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Purified plasma membranes of mouse EL 4 lymphoma cells were fractionated by means of affinity chromatog- 
raphy on concanavalin A-Sepharose into two subfractions; one (MF1) eluted freely from the affinity column, 
the second (MF2) adhered specifically to Con A-Sepharose. Both membrane snbfractions proved to be of 
plasma membrane origin, as evidenced by the following criteria (i) The ratio of cholesterol to phospholipid 
was nearly identical in plasma membrane and both subfractions. (ii) When isolated plasma membranes were 
labelled with tritiated NaBH4, both subfractions exhibited identical specific radioactivities (iii) After 
enzymatic radioiodination of the cells, the total content of labelled proteins was very similar in isolated 
plasma membranes and in both subfractions. (iv) Some plasma membrane marker enzymes exhibited nearly 
identical specific activities in plasma membranes, MF1 or MF2 including y-glutamyl transpeptidase, 
5'-nucleotidase and Mg2+-ATPase. Both subfractions exhibited characteristic differences. Thus the specific 
activities of (Na + + K +)-ATPase, Ca 2 +-ATPase and lysopbosphatidylcholine acyltransferase were several-fold 
enriched in MF2 compared to MF1. SDS-polyacrylamide gel electrophoresis revealed a different polypeptide 
composition of the two subfractlons. Polypeptides of apparent molecular mass of 116, 95, 42, 39, 30 and 28 
kDa were highly enriched in MF2, whereas MF1 contained another set of proteins, of apparent molecular 
mass of 70, 55 and 24 kDa The phospholipid fatty acid composition of the subfractions proved to be 
different, as well, MF2 contained more saturated fatty acids than MF1. The data suggest the existence of 
plasma membrane domains in the plasma membranes of the mouse EL 4 lymphoma cells, containing a set of 
polypeptides, among others membrane bound enzymes, embedded in a different phospholipid milieu. 

Introduction 

The fluid mosaic model of cell membranes has 
been widely accepted to explain the basic structure 
of plasma membranes [1] Speclahzed plasma 
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Abbreviation Hepes, 4-(2-hydroxyethyl)-l-plperazaneethane- 
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membrane areas, however, clearly exist m different 
cells that have an obvious morphological orienta- 
tion [2,3] More recent evidence, however, sug- 
gested that also an the plasma membranes of cells, 
which do not exhibit an obvious orientation, do- 
mains are also present [5,6] Lymphocytes that 
exist physiologically as single cells were claimed to 
bear plasma membrane domains [7,8] Our previ- 
ous work has shown that from the plasma mem- 
branes of rabbit and calf thymocytes specialized 
membrane areas could be isolated by affinity chro- 
matography on Con A-Sepharose [9-11] This 
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finding is of considerable interest in lympholc cells 
because of the wide range of functions involving 
membrane determined events in which these cells 
are involved As in stimulated T lymphocytes the 
plasma membrane  domains were claimed to be 
involved in the regulation of cell differentiation, 
growth and proliferation it was of particular inter- 
est whether similar membrane areas could be 
shown in proliferating tumor cells as well In this 
work we show that the plasma membranes of the 
mouse lymphoma cells, EL 4, contain plasma mem- 
brane domains, which closely resemble those de- 
scribed for calf and rabbit  T-lymphocytes 

Materials and Methods 

Cells 
EL 4 cells were mmntalned In asotes form in the 

peritoneal cavities of 8-10-week-old C57B1/6 mace 
Immediately before use, the carrier C57B1/6 mace 
were killed and their peritoneal cavities were 
flushed several times with phosphate-buffered 
saline containing 5 U / m l  hepann The harvested 
EL 4 cells were washed twice, faltered through small 
nylon columns (LeukoPak Fenwall Lab ) to re- 
move cell debris and adherent cells EL 4 cells were 
then taken up in cell disruption buffer (0 02 mol /1  
Hepes, 0 14 tool/1 KC1, 0 25 mmol /1  MgC12 (pH 
8 0)), chilled m ice and all subsequent steps carried 
out strictly in the cold The disruption of the cells 
and the isolation of plasma membranes has re- 
cently been described in detad [9] Briefly, the cells 
were equilibrated for 20 man under 30 atm N 2 In  

