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Plasma membranes from normal rat livers and rat liver tumors were compared by SDS-gel electrophoresis, 
and analyzed for actin-binding proteins by an 12Sl-labelled actin gel-overlay assay and by actin-affinity 
blotting After treatment of rats with a-hexachlorocyclohexane and after induction of liver tumors by 
combined treatment with N-nitrosomorpholine and phenobarbital, liver plasma membranes prepared from 
these animals were found to be highly enriched in an actin-binding, 50 kDa polypeptide. This polypeptide 
seemed to be an integral protein of the plasma membrane as judged by Triton X-ll4-phase separation. 
Microsomes did not contain an actin-binding polypeptide in the 50 kDa region. Therefore, the 50 kDa 
protein is a candidate for interaction of actin with the liver cell plasma membrane. A possible relationship of 
this protein with the multi-specific, cholate transporting system of the rat liver plasma membrane is 
discussed 

Introduction 

In hver and other non-muscular cells [1,2], actm 
m filamentous form is mainly located in the cyto- 
cortex, close to the plasma membrane [3] In par- 
t~cular, a contractde system exists around the bde 
canahcuh as demonstrated by time-lapse cine- 
matography [4] The congruent location of actm, 
myosin, and tropomyosm beneath the plasma 
membrane of bile canahcuh has been shown in 
our laboratory by lmmunofluorescence micros- 
copy, and by staining with rhodarmnyl phalloidm 
[5] The actm-speclfiC poisons, phalloldln and cy- 
tochalasln B and D interrupt contractde move- 
ments of this system m cultured hepatocytes [6,7], 
and they lead to dramauc changes of the surface 
of isolated liver cells [8,9], presumably because 
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they &sturb the ordered interaction between 
mmcrofilaments and the plasma membrane [10,11] 
Nottung is known about the insertion of F-actm m 
the liver plasma membrane This led us to look for 
actin-bmdlng proteins associated with the plasma 
membrane of hepatocytes In the present study, 
we examined the binding of 125I-labelled actm to 
partially renatured protein bands of SDS-poly- 
acrylam~de gels w~th the gel-overlay techmque [12] 
and by means of an actm-affimty blot In ad- 
dmon, we report prehmmary results of applying 
both methods to the comparison of different 
plasma membrane preparations from control 
hvers, from livers of rats treated with a-hexa- 
chlorocyclohexane, from rat hver tumors induced 
by N-mtrosomorphohne as mmator  and pheno- 
barbital as promotor, and from a rat hepatoma 
cell line (AS-30 D) which originally was reduced 
by treatment w~th Y-methyl-4-d~methylaminoazo- 
benzene [13] 
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Materials 

Bolton-Hunter reagent, mono-125I-subst~tuted, 
was obtained from Amersham Buchler, Braun- 
schweig, F R G ,  chemicals for gel-electrophoresls, 
PMSF, Triton X-114, ATP from Serva, Heidel- 
berg, F R G ,  enzyme substrates from Boehrlnger 
Mannheim. Mannhelm, F R G ,  enzymes and 
other proteins from Sigma, Taufklrchen, F R G .  
mtrocellulose from Schlelcher & Schuell, Dassel, 
F R G All other reagents used were of the highest 
purity grade available commercially 

Methods 

Membrane preparattons Plasma membranes 
were prepared from perfused rat hvers, sohd rat 
hver tumors, or AS-30 D cells, usually according 
to Touster et al [14], with the modified sucrose 
gradient [15] the supernatant obtained after 
centrifugatlon (1000 × g, 10 mln, 33000 × g, 7 5 
mln) of liver or hepatocytes homogenate was 
spinned down at 75 000 x g and the 'rmcrosomal 
pellet' (Touster nomenclature) resuspended In 49% 
sucrose (final concentration) to be separated 
through a stepwlse gradient of 8 5, 26, 34, 49% 
sucrose overmght This method has been shown to 
enrich the sinusoldal plasma membranes as vesicles 
[14] In some cases, membranes were prepared 
according to Hubbard et al [16], or Inoue et al 
[17] The Hubbard method purifies plasma mem- 
branes from the 'nuclear pellet' by a different 
sucrose gradient leading to membranes as sheets 
and no enrichment of one domain of the hepato- 
cyte plasma membrane [16]. whereas the method 
of Inoue et al [17] uses a mixed Ficoll /sucrose 
gradient as an alternative way for the enrichment 
of the sinusoidal domain 5'-Nucleotldase and glu- 
cose-6-phosphatase were determined as marker 
enzymes for plasma membranes and microsomes, 
respectively [18] With AS-30 D cells, winch have 
only low 5'-nucleotldase activity, ( N a + + K + ) -  
ATPase was determined instead [19] In all cases, 
10/~M PMSF was added at the moment of tissue 
homogenization, and the plasma membrane frac- 
hons taken from the sucrose gradient were washed 
once before further analys~s 

