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Summary. Plasma membranes isolated from Yoshida ascites hepatoma AH-130 by a 
modification of the method of T. K. Ray (Biochim. Biophys. Aeta 196:1, 1970), were 
subfractionated into three fractions having densities (d) 1.12, 1.14 and 1.16 by dis- 
continuous sucrose density-gradient. Membrane subfractions were characterized by 
electron-microscopy, by assay of marker enzymes and by lipid composition. All sub- 
fractions appeared to be essentially free from whole mitochondria, lysosomes and 
nuclei. Subfraction d 1.16 had the highest 5'-nucleotidase, Mg++-ATPase and 
(Na++K+)-ATPase activities; cytochrome e oxidase was undetectable in any fraction 
and glucose-6-phosphatase was measurable only in fraction d 1.14. Adenylate cyclase 
had the highest activity in fractions d 1.14 and 1.16. Cyclic AMP phosphodiesterase 
was nearly equally distributed in the fractions. Adenylate cyclase, 5'-nucleotidase and 
Mg++-ATPase activities of tumor membrane were lower with respect to liver plasma 
membrane, while cyclic AMP phosphodiesterase and (Na + +K+)-ATPase were found 
to have similar activities in the two membrane preparations. With respect to liver mem- 
brane, hepatoma membrane contained a higher amount of glycolipids and a higher 
amount of phospholipids accounted for mainly by sphingomyelin, phosphatidylserine 
and phosphatidic acid. The possible significance of the decrease of adenylate activity 
in the hepatoma membrane is briefly discussed. 

T u m o r  cells are character ized by  m a r k e d  al terat ions in the s t ructure  

and  compos i t ion  of their  surfaces and  these al terat ions are likely to affect 

the behav io r  of m e m b r a n e - b o u n d  enzymes.  

Recen t  invest igations po in t  to an al terat ion of cyclic A M P  me tabo l i sm 

in t r ans fo rmed  cells as a consequence  of the modif ica t ion  of the activity of 

m e m b r a n e - b o u n d  adenyla te  cyclase and /or  of its h o r m o n a l  contro l  [1, 5, 9, 

28]. The  use of isolated cell suspensions as a s tar t ing mater ia l  for  the pre- 

pa ra t ion  of p l a sma  m e m b r a n e s  el iminates the p rob lems  arising f r o m  the 
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he te rogene i ty  of  solid tissues such  as liver. These  p r o b l e m s  have  recent ly  

been  discussed by  D e  Pierre  a nd  K a r n o v s k y  [7]. 

I t  seemed there fore  of  interest  to  isolate a p l a s m a  m e m b r a n e  f r ac t ion  

f r o m  a rap id ly  g rowi ng  h e p a t o m a ,  Y o s h i d a  ascites h e p a t o m a  A H  130, in 

o rde r  to  s t udy  its chemica l  p roper t i es  a nd  the  act ivi ty  of  m e m b r a n e - b o u n d  

enzymes .  The  a im of  this inves t iga t ion  was  to  gain  m o r e  i n f o r m a t i o n  a b o u t  

possible  mod i f i ca t i ons  of m e m b r a n e  c o m p o s i t i o n  and  e n z y m e  activities in a 

neop las t i c  tissue. 

Materials and Methods 

Animals 

Male Wistar rats weighing 180 to 240 g were used. Yoshida ascites hepatoma 
AH 130 [34] was propagated by intraperitoneal injections of about 20x 106 cells in 
0.5 ml of ascitic fluid on the seventh day of growth. The tumor-bearing rats were usually 
sacrificed seven days later. Normal rats of the same strain and weight were used for 
the preparation of plasma membrane from liver. The viability of tumor cells was checked 
at the Institute of Pathology, University of Firenze (Italy) by the Schrek's test. The 
amount of nonviable cells never exceeded 2.3 % of total cells [4]. 

Chemicals 

Adenosine-8-14C-triphosphate (sp act 52 to 55 mC/mmole) and adenosine-8-3H-3',5 '- 
cyclic monophosphate (sp act 20 C/mmole) were obtained from the Radiochemical 
Center, Amersham, England. Enzyme substrates, epinephrine bitartrate and bovine 
serum albumin were purchased from Sigma Chemical Co., St. Louis, Mo. 2-phos- 
phoenolpyruvate and pyruvate kinase were products of Boehringer, Mannheim, Ger- 
many. All other chemicals used were of analytical grade. 