an ArUsan pressure homogemzer with gentle stir- 
ring, and then released dropwise Immediately after 
the release EDTA was added to give a final con- 
centration of 1 mmol /1  Nuclei, large granules 
(matochondna, lysosomes) and a macrosomal frac- 
tion containing vesicles derived from the plasma 
membrane and the endoplasmlc reticulum were 
sedlmented by differential centnfugaUon After 
shocking the mlcrosomal membranes hypotom- 
cally (0 02 mol/1 Hepes (pH 8 0)) to remove 
trapped cytoplasmic protein, the membranes were 
suspended m plasma membrane buffer (0 02 mol/1 
Hepes, 0 14 mol/1 KC1 (pH 8 0)) and layered on 
top of 35% sucrose in plasma membrane buffer 
After centnfugation for 2 h at 250 000 × gma× the 
plasma membranes formed a band at the interface 

between sucrose and buffer, which was collected 
and sucrose removed by diatysls overnight against 
a gradient of a total of 2000 ml 20% sucrose (w/w)  
and plasma membrane buffer Finally, plasma 
membranes were dlalysed against plasma mem- 
brane buffer for 4 h This slow removal of sucrose 
was essential to prevent the membranes from irre- 
versible aggregation [9] 

Afftmty chromatography of plasma membranes on 
Con A-Sepharose 

Affinity chromatography was performed strictly 
at 4°C The detailed procedure of the affinity 
separation of plasma membrane subfractlons has 
been published recently [9] Briefly. 50 ml of wet 
gel of Con A-Sepharose (Pharmacla), washed thor- 
oughly before use, were rinsed with 3-times the gel 
volume with plasma membrane buffer, in a glass 
separation chamber as described in [9] To the wet 
gel about 2 mg of plasma membrane protein were 
added in 10 ml plasma membrane buffer Con 
A-Sepharose and membranes were maxed by stir- 
ring the gel for 2 man at 200 rpm with a motor 
driven stirrer The membranes were then allowed 
to bind for 20 min, within which time the gel had 
sedimented The plasma membrane fraction not 
binding to Con A-Sepharose was eluted with 
plasma membrane buffer at a flow rate of 2-3  
m l / m l n ,  and designated MF1 After complete elu- 
tion of MF1 the gel was washed with plasma 
membrane buffer substituted with 01 mol/1 
methyl a-mannoslde To dissociate the bound 
membranes,  Con A-Sepharose was stirred for 2 
mln at 200 rpm The fraction was then eluted with 
plasma membrane buffer containing 0 1 mo l / l  
methyl a-mannoslde and was designated MF2 
Elution of membrane protein was monitored with 
a spectrophotometer at 280 nm (UA5 ISCO In- 
struments) and the fractions collected batchw~se 
MF1 and MF2 were concentrated by ultracentrffu- 
gation for 120 man at 250000 x gmax and resus- 
pended in plasma membrane buffer 

A nalyncal procedures 
Protein Protein was measured by its native 

fluorescence as described earlier, using a MPF 44 
fluorescence spectrophotometer  (Perkxn-Elmer, 
Hitachi) [12] 

Cholesterol Cholesterol was measured en- 



zymatlcally as described in Ref 13 
Phosphohptd Total phosphollpxd was measured 

as described in Ref 14 Separation of individual 
phosphohplds Phosphohplds were extracted as 
described recently [15] The phosphohplds were 
separated by thin-layer chromatography on TLC 
plasuc sheets Slhca-gel 60, layer thickness 0 2 mm 
(Merck) with ch loroform/methanol /ace t ic  ac id /  
0 9% NaCI (50 25 8 2 5, v /v )  [15], a modifica- 
tion of the method described by Sklpskl and 
Barclay [16] The lndwldual hpld fractions were 
Vlsuahzed by exposure to iodine vapour The areas 
containing a hpld fraction were cut out and 
counted in a llqmd scintillation counter (LKB, 
Munich) 

