The degree of fluo- 
rescence polarization (PDPH) of DPH-labelled 
samples was determined at 25°C with an Elscint 
apparatus, model MV-1A (Elscint Ltd., Haifa, 
Israel) as described previously [6,7]. 

Recently, we have presented a new and compre- 
hensive interpretation of these measurements [15]. 
In brief, the steady-state fluorescence anisotropy, 

r ~ = 2 P ( 3 - P )  ' 

in biomembranes is determined mainly by the 
degree to which rotations of the fluorophore are 
restricted by the molecular packing of the lipids (a 
static factor) rather than by its rotational rate (a 
dynamic factor), r, can be resolved into a static 
part, r~, and a dynamic part, rf. The latter contri- 
bution is related to the rotational relaxation time 
of the fluorophore, which is in turn proportional 
to the 'microviscosity'; r~ represents the infinitely 
slow decaying component, determined exclusively 
by the membrane anisotropy (structural order). 
When using the probe DPH, the lipid order 
parameter SDPH can be quantitatively estimated 
from r~ measurements by using the relationships 



r~ = (4rs/3) - 0.10 (valid for the region 0.13 < rs < 
0.28 or 0.18 < PDPH < 0.37) and (SDpH) z = r~/ro; 
r 0 = 0.4 is the theoretically maximal fluorescence 
anisotropy. 

Lipid fluidity may be defined as the reciprocal 
of the lipid structural order parameter [15]. 

Analysis of membrane lipids. Lipids were ex- 
tracted from the membrane preparations with 
chloroform/methanol (2: 1, v/v) followed by 
Folch's partition [16]. 

Cholesterol was determined enzymatically, using 
the Merckotest cholesterol kit (Merck A.G., 
Darmstadt, F.R.G.), containing cholesterol oxidase 
and a colour reagent. To this end, a sample of the 
lipid extract was dried and taken up in 100 /~1 
ethanol, followed by addition of 2 ml of enzyme 
reagent. After leaving at room temperature for 1 h, 
the absorbance was read at 365 nm. 

The individual phospholipids were separated by 
two-dimensional thin-layer chromatography on 
precoated activated silicagel plates (Merck), using 
the solvent systems chloroform/methanol/7M 
ammonia (60 : 60 : 5, v/v) (two successive runs) 
and subsequently chloroform/methanol/acetic 
acid/H20 (50: 30 : 8 : 4, v/v). Intermittant drying 
was performed at 40°C in vacuo. All phospholi- 
pids, except phosphatidic acid (only present in 
trace amounts) were quantitated by phosphate 
analysis of the individual spots, as described be- 
fore [16]. 

Fatty acid analysis of the phospholipids was 
done by gas-liquid chromatography on a Tracor 
550 apparatus, after transesterification with 0.1 M 
dry methanolic NaOH at 50°C or, in case of 
sphingomyelin, with 0.5 M methanolic HC1 at 
80°C. After neutralization the fatty acid methyl 
esters were extracted with n-hexane and separated 
on a wall-coated-open-tubular glass column, 25 m 
× 0.21 mm inner diameter, coated with Silar 5 CP, 
by splitless injection according to Grob and Grob 
[17] and using a temperature program (3 K/min) 
from 170 to 240°C. Quantitation of eluate peaks 
was done by a computing integrator. 

Results 

Comparison of plasma membranes (PM) from GRSL 
cells with those from thymocytes 

Table I shows that the fluorescence polarization 
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(PDPH) and lipid order parameter (SDPH) in the 
PM of GRSL cells are much lower than in the PM 
of normal thymocytes. The molecular and struct- 
ural basis of this relatively low order parameter 
(high lipid fluidity) in the leukemic cell mem- 
branes can be assumed to be the following (see 
also Ref. 15). In sequence of importance, with 
respect to the lipid fluidity, these membranes ex- 
hibit (1) a relatively low cholesterol/phospholipid 
molar ratio (Table I), (2) a deficiency in 
sphingomyelin (Table I) and (3) a high amount of 
unsaturated fatty acyl residues, especially linoleic 
acid (18:2), in the major phospholipid classes, as 
compared to thymocyte PM (Tables II, III and 
IV). 

Another conspicuous difference between the PM 
from thymocytes and GRSL cells is the relatively 
high phosphatidylethanolamine content (29%) in 
the latter type of membrane. 

