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Enhanced number of actin binding sites on plasma membranes 
of polyoma virus-transformed fibroblasts 

A n n a  K o f f e r  a n d  A l a s d a i r  E d g a r  

Department 9f Biophysics, King's College and M RC Cell Biophysics Unit. London (U. K.) 

(Received 16 January 1989) 

Key words: Cell transformation; Microfilament-membrane interaction; (Hamster kidney cell) 

Plasma membranes, isolated from nmmal (CI3) and polyoma virus-transformed (JI)  cultured BHK cells were incubated 
with G-actin under polymerizing conditions, followed by a low-speed centrifugation. The amount of actin attached to the 
pelleted BHK, J I  plasma membranes was at least twice that on BHK-CI3 membranes, indicating a greater number of 
netin attachment sites on the former. This result was confn'med by the observation that the pLx~ma membranes from the 
transfmated cells were also more active in nucleating polymerization of pyrene-lahelled acti,J. Most of the actin 
attachment sites could be solubilized by THton or low-salt extraction treatment. 

Transformation of cultured cells is accompanied by 
dramatic changes in the distribution of the cytoskele~i 
elements, such as disappearance of stress fibers, reduc- 
tion in the number of f~a l  adhesions and the enlarge- 
ment of cortical actin networks [1-3]. Changes in the 
content of actin and some of the actin-associated pro- 
teins have also been reported [4-6]. 

The following work extends our previous studies [6l 
of the effects of transformation on the content and state 
of actin in baby hamster kidney cells, and is concerned 
with the attachement of extraneous rabbit skeletal 
muscle G-actin to plasma membranes of normal (BHK- 
21/C13) and polyoma virus transformed (BHK-J1) cul- 
tured fibroblasts. The comparison of the amounts of 
aetin, attached per mg of plasma membrane protein, 
reflecLs the relative numbers of actin attachment sites in 
normal and transformed cells. The capacities of the two 
types of the plasma membranes to nucleate polymeriza- 
tion of pyrene-lahelled actin were also compared. 

Materials  and  Methods.  The  cells. Normal (BHK- 
21/C13) and polyoma virus transformed (BHK-JI) cells 
[7] were grown in large roller bottles in Dulbecco's 
modified Eagles's medium with 10~ foetal calf serum 
and treated with trypsin (0.5 mg/ml)  in 0.5 mM EDTA 
before harvesting. The cells were washed three times 
with ice-cold 0.145 M NaCI in 10 mM Tris, 0.1 mM 
EGTA, 1 mM MgCi 2 (pH 7.8). 

(present address): A. Koffer. Department of Experi- 
mental Pathology, Univerfity College I.ondoa, University Street, 
London WCI£ 6JJ, U.K. 

The membranes.  Approximately 4 volumes of a hypo- 
tonic solution containing 20 mM NaCI, 2 mM MgCI ,, 1 
mM EGTA, 0.2 mM DTT, 0.2 mM ATP, 0.5 mM 
phenylmethylsulphonyl fluoride (PMSF), 20 mM Pipes 
(pH 7A) (buffer A) were added to the washed cells, 
followed afro:" 15 minutes by the same volume of 1 M 
sucrose in buffer A. A mixture of proteinase inhibitors, 
leupeptin, chymostatin, antipain and pepstatin (all from 
Sigma), at a final concentration of ! ~tg/ml each. was 
also included in buffer A during the ceh lysis. 

The suspension was sonicated 2 x 10 seconds, ho- 
mogenized in a motor-driven Potter homogenizer and 
the lysate centrifuged for 5 rain at 3000 x g to pellet the 
nuclei. The post-nuclear supernatant was then centri- 
fuged for 90 rain at 3°C 100000 x g. The pellet ob- 
tained by high-speed centrifugation was homogenized in 
20 ml of 0.5 M sucrose in buffer A with the above 
proteinase inhibitors and the suspension overlaid (4 x 5 
mi) on 5 ml of 50¢$ sucrose in buffer A. After an 
overnight centrifugation at 100000×g in an SW41 
rotor (Beckman L2-65 centrifuge), the plasma mem- 
branes were collected from the interface, diluted and 
homogenized with about 20 ml of 0.5 M sucrose in 
buffer A to remove any residual cytoplasmic con- 
tamination and pelleted by a 20 nun centrifugation at 
20000 × g. The pellets were homogenized in buffer A 
and the membrane protein concentration adjusted to 
about 1 mg/ml. The specific activity of 5'-nucleotidase 
(an enzyme marker for plasma membranes) was about 
20-times higher than that in the call lysate, well within 
existing literature values [8]. The yields, the degree of 
5'-nucleotidase enrichment and the ratios of cholesterol 
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to protein (approx. 110 / tg /mg)  were similar for both 
types of plasma membranes. Low salt-treated plasma 
membranes were prepared by extracting the membrane 
pellets with 0.1 mM EDTA, 0.6 mM Tris-HCI (pH 7.5) 
for 1 h at 30°C.  