Isolation of Plasma Membranes 

Plasma membranes from Yoshida hepatoma were isolated by the procedure shown 
in Fig. 1. All steps were carried out at 4 ~ ascitic fluid, about 100 ml harvested from 
three rats, was centrifuged at 2,000xg for 15 rain. The packed cells were resuspended 
in physiological saline and spun down at 2,000 x g. This procedure was repeated twice. 
Cells were then homogenized in 25 ml of 1 mM NaHCO3, pH 7.5, containing 2 mM 
CaCI2, with a Dounce homogenizer (tight pestle, 30 strokes). The homogenate was 
diluted on the basis of protein content (100 ml/g of proteins), shaking vigorously. The 
unbroken cells were sedimented at 300x g for 15 rain and were discarded. A crude 
membrane fraction was obtained by centrifuging the homogenate at 14,000• for 
15 rain. This centrifugation was repeated and the pellets were resuspended in a small 
volume of homogenization medium (8 ml/g of original homogenate protein). The 
suspension was mixed with 70 % ice cold sucrose solution in order to get a final sucrose 
concentration of 48 % (w/v). A portion of 8 to 10 ml of the suspension was overlayered 
with 8 ml of 45%, 10 ml of 41% and 2 to 3 ml of 37% sucrose solutions (w/v). After 
2 hr at 62,500 x g, the material gathering at the interface between 37 and 41% sucrose, 
was removed with a Pasteur pipette, suspended in the homogenization mixture, sedi- 
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Fig. I. Isolation scheme of plasma membrane  and of subfractions 
f rom Yoshida hepatoma 

mented by centrifugation at 2,000x g and resuspended in cold saline for 30 min in order  
to remove  any cytoplasmic contaminant.  Af ter  centrifugation, membranes  were suspended 
again in buffer and mixed with 70 % ice cold sucrose so that the final concentrat ion of 
sucrose was 48 %. A sample of 8 to 10 ml of this suspension was overlayered with 7 ml 
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Fig. 2. 

Rat liver Yoshida AH-130 
hepatoma 

Distribution of plasma membrane subfractions from rat liver and Yoshida 
hepatoma in a sucrose density-gradient 

of 41%, 5.5 ml of 37%, 5.5 ml of 33 % and 5.5 ml of 29% sucrose solutions (w/v). The 
tubes were then spun for 2 hr at 62,500 • g in a Spinco SW 25.1 rotor. After centrifugation 
the membranes were subfractionated in three layers corresponding to densities 1.16, 
1.14 and 1.12 (see Fig. 2). Each subfraction was suspended in cold 0.l mM EDTA, 
pH 7.5, in order to remove sucrose and calcium ions. The membranes were then suspended 
in distilled water (0.5 to 1.0 mg/ml) and used immediately for enzyme assays or for 
electron-microscopy or stored at - 4 0  ~ for chemical determinations. 

For electron-microscopy, membranes were fixed as described by Pohl et al. [19]. 
Electron-micrographs were obtained with a TESLA BS 513 A electron-microscope. 

Rat liver plasma membranes were isolated according to Ray [20] and subfractionated 
with the procedure described above. 

Lipid Extraction and Determination 

Extraction, purification, separation and determination of lipids were performed as 
previously described [21]. The plasmalogen content of phospholipids was determined 
according to Hack and Ferrans [11]. 
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Determination of Enzyme Activities 

Adenylate cyclase was assayed as previously described [22]. Glucose-6-phosphatase 
activity was assayed by the method of Swanson [26]. Cytochrome c oxidase was assayed 
by the method of Smith [24] and cyclic AMP phosphodiesterase activity according to 
Murray etal. [17]. 5'-Nucleotidase, Mg++-ATPase and (Na++K+)-ATPase were 
assayed according to Emmelot and Bos [8]. Protein assay was according to Lowry et aL 
[151. 

Results 

Chemical Composition of Hepatoma Plasma Membranes 

The appearance of plasma membrane subfractions is shown in Fig. 2. 

Plasma membranes from hepatoma were fractionated in three layers having 

sucrose-buoyant densities of 1.12, 1.14 and 1.16 g/ml. On the other hand, 

from rat liver membranes just two subfractions were separated having 

buoyant densities of 1.14 and 1.16 g/ml. 

A partial chemical characterization of plasma membrane subfractions 

of tumor cells is shown in Table 1. The data indicate that the subfractions 

of buoyant density 1.14 and 1.16 g/ml are the most important constituent 

on a weight basis, while the yield of fraction 1.12 g/ml was much lower. 