Comparison of,plasma membranes (PM) with the 
corresponding extracellular membranes (ECM) 

Table I shows that the fluorescence polarization 
(PDPH) and lipid order parameter (SoPH) values 
of ECM are higher than those of the correspond- 
ing PM, both for thymocytes and GRSL cells. 
However, the difference is much more pronounced 
in the GRSL cell system. 

In the thymocytes the relatively small difference 
in lipid structural order between PM and ECM 
may be entirely ascribed to the difference in the 
cholesterol/phospholipid molar ratio (0.74 vs. 
0.88). The thymocyte ECM contain more stearic 
acid (18 : 0) and less palmitic (16 : 0) and linoleic 
(18 : 2) acid in their lysophosphatidylethanolamine 
than do the PM (Table II). Further, no conspicu- 
ous differences in lipid constitution between 
thymocyte PM and ECM were found, neither in 
the phospholipid composition (Table I), nor in the 
fatty acid profiles of the phospholipids (Tables II 
and IV). 

In contrast, in GRSL cells significant dif- 
ferences between PM and ECM were found with 
respect to lipid class composition (Table I) and 
fatty acid profiles (Tables III, IV and V). Gener- 
ally, a much higher lipid order parameter was 
found in ECM, due to the 3.5-fold higher 
cholesterol/phospholipid ratio and the roughly 9- 
fold higher sphingomyelin content (see also Refs. 
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TABLE I 

F L U O R E S C E N C E  POLARIZATION (PDPn), LIPID O R D E R  P A R A M E T E R  (SDpH), C H O L E S T E R O L / P H O S P H O L I P I D  
M O L A R  RATIO A N D  PHOSPHOLIPID C O M P O S I T I O N  OF PLASMA MEMBRANES (PM) A N D  E X T R A C E L L U L A R  
MEMBRANES (ECM) OF N O R M A L  GR/A MOUSE T HYMOCYTES A N D  GRSL L E U K E M I A  CELLS 

Mean values are presented -+ S.D. (number of experiments). 

Thymocytes GRSL cells 

PM ECM PM ECM 

PDPH value, at 
25°C 

SDp H value, at 
25°C 

Cholesterol/phos- 
pholipid (molar 
ratio) 

Phospholipid composition (%) 
Sphingomyelin 7.6 
Phosphatidylcholine 52.0 
Phosphatidylethanol- 19.0 
amine 
Phosphatidylserine 9.2 
Phosphatidylinositol 6.1 
Lysophosphatidyl- 3.4 
choline 
Lysophosphatidyl- 2.2 
ethanolamine 

0.303+0.005 (11) 0.320-+0.004 (8) 0.261 +0.014 (13) 

0.71 +~0.01 (11) 0.74 ±0.01 (8) 0.62 -+0.03 (13) 

0.74 --+0.05 (4) 0.88 +--0.10 (3) 0.32 -+0.08 (7) 

Expts. 1-4  
10.2 0.9+-0.2 
56.0 50 + 6 
15.1 29 + 4  

8.6 9.8+2.1 
4.5 6.5+0.5 
3.0 3.2±0.3 

2.6 2.7+1.8 

0.325 +0.008 (12) 

0.75 ~: 0.01 12) 

1.10 -+0.12 (4) 

Expts. 1-3 Expt. 4 Expt. 5 
7.7 + 1.6 6.8 9.8 

39 ± 5 40.5 46.6 
34 + 5  26 15 

11.7+3.0 8.5 7.6 
3.5'~0.8 4.0 2.6 
3.8±0.8 4.3 7.2 

3 .720 .9  10 10.6 

7, 15) (Table I). Further, ECM contain decreased 
amounts of phosphatidylcholine and -inositol, as 
compared to PM (Table I). 

Two out of five experiments (Expts. 4 and 5), 
which were related to earlier transplant genera- 
tions of the GRSL cells (see Materials and Meth- 
ods), gave somewhat different results. Here, ECM 
contained a higher amount of lysophospholipids 
than in Expts. 1-3 (Table I). Also, the fatty acid 
profiles of the ECM phospholipids, especially the 
lysophospholipids, of Expt. 4 (not done in Expt. 5) 
differed from those of Expts. 1-3 (Tables III and 
V). However, the differences between ECM and 
PM pointed in the same direction in all experi- 
ments. 

