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A study was made of the association of actin with different plasma membrane fractions from liver of normal 
rats and from the enlarged liver of rats bearing a Walker 256 carcinoma where a decrease in the state of 
polymerisation of cytoplasmic actin has been previously observed. As estimated by the DNAase I inhibition 
assay, actin constituted approx. 7% and 3%, respectively, of the protein of membrane fractions enriched in 
lateral or bile-canalicular domains, but only trace amounts were found in the sinusoidal fraction. [3H]Cyto- 
chalasin B binding indicated the presence of 20 and 13 pmol of high-affinity binding sites per mg protein in 
lateral and bile-canalicular fractions, but none in the sinusoidal. K d for cytochalasin B binding was of the 
order of 1 nM for lateral and bile-canalicular fractions. Polypeptide profiles obtained by S D S / u r e a /  
polacrylamide gel electrophoresis of non-ionic detergent-insoluble residues differed for all three fractions 
although some proteins, including actin, occurred as major components of both bile-canalicular and lateral 
regions. Tumour growth had no effect on the actin content, high-affinity cytochalasin B binding or 
polypeptide profiles of the three membrane fractions. 

Introduction 

The growth of the Walker 256 carcinoma in the 
rat acts as a mitogenic stimulus to the host liver 
[1,2]. The resulting increase in liver cell prolifera- 
tion is accompanied by a decrease in the propor- 
tion of actin in a filamentous form suggesting an 
impairment in the polymerisation of cytoplasmic 
actin [3]. While the actin microfilament system in 
non-muscle cells is closely associated with the 
plasma membrane and is believed to modify its 
biochemical and morphological properties [4,5] it 
is equally evident that assembly"of cytoplasmic 
microfilaments can be altered through interaction 
with plasma membrane proteins initiating im- 
portant events such as differentiation and cell 
division [6,7]. This diversity of interactions be- 
tween microfilaments and plasma membrane may 
be effected by specialised domains of the plasma 

membrane. The plasma membrane of the mam- 
malian liver can be divided into three distinct 
domains; the sinusoidal, the lateral and the bile- 
canalicular which exhibit considerable specialisa- 
tion with respect to absorption, response to exter- 
nal stimuli, secretion, intercellular communication 
and attachment to neighbouring cells or the ex- 
tracellular matrix. While the presence of actin has 
been demonstrated in plasma membrane prepara- 
tions of rat liver [8-10] its relative abundance in 
the different domains, its association with other 
membrane proteins and its relationship to the 
cytoplasmic microfilament system remain to be 
established. 

In an attempt to obtain some insight into the 
nature of possible interactions between the liver 
plasma membrane and cytoplasmic actin we have 
prepared plasma membrane fractions enriched in 
one or other of the three domains from liver of 
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control and tumour-bearing rats and examined the 
nature of any association of actin with these frac- 
tions. 

Experimental 

Materials. Rat skeletal muscle actin was pre- 
pared according to Haverberg et al. [11]. Bovine 
serum albumin, cytochalasin B, dihydrocytochala- 
sin B, ethylene glycol bis(/~-aminoethyl ether)- 
N, N', N,N'-tetracetic acid (EGTA), p-nitrophen- 
yl-5'-thymidylate, concanavalin A, 5'-adenosine 
m o n o p h o s p h a t e ,  deoxyr ibonuc lease  I (EC 
3.1.21.1), p h e n y l m e t h a n e s u l p h o n y l  f luoride 
(PMSF) and Nonidet P-40 were obtained from 
Sigma Chemical Co. Ltd. Escherichia coli RNA 
polymerase (EC 2.7.7.6), bovine serum albumin 
and trypsin inhibitor were obtained from Boeh- 
ringer Corporation (London) Ltd., [4(n)-3H]cyto - 
chalasin B (17 C i /mmol )  was obtained from 
Amersham International p.l.c. 

Animals. Female rats of the Wistar strain of 
fasting body weight 180-200 g were inoculated in 
the dorsal region with a suspension of Walker 256 
carcinoma cells and maintained with weight-paired 
controls under conditions described previously [12]. 
Tumour-bearing animals along with controls were 
killed in the fasting state 9-10 days after tumour 
implantation when the mean tumour weight was 
14.6 g. 

Preparation of liver membrane fractions. Plasma 
membrane fractions enriched in either bile-canalic- 
ular or lateral domains of rat liver were prepared 
essentially as described by Wisher and Evans [13] 
and a fraction enriched in the sinusoidal domain 
as described by Touster et al. [14]. In both proce- 
dures the centrifugation time using discontinuous 
gradients was restricted to 3 h so that the total 
preparation time was less than 6 h. Aliquots of the 
initial homogenate and the final membrane frac- 
tions were frozen immediately in liquid nitrogen 
and kept in a frozen state until used for analysis. 