Mlcrosomes were prepared according to De 
Duve et al [20]. and the final pellet resuspended 
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and spht into several fractions by the same sucrose 
gradient as in Ref 15 

Pretreatment of rats For induction of the cyto- 
chrome P-450 system and liver growth, Wlstar 
rats were given doses of 150 m g / k g  body weight 
a-hexachlorocyclohexane in olive oil on the 1st, 
3rd and 5th day Membranes were prepared 36 h 
after the last dose For tumor induction, rats were 
given a single dose of N-nltrosomorphohne (275 
mg/kg) ,  and then over a period of six month 50 
m g / k g  phenobarbital daily Hepatectomy was 
performed according to Hlgglns and Anderson 
[21], 12 h before sacrificing the animals 

Radtolonlnatton of actln Highly purified rabNt 
skeletal muscle actm was prepared according to 
Pardee and Spudich [22] The final purification 
step was performed by gel filtration over Ultrogel 
AcA 44 Only the trailing fractions were used in 
order to avoid contamlnatmn by 'capping pro- 
terns' G-actin was dialyzed 6 h against borate 
buffer (see below) Bolton and Hunter reagent [23] 
was coupled to 30-50 ~g protein, contamed m not 
more than 50 ~1 of borate buffer, according to the 
instructions of the producer The reaction was 
stopped with 9 volumes 2 M glycme in borate 
buffer after 20 mln, kept on ice for 30 mln, and 
then taken up in one volume 0 2% bovine serum 
albumin in borate buffer This solution was di- 
alyzed against G-buffer (see below), and then 
stored at 4°C 

Gel-overlay and affinity-blot SDS-polyacryla- 
mlde mlmgels (0 5 mm thick) were run according 
to the method of Laemmh [24], in a nuniaturized 
system as described by Matsudmra and Burgess 
[25] Both gels and running buffer contained 1 
mM EDTA 

The gel-overlay procedure was essentially that 
of Snabes et al [12] with the modifications of 
Schleicher et al [26] After electrophoresls, the 
gels were fixed in 25% 2-propanol/10% acetic 
acid, then washed with 10% ethanol, blocked with 
overlay buffer (see below) containmg 5% bovine 
serum albumin, incubated with a2SI-actln over- 
mght, then washed with overlay buffer and Tns- 
buffered sahne, dried and exposed to Kodak 
XAR-5 X-ray film 

The actln-afflnity electroblot was performed as 
described by Towbln et al [27], using Tween 20 as 
blocking agent [28], with iodinated actin replacing 



112 

the antibodies Depending on the gel area, nitro- 
cellulose sheets were incubated overnight with 
50 000-200 000 cpm 12s I-actln 

In thts first approach, we employed two rena- 
turlng methods from SDS gels, one by washing 
out denaturing agents from the gel without remov- 
mg the separated polypepttde bands from their 
location, the other by stripping off SDS from 
polypeptldes transferred to the nitrocellulose 
membrane Only when both methods gave coincid- 
ing results, we regarded thts as prehmlnary mdica- 
tlon of an actln-blndlng protein 

Solubthzanon of membrane proteins Hydro- 
phihc and hydrophoblc membrane proteins were 
phase separated according to the Triton X-114- 
method of Bordler [29] Plasma membranes were 
solubihzed with 1% Triton X-114 in Trls-buffered 
saline at 0°C and centnfuged 10 min at 100000 x 
g The supernatant was incubated at 37°C, then 
centrifuged at 6000 × g at room temperature, re- 
sultlng in the separation of an upper hydrophfllC 
and a lower hydrophobic phase Both phases were 
restored to about the original sample volume, the 
upper phase with 1% Triton X-114, the lower 
phase with Trls-buffered saline, redissolved In the 
cold, incubated again at 37°C, and centrifuged at 
6000 × g These washed hydrophIhc and hydro- 
phobic phases were used for further analysts 

Buffers G-buffer 2 mM TrIs-HC1 (pH 8 0 ) / 0  2 
mM A T P / 0  5 mM /3-mercaptoethanol/02 mM 

CAC12/0005% NaN 3 Overlay buffer 50 mM 
Trls-HC1 (pH 7 6 ) / 0  2% (w/v) bovine serum al- 
b u m i n / 0  25% (w/v)  gelat in/0 2 M NaC1/0  05gr 
NaN 3 As blocking solution, the same buffer con- 
tained 5% bovine serum albumin Borate buffer 
0 1 M sodium borate (pH 8 4 ) / 0  2 mM CaC1/ 
0 02% NaN 3 