Ra&oactwe labelhng 
5 × 10 lymphocytes in 1 ml phosphate-buffered 

sahne, subsututed with 20 mM glucose, were in- 
cubated for 20 mln at room temperature with 20 
units lactoperoxldase, 80 units glucose ox~dase 
(Boehrlnger), and 1 mCl Na125I (Amersham 
Buchler), a method sxmflar to that described by 
Hubbard and Cohn [17] The cells were then 
washed four times with excess phosphate-buffered 
sahne supplemented with 10% foetal calf serum 
Radiolodinated lymphocytes were then diluted 
with unlabelled lymphocytes 

Plasma membranes (1 mg protein in 5 ml plasma 
membrane buffer, supplemented with 20 mM glu- 
cose) were incubated for 30 mm at room tempera- 
ture w~th 100 units lactoperoxldase, 400 umts glu- 
cose oxldase and 1 mC1 Na125I The membranes 
were then washed twice by ultracentnfugatlon (60 
rain at 175000 × gmax) and dialyzed overnight in 
plasma membrane buffer 

Membrane glycoprotems were labelled by 
sodium bo rohydnde  reduction of galactose 
oxldase-treated membranes [18] 10 ml plasma 
membranes containing 2 mg membrane protein 
were first reacted for 5 mln with unlabelled NaBH4 
(2 mM) at room temperature The plasma mem- 
branes were then centrifuged at 250 000 × gmax for 
60 mln and resuspended in 5 ml plasma membrane 
buffer The membranes were treated with neu- 
raminldase (Sigma Type VI, 30/ tg)  for 20 mln at 
room temperature, and subsequently w~th galac- 
tose oradase (Boehrlnger, 25 umts) for 15 mm at 
37°C The aldehydes were reduced with tritiated 
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NaBH 4 at a concentration of about 1 mC1/ml for 
5 nun at room temperature NaBH4 (Amersham 
Buchler, 8 C1/mmol) was dissolved immediately 
before use in 0 01 M NaOH The plasma mem- 
branes were washed twice m plasma membrane 
buffer (centnfugatlon 45 man at 250000 × gmax) 
and resuspended in 3 ml plasma membrane buffer 

Enzvrne assays 
The activities of various enzymes were mea- 

sured according to the following quotations lactate 
dehydrogenase (EC 1 1 1 27) [19], succmate dehy- 
drogenase (EC 1 3 99 1) [20], ~,-glutamyl trans- 
pepudase (EC 2 3 2 2) [21], alkahne mtrophenyl- 
phosphatase (EC 3 1 3 1) [22], 5'-nucleotldase (EC 
3 1 3 5) [231 

ATPases (EC 3 6 1 3) were measured as de- 
scribed m Ref 11 The enzyme insensitive to 10 -3 
M ouabaln was designated as Mg2+-ATPase, the 
sensitive enzyme as (Na÷+ K+)-ATPase Ca z+- 
ATPase was measured according to Ref 24 
Liberated phosphate was determined as described 
in R e f  25 L y s o p h o s p h a t l d y l c h o h n e  
acyltransferases (EC 2 3 1  23) were measured 
according to Ref 26 Enzyme activities were 
calculated from the conversion of the labelled 
precursor into phosphatldylchohne Arachidonoyl- 
coenzyme A was synthesized according to Ref 27. 
using arachldonoyl chloride (NuChek Prep ) as 
substrate 

Polyacrylamtde gel electrophorests 
Polyacrylamxde gel electrophoresls was carried 

out according to the method of Laemmh [28] 
Stacking gel was 5% and running gel 12 5% in 
acrylanude (Blo-Rad) In some cases, 7 5-15% 
polyacrylamlde gradient gels were used Electro- 
phores~s was performed at a constant current of 40 
mA for 180 nun 150 /~g of membrane proteins 
were apphed for Coomassle brllhant blue staining 

Membranes were sohiblhzed m sample buffer 
(0025 mol/1 Trls (pH 68), 2% SDS, 5% fl- 
mercaptoethanol and 10% glycerol) and heated for 
3 mln at 100°C Gels were stained with Coomasste 
brllhant blue R-250 (Stgma). 0 1% in methanol /  
acetic ac id /water  (3 6 75, v /v )  for 30 man at 
60°C and destalned by 7% acetic acid overnight 