Analysis of plasma membrane fractions. Activi- 
ties of 5'-nucleotidase (EC 3.1.3.5) [15], phos- 
phodiesterase I (EC 3.1.4.1) [13], glucose-6-phos- 
phatase (EC 3.1.3.9) [16] and succinate dehydro- 
genase (EC 1.3.99.1) [17] were estimated by pub- 
lished methods. The actin content of the mem- 
brane fractions was estimated using the DNAase I 

inhibitor assay [18]. Protein was estimated accord- 
ing to Lowry et al. [19] using bovine serum al- 
bumin as standard. 

[~H]Cytochalasin B binding assays. These were 
carried out on isolated membrane preparations as 
described by Lin and Lin [20]. In some cases 
assays were performed in the presence of 0.7 M 
glucose or 7 • 10-5 M dihydrocytochalasin B. The 
data were graphed as Scatchard plots [21]. Radio- 
activity counting was carried out using a dioxan- 
based scintillator. 

Extraction of plasma membrane fractions with 
non-ionic detergent. Membrane fractions (1 mg 
protein) were suspended in 1 ml 10 mM sodium 
phosphate, pH 7.2 containing 0.145 M NaCI, 1 
mM PMSF, 0.5-1.5% (v/v)  Nonidet P-40, 1 mM 
Ca 2+ and 1 mM Mg 2+ and incubated for 30 min 
at 0°C. In some experiments the incubation was 
carried out in the absence of calcium ions by 
omitting these from the incubation and adding 
EGTA to a final concentration of 1 mM. The 
insoluble material remaining was obtained as a 
pellet by centrifugation at 100000 x g~v at 0°C for 
1 h. 5'-Nucleotidase and protein concentrations of 
the residue were estimated as described above. 

SDS-Polyacrylamide gel electrophoresis. Deter- 
gent-insoluble residues were incubated in the pres- 
ence of 1%(w/v) sodium dodecyl sulphate, 
1%(w/v) mercaptoethanol, 8 M urea, 1 mM PMSF 
in 10 mM sodium phosphate buffer, pH 7.0 for 2 h 
at 37°C and electrophoresed in 5%(w/v) poly- 
acrylamide gels according to Weber and Osborn 
[22]. Gels were stained for protein with 0.25%(w/v) 
Coomassie blue. 

Results and Discussion 

The distribution of the recognised plasma mem- 
brane marker enzymes 5'-nucleotidase and phos- 
phodiesterase I in the three fractions was similar 
to that reported by Wisher and Evans [13] (Table 
I). The specific activities of glucose-6-phosphatase 
and succinate dehydrogenase, markers for endo- 
plasmic reticulum and mitochondria, were similar 
to those observed by other workers [13,14]. 

The reductions in 5'-nucleotidase and phos- 
phodiesterase I activities observed in whole homo- 
genates from liver of tumour-bearing rats were 
reflected in the decreased specific activities of the 
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TABLE I 

DISTRIBUTION OF ENZYMIC ACTIVITIES IN .MEMBRANE FRACTIONS FROM LIVER OF CONTROL AND 
TUMOUR-BEARING RATS 

The mean weights of livers from control and turnout-bearing rats were 3.44-+0.07 (S.E.) and 4.33_+0.08 g per 100 g initial body 
weight. Enzyme activities are expressed as /.tmol substrate reacted per mg protein per h. Figures in parenthesis represent number of 
preparations. Results for 5'-nucleotidase and phosphodiesterase 1 are given as mean_+S.E., those for glucose-6-phosphatase and 
succinate dehydrogenase as average of two experiments. * Differences between values from tumour-bearing rats and corresponding 
controls statistically significant (P < 0.01, Student's t-test). ** Difference between value for tumour-rats and corresponding value for 
control animals statistically significant (P < 0.02, Student's t-test). 

Membrane fraction 

Whole Bile- Lateral Sinusoidal 
homogenate canalicular 

5'-Nucleotidase Control 0.92 _+ 0.07(7) 88.5 + 5.0(6) 22.5 + 2.0(8) 17.2 + 1.3(6) 
Tumour-bearing 0.58_+0.07(7) * 61.9_+7.5(6) ** 17.6_+1.4(8) 10.9-+ 1.0(6) * 

Phosphodiesterase I Control 2.62 + 0.01 (7) 162.3 -+ 6.9(6) 47.9_+ 5.6(8) 53.0 + 3.7(6) 
Tumour-bearing 2.13 _+ 0.06(7) * 107.3 _+ 8.7(6) * 38.7 -+ 3.2(8) 31.7 -+ 1.7(6) * 

Glucose-6-phosphatase Control 4.3(2) 2.1(2) 3.2(2) 4.2(2) 

Succinate dehydrogenase Control 6.0(2) 0.6(2) 1.8(2) 1.2(2) 

two enzymes  found  in b i l e -cana l i cu la r  and  
s inusoida l  f ract ions f rom these an imals  (Table  I) 
bu t  no s ignif icant  a l tera t ions  in activit ies were 
observed  in p repa ra t ions  of  la teral  domain .  