Table III shows that ECM, as compared to PM 
of GRSL cells, contain less oleic acid (18:1) and 
linoleic acid (18:2)  residues, particularly in 
sphingomyelin, phosphatidylcholine, -ethanola- 
mine and lysophosphatidylcholine. On the other 
hand, arachidonic acid (20:4) and the 22:polyun- 

saturated fatty acid residues are increased in ECM, 
particularly in phosphatidylethanolamine and 
lysophosphatidylethanolamine. There are also sig- 
nificant differences in the saturated fatty acid re- 
sidues of the various phospholipid classes (not in 
the total phospholipids) between PM and ECM of 
GRSL cells. ECM contain more palmitic acid 
(16 : 0) in sphingomyelin and in phosphatidylcho- 
line, but less in phosphatidylethanolamine. Stearic 
acid (18:0) is increased in phosphatidylcholine 
and lysophosphatidylcholine, but decreased in 
sphingomyelin, phosphatidylethanolamine and 
lysophosphatidylethanolamine. 

Table IV summarizes the overall differences 
between PM and ECM of GRSL cells and 
thymocytes, with respect to the total amounts of 
saturated, mono- and polyunsaturated fatty acyl 
residues. In thymocytes no significant differences 
were found in any of the phospholipid classes. 
However, in GRSL cells the total phospholipids of 
ECM contain a higher percentage of polyun- 
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TABLE IV 

SUM OF % SATURATED,  MONO- A N D  P O L Y U N S A T U R A T E D  FATTY ACIDS IN THE PHOSPHOLIPIDS OF PLASMA 
MEMBRANES (PM) A N D  E X T R A C E L L U L A R  MEMBRANES (ECM) OF GRSL CELLS A N D  N O R M A L  G R / A  MOUSE 
THYMOCYTES 

Data, expressed as mol%, are the mean of three (Expts. 1-3 for GRSL cells) or two (for thymocytes) individual experiments with 
consistent results. Only the phospholipids showing significant differences between PM and ECM are listed. 

Fatty acids GRSL cells Thymocytes 

PM ECM PM ECM 

Total phospholipids 

Phosphatidylcholine 

Phosphatidylethanolamine 

Lysophosphatidylcholine 

Lysophosphatidylethanolamine 

Saturated 44.0 42.1 59.3 59.3 
Monounsatd.  19.9 17.6 16.3 16.1 
Polyunsatd. 36.1 39.8 22.7 22.4 
Saturated 46.2 56.5 64.6 65.5 
Monounsatd.  21.2 16.0 17.1 16.4 
Polyunsatd. 32.0 27.3 16.9 17.0 
Saturated 27.1 19.7 34.8 34.3 
Monounsatd.  16.3 11.7 12.4 14.3 
Polyunsatd. 55.6 68.5 51.1 49.4 
Saturated 66.9 82.3 77.7 77.1 
Monounsatd.  21.2 9.6 14.6 13.5 
Polyunsatd. 11.0 8.1 7.3 8.2 
Saturated 66.6 54.5 71.4 73.4 
Monounsatd.  19.2 17.1 17.1 15.2 
Polyunsatd. 13.6 28.4 11.2 10.7 

saturated fatty acids at the expense of saturated 
and monounsaturated ones. This is particularly 
due to the much higher amount of polyun- 
saturated fatty acids in phosphatidylethanolamine 

and lysophosphatidylethanolamine, which is not 
counter-balanced by the opposite distribution in 
phosphatidylcholine and lysophosphatidylcholine. 

Tables III and IV (Expts. 1-3), clearly show 

TABLE V 

EXTREME DIFFERENCES BETWEEN THE MAIN FATTY ACIDS OF PHOSPHOLIPIDS FROM PLASMA MEMBRANES 
(PM) A N D  E X T R A C E L L U L A R  MEMBRANES (ECM) OF GRSL L E U K E M I A  CELLS IN ONE P A R T I C U L A R  EXPERIMENT 
(Expt. 4) 

Data, expressed as mol%, pertain to membrane preparations from GRSL18, passages 51-53. Values for phosphatidylethanolamine 
and phosphatidylserine are similar to those presented in Table III. 