Fatty actd determination 
Dplds were extracted as described previously 
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[15] Phosphohplds were separated from neutral 
hplds by TLC on SdlCa gel plates (Schlelcher & 
Schull) with the solvent system hexane/d~ethyl 
e ther /acet ic  acid (80 20 2, v /v )  The phos- 
phohplds remam at the starting hne They were 
scraped off and transmethylated m the presence of 
sd~ca gel Transmethylatlon was performed with 
sodium methylate as described m Ref 29 By this 
method acylated fatty aod  residues are transmeth- 
ylated Thus sphlngomyehn, a minor component 
of lymphocytes, remains intact The fatty acid 
methyl esters were analyzed by capdlary GLC 
(Fractovap a4160, Erba Strumentaz~one, FFAP 
column, carrier gas H2) Peaks were identified by 
standard fatty a od  methyl esters Some peaks were 
only partmlly characterized by reduction with H 2, 
by this method the number of carbon atoms but 
not the number of double bonds could be de- 
terrmned The peak area was calculated by a com- 
puter program from Spectra Physics 

Results 

Characterlzatton of plasma membranes from EL 4 
lvmphoma cell~ 

Plasma membranes were isolated from the EL 4 
lymphoma cells as described m Matermls and 
Methods For disrupting the cells the mtrogen 
cavltaUon method was used This releases small 
homogeneous vesicles (with a dmmeter between 50 
and 200 nm) from the plasma membrane [30] The 
characterlsUcs of the plasma membranes are sum- 
manzed m Tables I - I I I  As can be seen, the 
plasma membranes isolated from the EL4 

lymphoma cells proved to be highly purified, as 
revealed by a high cholesterol to phosphohpld 
ratio, characteristic for plasma membranes, and 
the 5-10-fold enrichment of several plasma mem- 
brane bound enzymes, such as "y-glutamyl trans- 
peptldase, 5'-nucleoudase, alkahne phosphatase, 
ATPases and lysophosphatldylchohne acyltrans- 
ferase No activity of lactate dehydrogenase, suc- 
clnate dehydrogenase and only trace amounts of 
fl-glucuronldase were measurable in the purified 
plasma membrane fraction 

Fractlonatton of plasma membrane~ Jrom E L  4 

lvmphoma cells by affmtt)' chromatograph), on Con 
A -Sepharose 

When purified plasma membranes were sub- 
jected to afflmty chromatography on Con A-Sep- 
harose under the condmons described m Materials 
and Methods, two fractions were recovered (Ftg 
1) One membrane fraction, designated MF1, was 
not retained on Con A-Sepharose and eluted freely 
Membrane vesicles, which bound to the afftmty 
adsorbent, could be eluted after mechanical dls- 
so~.mt~on in the presence of 0 1 m o l / l  methyl 
a-mannoslde From the membrane vesicles re- 
covered after afflmty chromatography 75% eluted 
in MF1 and 25% m MF2 In more than 15 sep- 
arations the amount of MF2 vaned between 19 
and 26%, thus showing the high reproduobthty of 
the separation method The total recovery of the 
membrane protein subjected to affimty chro- 
matography under the con&tlons used was greater 
than 90% 

Both fractions, MF1 as well as MF2, revealed 

TABLE I 

CHARACTERIZATION OF CELLULAR FRACTIONS OF THE EL 4 LYMPHOMA 

101° cells were &srupted and cellular fractions ~solated as described in Materials and Methods Data are means of three separate 
experiments S D was always less than 5% n d not detectable 

Protein Cholesterol Phosphohpld Ratio 
(mg) ( /~mol/mg protein) (/~ mo l /mg  protein) (cholesterol/phosphohptd) 

Homogenate 70 8 0 06 0 23 0 26 
Nuclo + large granules 37 9 0 07 0 28 0 25 
Supernate 28 3 n d n d - 
Mlcrosomes 5 3 0 26 0 97 0 27 

Plasma membrane 0 8 0 52 0 99 0 53 
Endoplasrmc reuculum 4 4 0 15 0 85 0 18 
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TABLE II 

CHARACTERIZATION OF CELLULAR FRACTIONS OF THE EL 4 LYMPHOMA 

101° cells were &srupted and cellular fractions isolated as described m Matenals and Methods Data are means of two separate 

expenments S D was always less than 5% n d ,  not detectable 

Marker enzyme actwlties (nmol (mg protein) - I  nun -1) 

