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Mouse embryonal carcinoma (EC) cells have been 
used as a model to study early embryonic develop 
ment, since s~il~ities between EC cells and uncom- 
mitted cells have been described [l-4]. EC cells will 
differentiate in vitro either spontaneously or in 
response to appropriate stimuli [5,6] to give rise to a 
variety of cell types in which derivatives of all 3 germ 
lines can often be identified. These differentiated 
derivatives generally lack the malignant properties of 
the original cells. Undifferentiated EC ceils are rounded 
and only loosely attached to the substratum. Indirect 
immunofluorescence studies with antibodies against 
actin have shown that EC cell actin is not organized 
in stress fibres, but is distributed diffusely in the 
cytoplasm or concentrated in surface structures [7]. 
During differentiation, cells flatten, adhere more 
strongly to the substratum, and acquire characteristic 
arrangements of well-developed actin cables [7]. Dif- 
ferences between EC cells and differentiated deriva- 
tives have also been observed by measuring alkaline 
DNase activity. This enzyme activity is easily detected 
in EC cefls when extracts are made at low ionic 
strength, whereas it is undetectable in differentiated 
cells under the same conditions [8]. Immunofluores- 
cence studies on deoxyribonuclease in mouse terato- 
carcinoma cells using specific DNase-I IgG antibodies 
have shown that the staining patterns are quite differ- 
ent in EC cells (amorphous cytoplasmic fluorescence 
and absence of nuclear staining) and in differentiated 
derivatives (diffuse, bright granular and fibrillar fluo- 
rescence) [9]. 

The idea that reorganization of microfilament- 
containing structures in cells might involve a controlled 
exchange of actin between unpolymerized and fila- 
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mentous forms was first proposed in [ 101 for the 
spreading of cells on solid substrates and has since 
been applied to a variety of cellular processes (reviewed 
f 1 I]). Biochemical support for this hypothesis has 
been obtained from the stimulation of human platelets 
[ 12 ,131, using an actin assay based on differential 
inhibition of DNase I by monomeric and filamentous 
actin [ 141. Here, we present measurements of actin 
pools, using the same DNase i~bition assay, in 
extracts of EC cells and of a fibroblast-like cell line 
derived from them. The results show that the propor- 
tion of actin in the unpolymerized pool from EC cells 
is about twice as high as that from the differentiated 
derivative, providing a biochemical marker for the 
reorganization of actin during differentiation. 

It is ch~acteristic of extracts of non-muscle cells 
that unpolymerized actin is present at a significantly 
higher concentration than that expected from the 
properties of purified actin Ill]. The stability of this 
unpolyme~zed state can in several cases be attributed 
to combination of actin with the basic protein profilin, 
an inhibitor of actin polymerization [15-l 81. Prelim- 
inary experiments demonstrate the presence of a 
prowls-lye protein associated with unpolymerized 
actin in extracts of both EC cells and the differenti- 
ated derivative, 

2. Experimental 

The cell lines employed here and the cuiture con- 
ditions have been described in [19,20]. PCC3/A/l and 
PCC4Aza have been used as EC cells. PCD3, a Bbro- 
blast-like cell line derived from PCC3/A/ 1 was used as 
the differentiated derivative. 

Cell extracts were made by scraping the cells from 
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the substratum and then gently homogenizing in lysis 

buffer (I 50 mM NaCl, 5 mM Tris-HCl (pH 7.5), 
2 mM MgClz, 0.1 mM dithiothreitol, 0.2 mM ATP, 

0.5% Triton X-100) by several strokes with a glass 
Potter homogeniser. About 1-2 X lo7 cells were 

extracted in 0.5-0.7 ml lysis buffer. Aliquots were 
taken for measurement of DNase inhibitor activity 

before and after treatment with guanidine-HCl (final 
cont. 0.75 M in 0.5 M Na-acetate, 10 mM Tris-HCl 

(pH 7 S), 0.5 mM CaClz, 0.5 mM ATP), by the method 

in 1141. 