The  act in  conten ts  of  the three domains ,  esti-  
m a t e d  by  the D N A a s e  I inh ib i to r  assay are shown 
in Table  II .  In  the absence  of 0.75 M guanid ine-  
HCI  no act in  was es t imable ,  suggest ing that  all the 
act in  present  was in a po lymer i sed  form. Act in  
cons t i tu ted  7% of  the total  m e m b r a n e  p ro te in  of 
the la teral  fract ion,  2 -3% of  the pro te in  of  bile- 
cana l icu la r  f rac t ion but  only  trace amoun t s  were 
de tec tab le  in the s inusoidal  fract ion.  T u m o u r  
g rowth  had  no signif icant  effect on act in con- 
cen t ra t ion  in any of  the fractions.  

In the h u m a n  e ry throcy te  cy tocha las in  B b inds  
wi th  high aff in i ty  to two sites on the p l a s m a  
membrane ,  a sugar  t r anspor t  site and  a moti l i ty-re-  
la ted site. The  la t te r  has been shown to be the 
' b a r b e d '  or  fas t -growing ends of  act in f i laments  
which occur  as par t  of a cytoskele ta l  mat r ix  [23,24]. 

Fig. 1 shows that  cy tocha las in  B bound  with 
high aff ini ty  to bo th  the la teral  and  the bi le-can-  
a l icular  m e m b r a n e  fract ions but  not  to the 
s inusoidal  fract ion.  The presence of  0.7 M glucose 
d id  not  a l ter  the b ind ing  character is t ics  ind ica t ing  
the absence  of  cy tochalas in-sens i t ive  sugar  t rans-  

po r t  sites. The  high aff ini ty  b ind ing  was com- 
p le te ly  inhibi ted  by  7 . 1 0  -5 M d ihydrocy tocha la -  
sin B, conf i rming  that  only  ac t in -b ind ing  sites 
were involved since this cy tochalas in  der ivat ive 
b inds  only to this type of  high aff ini ty  site [25]. 
Sca tchard  plot  analysis  (Table  I I I )  showed that  the 
K d for the reac t ion  be tween the drug  and its 
b ind ing  sites on the b i le -canal icu lar  and  lateral  
membranes  was of  the order  of  1 nM, ind ica t ing  a 
very high aff ini ty  for cy tocha las in  and  its recep- 
tors. Bi le-canal icular  and  lateral  f ract ions from 
normal  rats  conta ined ,  respectively,  13 and 20 
pmoles  b ind ing  sites per  mg m e m b r a n e  prote in .  

TABLE II 

ACTIN CONTENT OF LIVER MEMBRANE FRACTIONS 
FROM CONTROL AND TUMOUR-BEARING RATS 

Actin was estimated by the DNAase I inhibitor assay [18]. 
Values are expressed as mean+S.E. Figures in parenthesis 
represent number of preparations. 

Membrane 
fraction 

,ttg actin per mg membrane protein 

Control Tumour-bearing 

Bile-canalicular (7) 27 _+ 2 22 + 3 
Lateral (7) 67 + 6 68 _+ 4 
Sinusoidal (6) 3 _+ 1 3 + 1 
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Fig. 1. Scatchard plots of the binding of cytochalasin B (CB) to 
plasma membrane fractions (50 ~g protein) from liver of 
control rats. Fractions were assyed in the absence (O) or 
presence of 0.7 M glucose (zx) or 7.10 -5 M dihydrocytochala- 
sin B (O). 

The ratio of pmoles actin to pmoles binding site 
suggests that actin is present as short filaments 
containing 49 and 83 molecules G-actin, respec- 
tively, in bile-canalicular and lateral fractions. 
These would appear to be longer than the actin 
oligomers associated with erythrocyte membranes 
where a figure of 10-17 monomers per binding 
site has been reported [26]. 

There was no alteration in the concentration of 
binding sites in either the bile-canalicular or lateral 
membrane preparations from tumour-bearing rats 
and the affinity of cytochalasin for these mem- 
branes was similar to that observed in control 
preparations. 

Treatment of plasma membranes of different 
cell types, with non-ionic detergents causes solu- 
bilisation of lipids and integral membrane proteins 
and leaves an insoluble residue of cytoskeletal 
proteins and associated membrane components. 
Actin has been shown to be a component of such 
residues prepared from erythrocytes and lympho- 
cytes [27-29], and was also shown to be a con- 
stituent of an insoluble residue remaining after 
extraction of a non-fractionated rabbit-liver mem- 
brane preparation with 1 or 2% Triton X-100 [9]. 
In the present work 65% of the protein from 
lateral and sinusoidal regions of rat liver mem- 
brane and 60% of that of the bile-canalicular re- 
gion were extracted with solutions containing 
0.5-1.5% Nonidet P-40 while approx. 70% of the 
5'-nucleotidase activity was retained in the de- 
tergent-insoluble residues. 