Lactate Succmate B-Glucuronidase 
dehydrogenase dehydrogenase 

Homogenate 325 7 6 5 4 
Nuclei 210 8 8 5 6 
Large granules 76 46 1 25 6 

Supernate 531 n d 0 2 

Mlcrosomes n d n d 1 4 
Plasma membrane n d n d 0 7 
Endoplasmlc retlculum n d n d 0 8 

TABLE III 

CHARACTERIZATION OF CELLULAR FRACTIONS OF THE EL 4 LYMPHOMA 

101° cells were &srupted and cellular fractions isolated as descnbed in Matenals and Methods All data are means of 3-5 separate 
expenments S D less than 5% n d ,  not detectable TGT, y-glutamyl transpeptldase 5'-Nucl, 5'-nucleotldase AP, alkahne 
phosphatase LAT, lysophosphat~dylcholme acyltransferase 

Marker enzyme actlvtUes (nmol (mg protein) 1 n u n -  1) 

y GT 5'-Nucl AP Mg 2 +-ATPase (Na + + K + )-ATPase LAT 

Homogenate 4 7 4 2 24 5 
Nuclei + large granules 6 7 6 9 130 0 
Supernate 0 4 - 1 0 
Mlcrosomes 9 5 12 4 260 0 

Plasma membrane 29 5 30 0 559 0 
Endoplasnuc retlculum 5 0 8 7 160 0 

1046 n d 7 6 
178 0 27 5 10 4 

99 n d  05 
198 0 48 6 18 9 
346 0 120 0 45 6 
170 0 31 5 8 1 

high homogeneity In expenments where both 
fractions were subjected to rechromatography on 
Con A-Sepharose 89% of MF1 was recovered in 
the non-adherent fraction 0 e MF1) S~mllarly, 
93% of MF2 was recovered m the adherent frac- 
tion (MF2) 

Composttton of plasma membranes and plasma 
membrane subfracttons 

In the plasma membranes and in the subfrac- 
tlons denved thereof, the content of cholesterol 
and phosphohpld was very slrmlar, resulting in a 
nearly identical high cholesterol to phosphohpld 
ratio, as charactenstlc for plasma membranes (Ta- 
ble V) This strongly suggested that both subfrac- 
tlons were derived from the plasma membrane 

0 

Eluhon volume 

Fig 1 Fraction of plasma membranes on Con A-Sepharose 
Plasma membranes from the mouse EL 4 lymphoma cells were 
isolated as descnbed m Matenals and Methods 2 mg plasma 
membrane protem was apphed to 50 ml Con A-Sepharose gel, 
and affimty chromatography carried out as descnbed m 
Matenals and Methods The elutlon profile was momtored by 
an ISCO UA-5 absorbance momtor The arrow ln&cates &s- 
socmt~on of bound membranes 
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TABLE IV 

DISTRIBUTION OF SURFACE LABEL IN EL 4 PLASMA 
MEMBRANE SUBFRACTIONS 

Plasma membranes were surface labelled either by the 
lactoperoxtdase catalyzed radlolodmaUon or by NaB[all]4 as 
descrabed m Materials and Methods The labelled plasma mem- 
branes were fractlonated on Con A-Sepharose into MF 1 and 
MF2 

Label (cpm/mg protein) 
[1251] [3H] 

Plasma membrane 285 093 510 597 
MF 1 288 061 530 688 
MF 2 293 476 556146 

This  was fur ther  subs tan t i a ted  b y  the ~dentlcal 
l abe lhng  of  p l a s m a  membranes  and  the two sub-  
f ract ions  af ter  r ad lo lod lna t l on  of  in tac t  cells (Ta-  
b le  IV) In  ttus exper iment  the l y m p h o m a  cells 
were ~odmated enzymauca l ly  by  the lac toperoxl -  
dase  method ,  then p l a s m a  membranes  i so la ted  and 
subsequen t ly  f rac t lona ted  into  MF1  and  M F 2  by  
Con  A-Sepha rose  In  agreement  with these find- 
rags, when m e m b r a n e  g lycopro te lns  of i so la ted  
p l a s m a  membranes  were label led  by  reduc t ion  with 
t r m a t e d  N a B H  4 af ter  enzymat ic  oxyda t lon  by  
galac tose  oxldase,  p l a s m a  membranes  as well as 
the subfrac t lons  exhib i ted  near ly  Ident ical  s p e o f l c  
r ad loac t lw ty  (Table  V) 