Results 

Rat liver plasma membranes prepared by dif- 
ferent methods as described in Methods, and from 
rats with different pretreatment, could be com- 
pared all on one gel (Fig 1) Three such gels, 
identical m composition because they were cast m 
one block, were run in parallel for (a) protein 
staining, (b) gel-overlay with 1251-actln, and (c) 
affinity-blot with 125I-actm 

There ts a major difference m Coomassxe stain- 
mg between membranes prepared by different 
methods (Fig 1A, lanes b-e)  In particular, two 
additional bands at 32 kDa (which is strongly 
actm-blndIng) and about 160 kDa (which is weakly 
actln-blndmg, Fig 1C, lanes b-e)  were promi- 
nently observed wtth 'Hubbard  membranes' 
Coomasste staining of all other samples of plasma 
membranes appears rather smular But there is an 
enrtchment of the 50 kDa-band in membranes 
from the N-nl trosomorphohne/phenobarbi tal-  
reduced (solid tumor, Fig 1A, lane 0 as well as in 
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Fig 1 Companson of different plasma membrane preparations Three 10%-gels were loaded wtth ldenucal samples, each lane with 
the same amount of protein (20/xg) (A) Coomassle stain (B) Gel-overlay with 1251-labelled actm (C) Actm-afflnlty blot (a) Isolated 
hepatocytes (b) Membrane vesicles according to Inoue et al [17] (c) Membrane sheets according to Hubbard et al [16] (d) Same as 
m (c), double amount of protein (e) Membrane vesicles according to Touster et al [14] (f) Touster membranes from 2/3-hepatecto- 
m~zed rats, 12 h after operation (g) Touster-membranes from a-hexachlorocyclohexane-treated rat (h) Same treatment as m g but 
another ammal (0 Touster membranes from sohd rat hver tumor (inductmn by N-mtrosomorphohne, promotion by phenobarbitol) 
Further details see Methods Sample b was kindly provided by Dr M Taefler 
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Fig 2 Comparison of plasma membranes with mlcrosomal membranes (A) Coomasste stain (B) I251-Actin-affinlty blot (a) Touster 
membranes from normal rat liver (b) Touster membranes from N-nitrosomorphohne-lnduced rat hver tumor (c 1) Fractions 1-7 
from sucrose gradient centrifugation of the rmcrosomal pellet prepared from normal rat hver Activity of glucose-6-phosphatase 
relative to 5'-nucleotidase was (lane in brackets) 0 6 (c) 36 7 (d) 9 8 (e), 1 6 (f), 1 7 (g), 3 1 (h) 0 0 (1) Electrophoresls was performed 
as described in Fig 1 20 #g protein per lane 

one sample f rom a-hexachlorocyclohexane-treated 
animals (no visible tumor,  lane h) This shght 
difference in general protein staining comes out 
very strong both  with the gel-overlay and the 
affinity-blot assay of  ac t ln-blndmg (Fig lB. C) 

A control with rat liver macrosomes was neces- 
sary because our plasma membrane  preparat ions 
were not totally free from microsomal enzyme 
activity Phenobarbi tal  and possibly also a- 
hexachlorocyclohexane induce cy tochrome P-450 
species m the range of  52-53  kDa  [30,31] We had 
to exclude the posslbthty that the 50 kDa  band  
could be ascribed to a contaminat ion  with these or 
similar rmcrosomal proteins After  sucrose gradi- 
ent centrlfugatlon of  the macrosomal pellet, the 
fraction with the highest relative acuvlty of  glu- 
cose-6-phosphatase contained only a faint 50 kDa  
band  with little or no actln binding (Fig 2A. B, 
lane d) Reversely. in those fractions which con- 
tam a h~gher propor t ton  of  5'-nucleot~dase, attrt- 
butable to plasma membranes,  a 50 kDa  band 
with ac tm-blndmg proper ty  is clearly to be seen 
(details in legend to Fig 2) That  the enrichment 
of  the 50 kDa-band  is not  necessarily a property 
of  t ransformed liver cells can be inferred from Fig 
3, which compares  plasma membranes  from nor-  
mal rat hvers with those from AS-30 D ascites 

! ~ ii ̧ 
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Fig 3 Plasma membranes from rat liver and AS-30 D ascltes 
hepatoma cells (a, a') Normla rat hver plasma membranes (b, 
b') AS-30 D plasma membranes Both simples were prepared 
according to Touster et al [14] with the only difference that 
AS-30 D cells were homogemzed with the aid of a French press 
prior to differential centnfugatlon (a b) Coomassme stain (a', 
b') Gel-overlay with I25I-actin Electrophoresls was performed 
as in Fig 1, with 20 #g protein per lane 
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Ftg 4 Gel-overlay assay with Tnton X-114 fractlonated rat 
hver tumor plasma membranes Phase separation was per- 
formed according to Bordler [29] 10% gels were loaded with 20 
/tg protein per lane (a, a') Detergent phase (b, b') Hydrophdlc 
phase (a, b) Coomassle-stamed gel (a', b') Gel-overlay with 
12s l-labelled actm 

hepatoma cells, a more dedlfferentmted cell line. 
originally induced by 3 ' -methyl-4-dimethyl-  
amanoazobenzene [13] These plasma membranes 
neither show any enrichment of the 50 kDa band, 
nor any actm-bmding to be detected in the corre- 
sponding actm-overlaid gel (Fig 3, lanes a, a ')  