The latter fraction contained more neutral lipids and less phospholipids 

with respect to the others. With respect to liver plasma membrane isolated 

according to the method of Ray [20], which in our hand gave a yield (mean 

of four preparations) of 6.5 ~tg membrane proteins per mg homogenate 

proteins (or 1.44 mg membrane proteins per g wet weight), the yield of 

fraction 1.16 was 46% and that of fraction 1.14 was 83%. 

In Table 2 the lipid composition of fraction 1.16 g/ml of hepatoma is 

reported. In comparison with liver plasma membrane lipid composition, 

the hepatoma membrane contained less neutral lipids but more than twice 

the amount of glycolipids. 

Table 1. Chemical composition of plasma membrane fractions of Yoshida hepatoma a 

No. Hepatoma plasma membranes Liver 
of exp. 1 . 1 2  b 1.14 1 . 1 6  membrane 

1.16 

Membrane yield ~ 4 0.8 +0.4 5.4 __+0.3 3.0 ___0.2 6.5 d 
mg lipid/mg protein 3 0.54__ 0.02 0.51___ 0.03 0.47_ 0.02 0.41 
ggtotalPi/mgprotein 4 11.5 +0.2 13.2 -[-0.4 12.5 +0.4 10.5 
~tg lipid Pi/mg protein 4 6.9 +0.2 11.1 -[-0.3 10.4 --+0.3 8.9 

" Data are means + sE. 
b Density (g/ml). 
~ gg membrane proteins/mg homogenate proteins. 
a This value corresponds to 1.44 mg protein per g wet weight. 
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Table 2. Lipid composition of hepatoma and liver plasma membranes a 

Hepatoma % Liver % 
(mg lipid/100 mg membrane protein) 

Total lipid 46.5__+ 2.4 100 41.5--t- 1.5 100 
Distribution of lipids: 

Phospholipids 25.5 • 1.0 55 22.3_ 0.4 54 
Neutral lipids 13.1 ___ 0.3 28 16.2___ 0.6 39 
Glycolipids b 7.8• 0.3 17 3.0-t- 0.2 7 

a Data are means of three separate experiments• Membranes d 1.16 were used. 
b Glycolipids were isolated from the total lipid extract as described in Ref. [21] and the 
amount was evaluated on a weight basis. 

Enzymic Charaeterization of Hepatoma Membrane 

As  s h o w n  in Tab le  3, subf rac t ion  1.16 g /ml  h a d  the h ighes t  5 ' -nuc leo-  

t idase,  M g + + - A T P a s e  a nd  ( N a  + + K + ) - A T P a s e  activities. C y t o c h r o m e  c 

oxidase  was  unde tec tab le  in a n y  f r ac t ion  while g lucose -6 -phospha ta se  was  

m e a s u r a b l e  on ly  in f r ac t ion  1.14 g/ml.  

H e p a t o m a  adeny la te  cyclase h a d  the  h ighes t  act ivi ty  in the  f r ac t ion  1.14 

a n d  1.16 g /ml ;  however ,  on ly  in the  lat ter  was  the e n z y m e  f o u n d  to  be 

sensitive to  ep inephr ine  and  to  a lesser extent  to  g l u c a g o n  [27, 28]. F r a c t i o n  

1.12 g /ml  s h o w e d  a similar  h o r m o n e  sensit ivity (not  shown)  bu t  its low 

Table 3. Enzymic characterization of plasma membrane fractions of Yoshida hepatoma a 

Enzymes No. Hepatoma plasma membranes Liver 

of 1.12 b 1.14 1.16 membrane 
exp. 

5'-Nucleotidase c 5 2.8 -t-0.3 2.9 +0.3 4.0 ___0.2 24.1 
Mg++-ATPase c 5 3.0 -t-0.3 4.2 +0.3 5.6 _0.1 24.1 
(Na++K+)-ATPase c 3 2.1 _+0.4 2.4 -t-0.3 4.2 •  5.9 
Glucose-6-phosphatase ~ 3 ND 0.07-t-0.01 ND 1.25 g 
Cytochrome e oxidase d 3 ND ND ND ND 
Adenylate cyclase e 3 0.22_+0.01 0.57___0.06 0.60• 6.5 
cAMP-phosphodiesterase f 3 12.1 __+1.7 14.8 ___3.2 13.7 +2.2 8.5 

a Data are means-t-SE. Liver membranes were isolated according to Ray [20]. 
b Density (g/ml). 