Fatty Total phos- Sphingo- Phosphatidyl- Phosphatidyl- Lysophospha- Lysophosphati-  
acid pholipids myelin choline inositol tidylcholine dylethanol- 

amine 

PM ECM PM ECM PM ECM PM ECM PM ECM PM ECM 

16 : 0 23 23 35.5 45 33 41 9 9 33 43 16 3.5 
18:0 20 20 19 10 9.5 16 42 57 20 43 18 8 
18:1 18 13 11.5 5 19 13.5 10 4.5 27 7 17 6.5 
18:2 18.5 15 5.0 2.0 21 18 7 7 14 7 13 9 
20 : 4 8.2 8.9 1.5 0.9 3.0 3.0 22 14 2.7 - 20 32 
22 : 6 3.0 7.0 - 1.4 2.0 1.0 1.0 1.0 - 9 33 
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that in GRSL cells ECM have more saturated 
fatty acyl groups in phosphatidylcholine and 
lysophosphatidylcholine than PM, while on the 
other hand, they have much more unsaturated 
fatty acyl groups in phosphatidylethanolamine and 
lysophosphatidylethanolamine. These differences 
are even much more pronounced in Expt. 4 
(Table V). In this experiment the lysophosphati- 
dylcholine of ECM was extremely saturated (16:0 
and 18:0) and the lysophosphatidylethanolamine 
extremely unsaturated (high 20:4 and 22:6, low 
16:0 and 18:0). 

One could argue that the differences between 
GRSL PM and ECM, described above, are the 
result of lipid exchange of the shedded vesicles 
with ascites plasma lipoproteins. This is, however, 
very unlikely, since e.g. the fatty acyl profiles of 
the various ascites plasma phospholipids are very 
different from, or even contrasting to those of 
ECM (results not shown). 

Discussion 

The lipid fluidity in purified plasma membranes 
(PM) of leukemic GRSL ascites cells, as measured 
by fluorescence polarization, is much higher than 
in PM of normal thymocytes. This is due to (a) the 
relatively low cholesterol/phospholipid molar 
ratio, (b) the virtual absence of sphingomyelin, 
and (c) the relatively high percentage of un- 
saturated phospholipid fatty acyl chains (see also 
Ref. 15). PM from GRSL cells show extreme 
values of these three parameters, also in compari- 
son to PM isolated from other cell types, including 
normal and malignant lymphoid cells [9,10,15,18- 
23]. In regard to the degree of fatty acyl saturation 
in particular, the amount of linoleic acid (18:2) is 
extremely high (19%) in GRSL PM, especially in 
the phosphatidylcholine (22.5%) and -ethanola- 
mine (19%) classes, as compared to published val- 
ues (1-9%) for other lymphocyte PM [9,10,18-20]. 

Common characteristics of all lymphoid cell 
PM, including the ones studied in this paper, are 
the amounts of phosphatidylcholine (about 50%) 
[9,10,18-23], phosphatidylserine (about 10%) 
[9,18,21-23] and stearic acid (18:0) residues (20- 
25%) [9,10,18,19]. It is furthermore apparent that 
PM from thymocytes of various species contain a 
relatively high amount of palmitic acid (16:0) 

residues, ranging from 38% for the G R / A  mouse 
(Table II) to as much as 56% for the rabbit [9]. 
This palmitic acid is predominantly contained in 
the phosphatidylcholine and sphingomyelin classes, 
amounting to 54% and 61%, respectively, in case 
of the G R / A  thymocytes (Table II). 

It has been discussed previously that extracellu- 
lar membranes (ECM) in the ascites fluid of GRSL 
bearing mice are mainly derived from viable tumor 
cells by exfoliation, rather than from dying or 
lysed cells [7,8]. Likewise, ECM isolated from the 
thymus have most probably been formed in vivo 
by shedding from thymocytes. It is not likely that 
they result to a marked degree from cell death in 
the thymus or by disruption of ceils during the 
preparation of single cell suspensions [9]. 

Table VI summarizes the differences in lipid 
composition between ECM and PM of G R / A  
mouse thymocytes and leukemic GRSL cells, in 
comparison with the pertinent results of investiga- 
tors who have studied shed membranes in other 
cell systems [9 11]. In all these studies ECM are 
not mere random fragments resulting from the 
cytolysis of moribund cells, but are apparently 
shed from viable cells, and often originate from 
particular cell surface domains (see also Refs. 4-7). 
Generally, those parts of the plasma membrane 
which are more rigid (lower lipid fluidity) are 
preferentially shed, rabbit thymocytes [9] being an 
exception. Rabbit thymocyte PM show an ex- 
tremely high lipid rigidity, due to the high content 
of saturated fatty acids, which may be the possible 
cause that no preferential shedding of still more 
rigid membrane domains can occur [9]. 