Taken  together  these da t a  demons t r a t e  that  bo th  
subfracUons,  M F 1  as well as MF2 ,  separa ted  by  
a f h m t y  c h r o m a t o g r a p h y  on Con  A-Sepharose ,  
were subfrac t lons  of  the p l a sma  m e m b r a n e  

Distribution of enzyme actlvtttes m plasma mem- 
brane subfracttons 

The p l a sma  m e m b r a n e  na ture  of the subfrac-  
t lons MF1 and M F 2  was fur ther  subs t a nua t e d  by  
the dls tnbut~on of several p l a sma  membrane -  
b o u n d  enzymes (Table  V) Thus,  5 ' -nucleot ldase,  
~,-glutamyl t r anspep t ldase  and Mg2+-ATPase  ex- 
h ib i ted  near ly  ident ica l  specific actwlt les  m both  
m e m b r a n e  subfrac t lons  as well as in unsepara ted  
p l a s m a  membranes  (Table  V) Other  membrane  
spe o f i c  enzymes,  however,  showed a clearcut  het- 
e r o g e n e o u s  d i s t r i b u t i o n  Thus  ( N a + +  K + )  - 
ATPase ,  Ca2+-ATPase and lysophospha t ldy lcho-  
hne acyl t ransferase  were several-fold enriched m 
the adheren t  f ract ion M F 2  

Charactertzatton of the polypepttde composition of 
plasma membranes and subfracttons 

When  p l a sma  membranes  and their  subfrac-  
t~ons s e p a r a t e d  b y  C o n  A - S e p h a r o s e  were 
processed  to SDS-po lyac ry l anude  gel e lec t rophore-  
sts, the overal l  po lypep t lde  pa t t e rn  of the unsep-  
a ra ted  m e m b r a n e  and  of  bo th  subfrac t lons  proved  
to be b r o a d l y  slrmlar (F ig  2) A m o n g  the cyto- 
skeletal  p ro te ins  the amoun t  of  actln,  that  was 
ident i f ied  by  c omlg ra hon  with a pur i f ied marker  
was present  m equal  amounts  m the p l a sma  mem- 
b rane  as well as m bo th  subfractxons, fur ther  sub- 
s tanUatmg the exclusive p l a sma  m e m b r a n e  origin 
of  the m e m b r a n e  subfrac t lons  In contrast ,  some 
po lypep t lde s  of  appa ren t  molecular  mass  of 116, 
95, 42, 39, 30, and  28 k D a  were marked ly  enr iched 
m M F 2  as c o m p a r e d  to MF1 In contrast ,  MF1 
con ta ined  s tgnlf lcant ly h~gher amoun t s  of some 

TABLE V 

DISTRIBUTION OF ENZYME ACTIVITIES IN EL 4 PLASMA MEMBRANE SUBFRACTIONS 

Plasma membranes were fracUonated on Con A-Sepharose into MF1 and MF2 Data are mean values of 5-10 different plasma 
membrane preparations S D was less than 5% yGT, ~,-glutamyl transpepudase, LAT, lysophosphatldylchohne acyltransferase 

Specific actlwty (nmol (mg protein) "1 nun- 1 ) 

"tGT 5'-Nucleo- Mg 2+- (Na ÷ + K ÷ )- Ca 2+- LAT Ratio 
tldase ATPase ATPase ATPase cholesterol/ 

phosphohpld 

Plasma membrane 26 9 32 1 342 2 126 0 41 6 44 3 0 54 
MF1 27 0 30 8 356 1 60 5 20 2 24 9 0 50 
MF2 25 4 31 3 324 8 242 0 80 3 97 5 0 57 
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Fig 2 Polypeptxde pattern of plasma membranes and subfrac- 
tlons of EL,, lymphoma cells Purified plasma membranes from 
EL,, lymphoma cells were fractionated into MF1 and MF2 by 
affinity chromatography on Con A-Sepharose as described in 
Materials and Methods Plasma membranes and subfractlons, 
MF1 and MF2, were concentrated by ultracentnfugatlon and 
taken up In sample buffer, containing 0 1% Bromophenol blue 
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other polypeptldes of apparent molecular mass of 
70, 55. and 24 kDa (Fig 2) 