lamoles Pi/mg membrane protein/hr. Pi = inorganic phosphates. 
'~ gmoles substrate oxidized/mg protein/hr. ND, not detected. 
e nmoles cAMP/mg protein/hr. Assayed in the presence of 10 mM aminophylline. 
f nmoles adenosine/mg protein/15 rain (substrate was 8 x 10 -6 M). 
g Taken from Ray [20]. 
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Table 4. Phospholipid composition of hepatoma and liver plasma membranes a 

Hepatoma % Liver c % 
(mg phospholipid/100 mg membrane protein)d 

Phosphatidylcholine 7.98 • 0.16 31 7.96-/- 0.17 36 
Sphingomyelin 4.25_+0.08 17 3.44_--+0.14 15 
Lyso-phosphatidylcholine 0.30--+ 0.02 1 0.92_+ 0.03 4 
Phosphatidylethanolamine 3.77-t-0.08 15 3.75_+_+0.05 17 
Phosphatidylserine 3.39-+0.07 13 2 . 3 6  0.2 11 
Phosphatidylinositol 1.86-+ 0.06 7 1.46_-+ 0.12 7 
Phosphatidylglycerol 1.12-+ 0.06 4 0.85__ 0.02 4 
Phosphatidic acid b 1.48-+ 0.04 6 0.67+_ 0.03 3 
Unidentified I 0.38-+ 0.02 1 0.29__+ 0.03 1 
Plasmalogens traces - ND e _ 
Origin 0.94-+ 0.06 4 0.8 -+ 0.06 4 

a Data are means of three separate experiments-t-sE. Membranes d 1.16 were used. 
b May include cardiolipin. 
c Data taken from Ref. [22]. 
a The values were obtained by multiplying gg P/100 mg membrane protein per 25. 
The total lipid P accounted for was 98% for hepatoma and 100% for liver plasma 
membranes. 
e ND = not detected. 

and variable yield hampered  any fur ther  study. Cyclic A M P  phospho-  

diesterase activity assayed at 8 x 10-6M substrate concent ra t ion  was equally 

distr ibuted in the fractions. 

A compar i son  of heavy subfractions f rom hepa toma  and liver membrane  

indicate that  while the chemical composi t ion  showed minor  differences, 

marked  ones could be detected as far  as the activity of some enzymes is 

concerned.  As a mat ter  of fact, 5 '-nucleotidase activity was sixfold, Mg § +- 

ATPase  was about  fourfold  and adenylate cyclase was 10-fold lower in 

hep a toma  than  in rat  liver membrane .  On the other  hand,  ( N a + +  K+) - 

ATPase  activity was ra ther  similar to that  of liver plasma membrane ,  while 

a higher cyclic A M P  phosphodiesterase activity was observed. The phos- 

pholipid composi t ion  is given in Table 4. H e p a t o m a  membrane  contained 

some phosphol ipids  (mainly phosphatidylserine and phosphat idic  acid) in a 

higher a moun t  than liver membrane .  

A compar ison  between different hepa toma  membranes '  phosphol ip id  

composi t ions  utilizing results repor ted  in the l i terature [12, 32, 33] is shown 

in Table  5. The data  are expressed as rat io between the per cent of phospho-  

lipid of liver and hepa toma  membrane ;  this to take into account  the dif- 

ferences in the me thodo logy  employed to isolate liver membranes  and to 
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Table 5. Ratio % phospholipids of liver plasma membrane/per cent phospholipids of 
tumor plasma membrane according to various authors 

Phospholipid Present study van Hoeven and Wood et al. 
and Ref. [22] Emmelot [12] a [32, 331b 

Phosphatidylcholine 1.13 1.45 1.27 1.07 0.95 
Sphingomyelin 0.91 0.93 0.73 1.03 0.60 
Phosphatidylethanolamine 1.12 0.81 0.89 0.98 1.33 
Phosphatidylserine 0.79 1.05 1.37 3.03 1.14 
Phosphatidylinositol 0.89 1.30 2.0 1.72 1.24 
Phosphatidylglycerol 0 . 8 8  . . . .  
Lysophosphatidyl choline 3.72 0.70 - 0.36 0.13 
Phosphatidic 0.52 0.66 0.92 0.31 1.39 

acid + cardiolipin 

a The data are from hepatoma 484 (left) and from hepatoma 484 A (right). 
b The data are from Ehrlich ascites cells. The two columns refer to two different experi- 
ments. 

fractionate phospholipids which is probably responsible for the differences 

in phospholipid composition reported for liver plasma membrane (see also 

Ref. [12]). It can be observed that the ratios relative to the major phospho- 

lipids are in the same range; however, a marked difference is observed as 

far as lysophosphatidylcholine is concerned. 