The polypeptide profiles obtained by poly- 
acrylamide gel electrophoresis of the detergent-in- 
soluble residues of plasma membrane fractions 
from liver of normal rats is shown in Fig. 2. A 
major band which co-electrophoresed with a puri- 
fied sample of rat skeletal muscle actin was pre- 

TABLE III 

BINDING OF CYTOCHALASIN B TO HIGH AFFINITY BINDING SITES IN MEMBRANE FRACTIONS FROM LIVER OF 
CONTROL AND TUMOUR-BEARING RATS 

Data. corrected for binding to low affinity sites, are expressed as mean _+ S.E. Figures in parenthesis represent number of preparations. 

Membrane Number of binding sites (pmol /m g  protein) K a (nM) 
Fraction 

Control Tumour-bearing Control Tumour-bearing 

Bile-canalicular (3) 13 + 1 11 +_ 1 1.4 _+ 0.09 1.6 4-_ 0.24 
Lateral (4) 20 _+ 2 19 _+ 1 0.8 _+ 0.9 1.2 _+ 0.03 
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Fig. 2. SDS-polyacrylamide gel electrophoresis of Nonidet P- 
40-insoluble residues of rat liver plasma membrane fractions. 
Track I, sinusoidal preparation; track 2, bile-canalicular pre- 
paration; track 3, lateral preparation; track 4, lateral prepara- 
tion extracted with detergent in absence of Ca 2+ ions. Samples 
were analysed by electrophoresis on 5% polyacrylamide gels 
and stained with Coomassie blue. Closed arrowheads indicate 
the position of migration of rat muscle actin: open arrowheads 
indicate the position of a band of apparent molecular weight 
68000 which was absent when Ca 2+ ions were omitted from 
the extraction medium. The position of the marker proteins (E. 
coli RNA polymerase, bovine serum albumin and trypsin in- 
hibitor) are shown. 

sent in preparations from the bile-canalicular and 
lateral domains but was absent from preparations 
from the sinusoidal fraction. Although bands cor- 
responding to molecular weights 227000, 124000, 
98000, 83000, 68000, 33000 and 19000 were pre- 
sent in preparations from both bile-canalicular 
and lateral fractions, the relative intensities of 
some of these differed in the two preparations, 
those corresponding to proteins of molecular 
weights 124000 and 83000 being particularly 
prominent in the bile-canalicular preparations. 
Major protein bands of molecular weights of 
208000 and 160000 were unique to lateral prep- 
arations while prominent bands with molecular 
weights of 170 000 and 150 000 were only observed 
in bile-canalicular preparations. The detergent-in- 
soluble residue from the sinusoidal fraction showed 
few, if any, protein components common to the 
residues from the other two fractions. The poly- 
peptide composition of the insoluble residue re- 
maining after extraction of lymphocyte plasma 
membrane with 1% Nonidet P-40 was shown to be 

dependent on the presence of Ca  2+ ions. In the 
absence of Ca  2 + ions, proteins of molecular weights 
68000, 55 000, 3300 and 28000 were extractable 
by the detergent solutions [30]. When liver mem- 
brane fractions were extracted with Nonidet P-40 
in the presence of 1 mM EGTA but absence of 
added Ca 2+ ions, the disappearance of the 68000 
molecular weight protein from insoluble residues 
of the lateral (Fig. 2) and bile-canalicular fractions 
(not shown) was observed but no other alterations 
in polypeptide profiles were apparent. Prepara- 
tions of the three liver membrane domains from 
the tumour-bearing rat gave an electrophoretic 
pattern which showed no apparent differences from 
those from control animals (data not shown). 

The low amounts of actin present in the 
sinusoidal fraction, the lack of cytochalasin bind- 
ing and the absence of actin from the detergent-in- 
soluble residue suggest that if there is any interac- 
tion between cytoskeletal actin and this membrane 
fraction it must be of a different nature from those 
occurring at the other two domains. Indeed any 
such association of actin with the sinusoidal region 
might well be expected to be of a more labile form 
since it is mainly at this surface that external 
stimuli interact with receptors to induce motile 
and proliferative responses of the cell. 

The results obtained in the present work indi- 
cate that the alteration in the state of polymerisa- 
tion of actin in the cytoplasm of the liver of the rat 
in response to the growth of the Walker 256 
carcinoma [3] is not associated with any marked 
change in plasma membrane-associated actin. 
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