The molecular parameters which determine the 
increased rigidity of ECM relative to that of PM in 
the various systems (Table VI), are the increased 
cholesterol/phospholipid ratio (mouse thymo- 
cytes, GRSL cells), the increased sphingomyelin 
content (GRSL and glioma cells) or the highly 
increased degree of saturation of the fatty acids 
(calf thymocytes) [15]. It should be noted that 
ECM from calf thymocytes, as studied by Ferber 
et al. [10] were generated in vitro, either 'sponta- 
neously' or induced by low concentrations of a 
detergent, whereas those from mouse and rabbit 
thymocytes were largely formed in situ. It is, there- 
fore, plausible that the different results obtained in 
these thymocyte systems, especially with respect to 



the degree of fatty acyl saturation (Table VI), may 
imply different mechanisms of vesicle formation. 

It seems reasonable to suggest that the process 
of exfoliation of vesicles is promoted by factors 
which destabilize the lipid bilayer structure, since 
membrane fusion at the base of the generating 
vesicle is an essential step in this process. Accord- 
ing to Cullis and De Kruijff [24] this membrane 
fusion requires an instability of the inner mono- 
layer which may lead to intermediate non-bilayer 
configurations such as micelles and inverted 
micelles. The former configuration can be formed 
in the membrane by local concentrations of the 
cone-shaped lysophospholipid molecules, which are 
present in relatively high amounts (about 6%) in 
the PM of GRSL cells. Intermediary inverted 
micelles can be formed by local concentrations of 
unsaturated phosphatidylethanolamine during its 
bilayer-to-hexagonal polymorphic phase transition 
at physiological temperatures [24,25]. It seems, 
therefore, relevant to note that this phosphatidyl- 
ethanolamine is present in relatively high amounts 
in PM of GRSL (29%) and glioma cells (37%), cell 
systems which, in contrast to thymocytes in situ 
(19% phosphatidylethanolamine in PM), most 
clearly show segregation of membrane lipids dur- 
ing vesicle formation (Table VI). This lipid segre- 
gation in these two cell systems is evident because 
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the ECM exhibit a much increased sphingomyelin 
content (rigidity), a decreased phosphatidylinositol 
content and an increased unsaturation of fatty 
acids, as compared to PM. In addition, in the 
GRSL system in particular, the degree of fatty 
acyl unsaturation of phosphatidylcholine and 
lysophosphatidylcholine in ECM is much lower 
than in PM, whereas the reverse is true for phos- 
phatidylethanolamine and lysophosphatidyl- 
ethanolamine (Tables III, IV, V). 

At this moment no satisfactory explanation can 
be given for this segregation of lipids during the 
exfoliation of vesicles. It has been suggested previ- 
ously that in the GRSL system the viral precursor 
glycoproteins (Pr73 env or MLr antigen) could select 
or assemble these specialized rigid cell surface 
domains, and could subsequently trigger the ex- 
foliation process ('abortive virus formation') [4,5,7]. 
We still consider this as an hypothesis, without 
knowing the mechanism. 

In conclusion, in this paper detailed informa- 
tion is provided on the lipid composition of mem- 
brane vesicles exfoliated from leukemic GRSL cells 
and normal thymocytes in situ, in comparison to 
the PM isolated from these cells. The results show 
minor differences in the thymocyte system, but 
significant differences in the GRSL system, which 
is indicative for a selective, nonrandom process. It 

TABLE VI 

DIFFERENCES BETWEEN PLASMA MEMBRANES (PM) AND EXTRACELLULAR MEMBRANES (ECM) IN VARIOUS 
CELL SYSTEMS 

Cells (origin) Cholesterol/phos- Degree of saturation Phospholipid 
pholipid ( M / M )  of fatty acids classes * 

PM ECM 

Thymocytes 
G R / A  mice 0.74 0.88 No diff. minor diff. 
Rabbit  [9] 0.59 0.62 E C M <  PM no diff. 
Calf (in vitro [ l 0]) 0.59 0.56 ECM >> PM LPC 1" 

GRSL (T-leukemia in 
G R / A  mice) 0.32 1.10 E C M <  PM LPCI", LPE1" 

Sph 1", PC,~, PI $ 
C-6 glioma 

(cell line [ 11 ]) n.d. n.d. ECM < whole cells Sph 1" 
PEJ,, P I l  

* Abbreviations: LPC and LPE, lysophosphatidylcholine and -ethanolamine; Sph, sphingomyelin; PC, PE and PI, phosphatidylcho- 
line, -ethanolamine and -inositol. "r/~,, ECM contains more/ less  than PM; n.d., not determined. 
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seems evident that the exfoliation processes in 
these two cell systems have different, as yet un- 
known mechanisms, which may be important sub- 
jects for further study. 
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