Discussion 

Plasma membranes were isolated from Yoshida hepatoma by dis- 

continuous gradient fractionation. The three subfractions isolated in the 

final gradient were identified as plasma membrane by electron-microscopy, 

by the assay of marker enzymes and by chemical composition. It may be 

recalled that two subfractions have been isolated from liver plasma [9] and 

nuclear membranes [14], from the plasma membranes of chick fibroblasts 

[18] and from the plasma membrane of human blood platelets [2]. Three 

subfractions have been obtained from plasma membrane of SV 40 virus 

transformed fibroblasts and of in vivo growing hamster tumor cells. From 
membrane of untransformed cells two subfractions were separated [23]. 

The heterogeneity of plasma membrane preparations from rat liver and 
hepatomas has already been stressed [3, 13], but the functional and bio- 
synthetic relations among these membrane subfractions is yet unclear. It 

should, however, be noted that the distribution of plasma membrane 
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fragments after homogenization may greatly depend on the mode of homo- 
genization [6, 30]. Although the presence of multiple surface membrane 
fractions which have different well-defined densities and different enzyme 
activities raises interesting possibilities, it is to be pointed out that the 
presence of membranes at layers of different density may be due to artifacts 
produced during homogenization of cells or, more likely, to the use of a 
discontinuous gradient which would produce distinct fractions from a 
continuous spectrum of membrane densities. On the other hand, when we 
tried to apply continuous gradient fractionation to hepatoma membranes 
we observed a rather disturbing variability in the sedimentation behavior 
of membranes which, in addition, affected the activity of the marker enzymes 
assayed. 

According to Graham [10], the membrane subfractions may reflect the 
presence of specialized regions of the cell surface, which are structurally 
and functionally distinct. Moreover, the different enzymic activities in the 
subfractions may be an expression of some changes which occur in the 
surface membrane during cell cycle. 

Electron-micrographs revealed that while fraction 1.16 g/ml was free 
from contaminations, fractions 1.12 and 1.14g/ml appeared to contain 
some microsomes. On the other hand, the assay of glucose-6-phosphatase 
indicated detectable activity only in the latter fraction. Fraction 1.14 con- 
tained high adenylate cyclase activity but the enzyme was insensitive to 
both epinephrine and glucagon (not shown). Fraction 1.12 g/ml had the 
lowest yield, a very low specific activity of marker enzymes and a low phos- 
pholipids content. Therefore, we considered fraction 1.16 g/ml as the best 
preparation of plasma membrane from the hepatoma and we decided to 
further study its chemical composition and to compare it to the plasma 
membrane preparation of the same density from rat liver. Our results on 
phospholipid compositions are in accordance with the observation of 
van Hoeven and Emmelot [12] that no uniform differences characterize 
hepatoma from liver plasma membranes. 

We are aware that when one tries a comparison between membrane 
preparations from different tissues one has to be extremely cautious. This 
is particularly true in this case where we compare a heterogeneous Cell 
population such as liver with a relatively homogeneous cell population. 

A second problem is the difference of the environmental conditions of 
growth and it would be desirable to have the possibility to compare liver 
cells and Yoshida cells grown in the same experimental conditions. At pre- 
sent, however, as far as we know, such possibility does not exist. 
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I t  is likely, however ,  tha t  changes of adhesiveness or  cell surface archi- 

tecture,  which have been described for  cells t r ans fo rmed  by  chemical  carci- 

nogens [31], m a y  affect  adenylate  cyclase which appears  to be general ly 

located in the p l a sma  m e m b r a n e  of m a m m a l i a n  cells [9, 16, 19, 25]. There-  

fore, the lower activity and  the al tered h o r m o n a l  response  of the enzyme in 

Yosh ida  h e p a t o m a  m a y  have  a funct ional  meaning.  We  have recently found  

tha t  cyclic A M P  levels of this h e p a t o m a  are lower  and less sensitive to 

ho rmones  than  in no rm a l  liver [29]. 
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Professor O. Barnabei (Contract 70.0091904). The authors wish to thank Prof. A. Fon- 
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advice and for kindly providing Yoshida hepatoma; and Prof. Dr. P. Endes (Institute 
of Pathology, Medical University of Debrecen, Hungary) for electron-microscopic 
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