Attachment ofactin. Rabbit skeletal muscle actin was 
prepared according to Spudich and Watt [9]. The muscle 
G-actin (final concentration 1-3/~M) was incubated 2 h 
at 3 0 ° C  with the membranes (final protein concentra- 
tion 0.3 mg/ml). The ionic conditions were those of 
buffer A. After the incubation, the mixtures were 
centrifuged for 20 min at 2 0 0 0 0 x g ,  at 20°C,  the 
pellets rinsed with the buffer A, dissolved in an SDS- 
sample buffer and analyzed by SDS-PAGE on 5 -17~  
gradient gels. To estimate the relative amounts of  actin 
bound to the plasma membcanes, Coomassic blue 
stained gel slices correspondit,g to actin bands were 
eluted with 1 ml of  60~ form;c acid and absorbance 
measured at 620 nm. 

Nucleation of actin polymerization. The ability of  
plasma membranes to nucleate actin polymerization 
was assayed by fluorimetry using pyrene-G-actin, as 
described previously [10]. 

r e e l  a t o m  

~tO0-- mma 

Results and Discussion. Attachment ( a to plasma 
membranes was studied by polymer extraneous 
skeletal muscle G-actin in the presenc,: the mem- 
brane fraction, followed by a sedimentation and an 
SDS-PAGE analysis of the membrane pellets. Fig. 1 
shows the increased amount of  actin associated with the 
membranes after an incubation under actin polymeriz- 
ing conditions (compare lanes 2 and 3). As expected, 
the attachment is sensitive to vigorous mechanical agita- 
tion (lane 4) due to the breakage of the filaments, which 
then fail to sediment with the membranes. We have 
therefore avoided any agitation of  the sample during the 
experiment. The aPachment was abofished when the 
membranes were denatured by boiling (lane 5). No  
actin attachment was observed when the incubation was 
performed in the actin depolymerizing buffer (0.2 mM 
CaCI 2, 0.2 mM ATP, 0.2 mM DTI ' ,  2 mM Tris-HCl, 
pH 7.5, not shown). 

To compare the number of  the actin attachment sites 
on plasma membranes from normal and polyoma 
virus-transformed BHK cells, the following experiment 
was performed: the two types of  membranes were 
matched for protein concentration, incubated with G- 
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Fig. L Attachment of actin to plasma met~ranes L~olated from BHK-C]3 cells. O-actin (final concentration 3 FM) was incubated 100 rain at 
30 °C with the membranes (0.3 mg/ml) in buffer A, cemtifuge~ 20 min at 200(]0 x g and the pellets analyzed by SDS-PAGE. (|) Molecular weisht 
markegs; (2) the membranes alone; (3) the membranes with acfin; (4) as (3) but the sample was mixed vigoroasly prior to the centrifugation; (5) as 

(3) but the m~brancs were heated for 5 rain in a boiling water bath prior to the incubation; (6) actin alone. 
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Fig. 2. Association of actin with plasma membranes from normal (C]3) and polyoma virus transformed (Jl) BHK cells. Experimental conditions 
were the same as in Fig. 1 except for the concentration of actin which was 2.2 /~M. (i) Molecular weight markers: (2) actin alone; (3) the 
Cl3-membranes with actin; (4) the Jl-,membranes with actin; (5)° (6) and (7) as (2), (3) and (4). respectively, but in :he pr~ence of 1% Triton 
X-100; (8) and (9) actin with Iow-sah extracted C13- and Jl-membranes, respectively, (10), (11) and (12) as (2). (3) and (4) but in the presence of 7 

pM free calcium ions. 

ac t in  u n d e r  po lymer i z ing  c o n d i t i o n s  a n d  f inal ly cent r i -  
fuged  a t  low speed.  T h e  pel le ts  were ana lyzed  by  
S D S - P A G E  (Fig.  2, lai tes 2, 3, 4). S imi lar  e x p e r i m e n t  
was  p e r f o r m e d  in the  p re sence  o f  T r i t on  X-100 (Fig.  2, 
l ane s  5, 6, 7), c a l c ium (Fig. 2, l anes  10, 11, 12) a n d  wi th  
m e m b r a n e s  ex t rac ted  by  low ionic  s t r eng th  bu f fe r  (Fig.  
2, l anes  8,9). 