Charactertzatzon of the phosphohpM fatty actd com- 
posttton of plasma membranes and subfracttons 

Besides the differences observed in the poly- 
pept]de and enzyme composmon of the plasma 
membrane subfractions, a distinct phosphohpld 
fatty acid composmon of the subfract~ons was 
found Table VI shows a typical example of a fatty 
acid analys~s The subfractlon MF1 is very slmdar 
to the plasma membrane, whale MF1 and MF2 
showed marked &fferences The amounts of 
saturated fatty acids, palmltac and stearlc acid, 
were enhanced in the phosphohplds of MF2 with a 
concomitant decrease m the amounts of polyun- 
saturated fatty aods  The ratio polyunsaturated 
fatty acid to saturated fatty acid was decreased by 
40 to 60% in three independent experiments 

Discussion 

Using affinity chromatography with Con A- 
Sepharose plasma membranes from the mouse EL 4 

Proteins were solublhzed at 100°C for 3 mln 150 /tg protein 
per gel was run at 40 mA constant current for 3 h m 12 5% 
acrylamlde gels Gel slabs were stained by Coomassle brdhant 
blue and destamed by acetic acid as described m Materials and 
Methods Molecular mass of single proteins were determined 
by the comlgratlon of purified molecular we:ght markers 
(Pharmacla), consisting of phosphorylase b (97 kDa), albumin 
(68 kDa), ovalbumln (43 kDa) carbonic anhydrase (30 kDa) 
trypsin inhibitor (20 1 kDa) and lactalbumm (14 4 kDa) The 
amounts of the single proteins were evaluated by the means of 
a laser densltometer, 2202 Ultroscan, LKB A Plasma mem- 
brane, B MF1, C MF2 The arrow lndtcates actln 

TABLE VI 

FATI 'Y ACID COMPOSITION OF THE PHOSPHOLIPIDS FROM EL 4 PLASMA MEMBRANE SUBFRACTIONS 

Plasma membranes were isolated and fractlonated on Con A-Sepharose The phosphohp]ds were :solated and their fatty acid content 
deterrmned For expenmental detads see Materials and Methods Data are expressed as weight per cent 20 n and 22 n are two and 
three fatty acids, respectively, with a known carbon number and an unknown number of double bonds (n > 1) 

16 0 16 1 18 0 18 1 18 2 20 n 20 4 22 n polyunsaturated/ 
saturated 

Plasma 
membrane 9 2 0 2 26 8 14 8 8 0 4 6 16 5 19 8 1 36 

MF1 95 03 263 165 56 49  176 192 1 32 
MF2 14 4 0 9 39 4 19 5 5 0 3 4 9 3 8 1 048 
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lymphoma cell line were fracuonated By the 
method used two plasma membrane subfractions 
were obtained, MF1 and MF2, which were homo- 
geneous by rechromatography under identical con- 
dmons Several findings Indicated that both sub- 
fractions were of plasma membrane origin (i) The 
plasma membrane preparations used were highly 
purified, as revealed by a high cholesterol to phos- 
phohpid ratio, characterlsnc for plasma mem- 
branes and the several-fold enrichment of some 
membrane bound enzymes, such as 7-glutamyl 
transpeptldase, 5'-nucleotldase, alkaline phos- 
phatase and (Na++ K+)-ATPase (see Table I and 
III) Furthermore, no mltochondrlal or cyto- 
plasmic contamination was detectable, as shown 
by the lack of succinate dehydrogenase and lactate 
dehydrogenase in the plasma membrane fraction 
(Table II) (11) The cholesterol to phosphohpld 
ratio was identical in the plasma membrane sub- 
fractions, MF1 and MF2 (111) Enzymatic surface 
radioiodlnanon or labelhng of surface carbo- 
hydrates by NaBH 4 reduction was identical (Table 
IV) (w) In both fractions a number of plasma 
membrane marker enzymes showed identical 
specific acnvmes, including ~,-glutamyl trans- 
peptIdase, 5'-nucleotldase and MgZ+-ATPase (Ta- 
ble V) (v) The amount of the cytoskeletal protein 
actln was essentially the same m the unseparated 
plasma membranes and m both subfractlons (Fig 
2) 