3. Results and discussion 

Discrimination between unpolymerized and fiia- 

mentous actin by the DNase inhibition assay in model 
systems is based on the different rates of interaction 
between DNase and the 2 forms of actin, so that 

under the conditions used inhibition by monomeric 

actin is essentially complete before appreciable inhibi- 
tion from the filamentous form is detected. Unpoly- 
merized actin is thus measured as the direct inhibitor 
activity of a sample; the total amount of actin is deter- 
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mined in the same way after depoiymerization of fila- 

ments with guanidine-HCl [ 141. Since the assay 
distinguishes 2 actin pools in cell extracts by the same 

criteria, these pools are referred to as unpolymerized 
and filamentous actin, even though the situation in 

cell extracts may not be so simple. 
The results of DNase I in~bition measurements on 

extracts of PCC3 (undifferentiated) and PCD3 (fibro- 
blast-like) cells are shown in fig.1. From the first mea- 
surements, 3 min after lysis, the unpolymerized actin 
pool in the PCC3 extract represents -75% of the 
total actin, and this distribution is stable over 60 min 
at 0°C. Similar results were obtained with PCC4Aza 
cells (not illustrated). Corresponding figures for the 
extract of PCD3 cells are 35% shortly after lysis, rising 
to an essentially stable 45% of the total after -40 min. 
In separate determinations, the difference in actin dis- 
tribution between the cell types was maintained, 
although the absolute proportions of unpolymer~ed 
actin varied from 75-90% for PCC3 and from 

32-50% for PCD3, and slight differences in the stabil- 
ity of the actin pools were seen. The difference in 
actin distribution was also maintained when extracts 
were made from frozen cells. 

Time after cell lysis lmlnutesl 

F&l. DNase I inhibitor activity in extracts of PCC3 and PCD3 cells. Extracts of (a) PCC3 and (b) PCD3 cells were prepared and 
assayed for inhibition of DNase I as ln section 2. Extracts were kept on ice throughout the experiment. Results are expressed as 
the activity measured directly (0, representing unpolymerized actin) as a % of the mean of determinations after guanidine hydro- 
chloride treatment of the extract (0, representing the total actin). The 100% values were 33 100 units/ml for PCC3 and 
24 800 units/ml for PCD3 extracts, where 1 unit inhibitor activity is defined as that amount giving 1% inhibition of the standard 
amount of DNase I. Inhibitor at 30 000 units/ml corresponds roughly to actin at 0.3 mg/ml [ 141. 
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It would be tempting to correlate the measure- 
ments of actin pool in extracts with the results of 

immunofluorescence studies on the differentiation of 
EC cells [7], and to draw the conclusion that the dif- 

fuse staining of undifferentiated cells represents a 
pool of unpolymerized actin in the cell. However, it is 

equally possible that the diffuse staining arises from 

individual actin filaments which are not resolved in 
the light microscope and which depolymerize imme- 

diately upon cell lysis, giving the high proportion of 

unpolymerized actin in the extracts. Neither immuno- 
fluorescence studies nor the pool analyses presented 
here can determine the organizational state of actin 

within the cells, but it is clear that measurement of 
actin distribution by the DNase inhibition assay pro- 
vides a quantitative indicator of the reorganization of 
actin accompanying differentiation. 

The basic protein profilin is known to inhibit poly- 
merization of actin in vitro, and has been observed in 
a complex with unpolymerized actin from a variety 
of sources [ 1 S- 181. In preliminary experiments to 
characterize the unpolymerized actin pools in extracts 
of PCC3 and PCD3 cells, lysates were centrifuged at 
high speed to remove filamentous actin, and the super- 

natants analysed by chromatography on Sephadex 
G-100 in lysis buffer without Triton X-100 (not illus- 

trated). Most of the actin, detected both by DNase 
inhibitor activity and by SDS-polyacrylamide gel 

electrophoresis, eluted close to the position expected 
for monomeric actin. Electrophoretic analysis also 
revealed the presence in extracts of both PCC3 and 

PCD3 cells of a protein which coeluted with actin 

from the columns and comigrated with profilin from 
calf spleen (mol. wt 16 000) on the gels. The unpoly- 

merized state of at least part of the actin in extracts 
of PCC3 and PCD3 cells thus seems to be maintained 
by combination with a profilin-like protein. A general 
role has been suggested for profilin as a regulator of 
the polymerization state of actin in non-muscle cells 
[ 111, so that actin filaments would be formed from a 

profilin-actin complex in response to specific signals. 
It should be of interest to investigate what role, if any, 
is played by profilin in the reorganization of actin 
during differentiation of EC cells. 
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