Af t e r  C o o m a s s i e  b lue  s ta in ing ,  the  gel slices cor re -  
s p o n d i n g  to ac t in  b a n d s  were cu t  ou t  a n d  the  dye  
eluted.  T h i s  al lows a q u a n t i t a t i o n  o f  the  a t t ached  act in .  
T h e  resul ts  a re  s h o w n  in Tab l e  1. It c a n  be  seen tha t  in 
all cases,  the  a m o u n t  o f  ac t in  a t t a ched  to  the  pel le ted  
BHK-J1  m e m b r a n e s  is at  least  twice tha t  on  B H K - C I 3  
m e m b r a n e s .  T h e  p resence  o f  T r i ton  X-100 in the  in-  

TABLE ! 

Estimation of the relative amounts of actin bound to the two type:" of plasma membranes 

Coomassie blue stained gel sfioes corresponding to actin bands were cut out from the gel as shown in Fig. 2 and the stain ehited into 1 nd of 60% 
formic acid. The absorbance was measured at 620 nm. 

Conditions: Buffer A Buffer A + 1% Tnton Buffer A + Iow-sah Buffer A 
X-100 extracted membranes +calcium 

Membranes: C13 Jl C13 JI C13 J! Ci3 JI 

Absochance (620 rim) 0.091 0.184 0.020 0.046 0.030 0.091 0.074 0.171 
(control subtracted) 

Attached act/m: ratio J I /CI3  2.0 2.3 3.0 2.3 
% of attached actin relative 100 100 22 25 33 49 81 93 

to conditions in Buffer A 
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cubation mixtures caused a reduction of about 75~ in 
the amount of pelleted actin, which suggests that the 
attachment sites are mostly Triton-soluble. However, 
the presence of Triton X-100 did not abolish the in- 
creased amount of actin on the remaining membrane 
cytoskeletons from BHK-JI cells, indicating that the 
difference is not duc to any possible differences in the 
sidadness of the vesicles. After low-salt extraction, the 
membranes capacity to attach actin was reduced by 
about 60~. Calcium ions had only a small effect on the 
a t t a d m e a c  

Polymeri~timt of the extraneous G-actin in the pres- 
of the two types of membranes solubilized by 

Tritom X-100 was observed using fluorimetry with 
Ipjleg~labdled derivative of actin [11]. The presence of 
Imcki for actin polymerization is revealed by the ab- 
sence of the la8 phase, i.e. the time required for the 
formation of the nuclei. Plasma membranes isolated 
from BHK-JI cells were more active in nucleating actin 
polynmri~tion than those from BHK-C13 cells (Fig. 
3A) .  a~mlqi inglk~tinga a g r e a t e r  number of actin attach- 
meat sites. To exclude any lateral attachment of self- 
nudmted  poi3nme~ the experiment was also performed 
trader conditions where polymerization is entirely de- 
peadent on the presence of the membranes (Fig. 3A, 
imet). The same enhanced activity of BHK-J1 mere- 

was observed, which allows us to conclude that 
:tim ~ of BHK-JI ceils contain a greater num- 

of mg:kation sites for the end-on attachment. Again, 
.the ~ of Tritoa in the incubation mixtures 
dimimates any problems connected to sidedness (such 
m a possibility of a greater number of 'inside-out' 
vesicles in the BHK-JI membrane preparations). 

Like the ability to attach actin filaments (Fig. 1, lane 
5). the plasma membrane nucleating activity was lost on 

(Fi&. 3B). Thus, the attachment is specific and 
depmulent on native nucleation sites on the men.branes. 
After low salt extraction, most but not all of the 
mtcleating activity has been lost and both types of 
plasma membranes exlfibLed a small inhibitory effect 
on the polynmrization rate (Fig. 3D). 

Such effects were sometimes observed even with the 
whole membranes, particularly in the presence of 
calcium (Fig. 3C). Under these conditions, the nuclea- 
tion of actin polymerization by both BHK-JI and -C13 
membranes was clearly apparent (note the absence of 

299 

the lag phase), although the polymerization rate was 
slower than that of the control. This could be explained 
by, for example, a growth from the pointed end. How- 
ever, it seems that actin-regulatory activities associated 
with plasma membranes arise from a complex mixture 
of proteins and lipids and only after characterizing the 
individual components will it be possible to understand 
the overall effects of the membranes on polymerization 
of actin in different ionic conditions. Following frac- 
tionation of plasma membrane Triton extract on a 
Sepharose 4B column, we have already established the 
presence on the membranes of a low molecular weisht 
actin monomer-sequesterin$ protein, the actin-depo- 
lymerizin 8 factor [12] and of another, so far unidenti- 
fied protein, which inhibited the rate of actin poly- 
merization (unpublished results). These two activities 
were present in both types of plasma membranes to 
about the same extent. 

Our results clearly indicate a significant enhance- 
merit in the number of actin attachment sites on plasma 
membranes following transformation of BHK cells by 
the polyoma virus. These results are consistent with the 
previous observations of enriched cortical actin net- 
works in transformed cells. 

This research was supported by a grant from the 
Medical Research Council. 
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