Our previous results have shown that by the 
nitrogen cavitation method plasma membrane 
vesicles were obtained that have preserved their 
original orientation, e g were right-side-out [9,10], 
excluding the posslbdity that the fraction not bmd- 
mg to Con A-Sepharose does not expose carbo- 
hydrate to the outer surface 

Although both plasma membrane subfractlons 
share some propemes - indicating their exclusive 
plasma membrane nature as discussed above - 
there also exist marked differences considering 
their chemical and functional propemes (1) The 
adherent fraction MF2 consisted m a set of poly- 
peptldes of apparent molecular mass of 116, 95, 
42, 30, 30, and 28 kDa, that were reduced in their 
amounts m MF1 (Fig 2) (n) The phosphohpid 
fatty acid composition of MF2 proved to be quite 
differefit as compared to MF1, showmg a marked 
mcrease m the amounts of saturated fatty acids in 

the phosphollpids extracted from MF2 (Table VI) 
(nl) The specific actlvmes of several membrane 
bound enzymes, l e (Na++ K+)-ATPase, Ca 2+- 
ATPase and lysophosphaudylchohne acyltrans- 
ferase were several-fold hagher in the adherent 
fraction MF2 as compared to MF1 (Table V) 

Our recent work on the functional ultrastruc- 
ture of lymphocyte plasma membranes has shown 
that plasma membrane domains from calf and 
rabbit thymocytes, with strikingly similar char- 
acterlst~cs to those presented here, can be sep- 
arated by affinity chromatography on Con A-Sep- 
harose [9-11,30] Although EL 4 cells were re- 
ported to represent a homogeneous cell population 
[31], it cannot be ruled out that actually cells at 
different stages of the cell cycle were present The 
fact, however, that plasma membrane subfractions 
with nearly identical characteristics were obtained 
by affinity chromatography of plasma membranes 
from resting T-tymphocytes strengthens the idea 
that by affinity chromatography on Con A-Sep- 
harose different domains of the plasma membrane 
of an individual cell were Isolated 

Thus, our data suggest that the plasma mem- 
branes of transformed lymphocytes, similarly to 
normal ones are not entirely homogeneous, but 
contain domains consisting of a set of poly- 
peptldes, among others of some membrane bound 
enzymes, embedded in a phosphollpld milieu dif- 
ferent from that of the bulk membrane Although 
their precise nature has to be estabhshed, recent 
experiments suggested that these domains are kept 
together by strong forces involving protein-pro- 
tein. as well as proteln-hpld interactions (Refs 10, 
32, and Szamel. M ,  Kaever, V and Resch, K .  
manuscript in preparation) 

The demonstration that in the plasma mem- 
branes of normal and transformed lymphocytes 
there exist speclahzed domains bears implications 
for the regulation of cell activation and prohfera- 
tlon In fact, we have shown recently that at least 
two enzymes specifically enriched m these plasma 
membrane areas, (Na++ K+)-ATPase and lysole- 
cithin acyltransferase, are also functionally cou- 
pled in the plasma membrane domains of 
lymphocytes [11,33] Blocking the activation of 
(Na++ K+)-ATPase by ouabam prevented the 
activation of lysophosphatidylchohne acyltrans- 
ferase and also the subsequent mductmn of macro- 
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molecular  synthesis, suppor t ing  the role of  the 

p lasma m e m b r a n e  domains  in the regulat ion of 

lymphocy te  df f ferentmtmn and p rohfe ra tmn  The 

fact  that  these enzymes are represented with very 

high specific actlwtles,  also in the p lasma mem-  

brane  domains  of  t ransformed lymphocytes ,  sug- 

gests a similar regulatory funct ion also m trans- 

fo rmed  cells 
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