Prellrmnary investigations of the location of the 
actin-bindmg 50 kDa protein (peripheral / intr in-  
sic) by phase separation with Triton X-114 were 
indicative of an integral, detergent-soluble mem- 
brane component  (Fig 4) Analyzang plasma 
membranes  from the N - n l t r o s o m o r p h o h n e /  
phenobarbital-induced tumor, we found an actin- 
binding band at 50 kDa in the hydrophoblc as 
well as in the hydrophihc phase (Fig 4, lanes a', 
b')  The same splitting was observed with 
Coomassle staining (lanes a, b) At the same time, 
however, the hydroptuhc subfractlon seems to be 
shghtly larger (lanes a, a ')  

D i s c u s s i o n  

As we have demonstrated, the mode of mem- 
brane preparation significantly influences the con- 
tent of actln-blnding protems tn the plasma mem- 
branes analyzed Therefore, we generally used only 
one preparation method (Touster et al [14]) for 
comparisons between normal and pretreated rats 
In plasma membranes of hvers from rats treated 
with the tumor promoting a-hexachlorocyclohe- 
xane and from rat hver tumors deduced from an 
ml t la t ton /promot lon  treatment wtth N-nitroso- 
morpholme plus phenobarbttal,  the relative pro- 
portion of the 50 kDa  band was much tugher than 
m controls This cannot be due generally to cell 
proliferation, because there is little dtfference be- 
tween membranes from normal rats and from 
those that have been 2/3-hepatectomized in order 
to mduce liver regeneration (Fig 1 A - C ,  lane f) It 
is unlikely, that the 50 kDa actln-bmdmg poly- 
peptlde band enriched m a-hexachlorocyclohex- 
ane-treated rats represents a mlcrosomal protein 
(Fig 2) As demonstrated by phase separation, the 
50 kDa band, including it's ac tm-bmdmg activity, 
seems to be an integral membrane protein Thus, 
though the function of the 50 kDa actm-blndmg 
protein m liver plasma membranes is not at all 
understood, we suspect ~t may be a candidate for a 
site of direct actin-bmdlng to the plasma mem- 
brane 

There are other act ln-bmdmg polypeptlde bands 
on the gels shown, most of which seem to disap- 
pear from the plasma membranes of rat livers 
chemically induced with a-hexachlorocyclohexane 
and also from those of the N-ni t rosomorphohne/  
phenobarbital-reduced liver tumor This may be 
due to the relative enrichment of the 50 kDa band 
On the other hand, the Coomassie staining pattern 
does not show such drastic differences in protein 
content It should be noted, that high-molecular- 
weight proteins are misrepresented, because the 
density of the gels used for the gel-overlay method 
imposes restrictions on the renaturing process of 
longer polypeptide chains Also, high-molecular- 
weight polypeptldes are eluted less easily by elec- 
trophoresls during the blotting procedure, as can 
be demonstrated with lower-percentage gels (data 
not shown) 

Further experiments will have to be done on 



the nature of actm-bmdmg m these tests in the 
presence of ATP a n d / o r  m the absence of Ca 2÷ 
and other agents influencing the interaction of 
actln with other proteins For  biochemical and 
functional characterization of an Identified actm- 
binding protein it will be necessary to purify it 
from membrane preparations 

Another posslbdlty for the function of the 50 
kDa actin-blndmg protein is rinsed by the com- 
parison of normal rat liver plasma membranes and 
plasma membranes from As-30 D cells These 
cells, though deduced from hver tumor, ap- 
parently lost several properties of hepatocytes In 
earlier studies, a total deficiency of cholate (and 
phallotoxln) transport in As-30 D cells was found 
[32] A 50 kDa (48 kDa, according to other workers 
[331) polypeptide is suspected to be a component 
of the Na+-dependent multi-specific bde salt 
transport system of hepatocytes [34] This system 
is absent m AS-30 D hepatoma cells, and is re- 
duced in regenerating livers [35] An affinity label 
for this transport system labelled mainly proteins 
in the 50-54 kDa region of plasma membranes 
from ~solated hepatocytes but not those from AS- 
30 D cells [34] At present, speculations concern- 
ing a pamclpatlon of actm in bile acid transport 
are premature It cannot be excluded, that the 50 
kDa regton contains addmonal, non actln-blndmg 
polypeptxde bands, that could account for cholate 
affinity labelhng 
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