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Tropomyosin is decreased in transformed cells
(Rous sarcoma virus/MC29 retrovirus/methylcholanthrene/cytoskeleton/protein blotting)
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ABSTRACT The steady-state level and synthesis of a pair of
polypeptides of Mr 33,000 and 35,000 in chicken embryo fibro-
blasts (CEF) transformed by Rous sarcoma virus (RSV) are sig-
nificantly decreased relative to normal CEF; however, the de-
crease is more pronounced in the case of the Mr 35,000
polypeptide. These polypeptides have been identified as the aand
.8 subunits ofCEF tropomyosin by selective staining with tropomy-
osin antibody, two-dimensional gel electrophoresis, partial pep-
tide analysis, and solubility properties. The decrease in tropomyo-
sin is shown to be a transformation-specific phenomenon in that
it does not occur after infection with a virus deleted in src se-
quences. Decreased synthesis of tropomyosin is also observed in
quail cells transformed by MC29 (a retrovirus with a different onc
gene than that in RSV) and also in chemically transformed quail
cells. The decrease in tropomyosin is probably not a direct result
of the disruption of the microfilament system in transformed cells
because disruption of the microfilament system with trypsin or
cytochalasin B in normal CEF does not lead to a decrease in tro-
pomyosin synthesis. A decrease in tropomyosin in CEF after trans-
formation may be a result of a pleiotropic effect that results in the
transcriptional inactivation not only of the tropomyosin gene but
also of the fibronectin and procollagen genes described by others.

Malignant transformation of cells is characterized by cellular
changes in (i) growth and hexose transport, (ii) adhesiveness and
motility, and (iii) shape and organization of the cytoskeleton
(1-3). Recently, cases have been reported that show changes
in genomic transcription after malignant transformation. Trans-
formation ofchicken embryo fibroblasts (CEF) by Rous sarcoma
virus (RSV) leads to an activation of embryonic globin genes
(4) and to an overall increase in genomic transcription corre-
sponding to 1000 new transcription units (5). Furthermore,
RSV-transformed CEF synthesize less collagen and fibronectin
than do normal CEF, and this effect is due to a lower rate of
transcription of these genes in transformed CEF (6-10).

There long has been an interest in examining normal and
transformed cells for differences in the form or level of cyto-
skeletal proteins because transformed cells almost always show
morphological differences from normal cells, and they are
known to have an altered cytoskeleton (3). In this report we
show that the steady-state level and the synthesis of tropomyo-
sin, especially the (&subunit, are considerably lower in RSV-
transformed CEF than in normal CEF. The decrease in tro-
pomyosin synthesis may play a role in the disruption of the cel-
lular cytoskeleton after transformation.

MATERIALS AND METHODS
Cells and Viruses. CEF were dissected from the region of

the developing breast muscle of 11-day-old virus-free chicken
embryos (H and N Farms, Redmond, WA) and grown as de-
scribed (4). In some cases, primary fibroblast cultures were

prepared from the whole embryo minus the head and feet. (All
fibroblast cultures, regardless of origin, proved to be identical
for the purposes of this investigation.) Tertiary cultures were
infected with the Prague strain C of RSV and the transforma-
tion-defective Prague strain of RSV (td RSV) as described (4).
Normal quail cells, quail cells virally transformed by MC29
(Q8), quail cells chemically transformed by methylcholanthrene
(QT35) (11), and all viruses were kindly provided by M. Linial.
All cells were cultured in plastic tissue culture dishes as de-
scribed (12) and harvested in logarithmic phase.

Preparation ofCell Extracts. Cells were scraped from tissue
culture dishes with a rubber policeman, washed twice with
phosphate-buffered saline and washed once with 0.15 M NaCl/
0.015 M sodium citrate, pH 7. Whole cell extracts were pre-
pared by lysing cells in either acetic acid/urea gel sample buffer
[8 M urea/6% (vol/vol) acetic acid/O.002% 2-mercaptoethanoV
2 mg of protamine sulphate per ml (Sigma)] or NaDodSO4 gel
sample buffer [0.05 M Tris HCl, pH 6.8/1% NaDodSO/1%
2-mercaptoethanol/10% (vol/vol) glycerol] and, for acid/urea
extracts, pelleting the insoluble material by centrifugation. For
preparation of cytoplasmic extracts, cells were lysed in reticu-
locyte standard buffer [0.01 M Tris HC1, pH 7.4/0.01 M NaCV
3 mM MgCl2] containing 0.25% Nonidet P-40 (NP-40) (British
Drug House) and 1 mM phenylmethylsulfonyl fluoride. The
lysate was centrifuged to pellet nuclei, and the supernatant was
lyophilized to dryness and resuspended in gel sample buffer.
For preparation of EDTA extracts, the reticulocyte standard
buffer/NP-40-insoluble pellet was suspended in 5 mM EDTA,
pH 7/1 mM phenylmethylsulfonyl fluoride, mixed, and recen-
trifuged to a pellet. The supernatant was then lyophilized to
dryness and resuspended in gel sample buffer. Contents of the
EDTA-insoluble pellet were analyzed by suspending this pellet
directly in gel sample buffer followed by electrophoresis.

Labeling of Cells. Cells were pulse-labeled for 3 or 15 min
at37C with [3S]methionine (a giftfrom R. Eisenman) at30,Ci/
ml (1 Ci = 3.7 x 1010 becquerels) in methionine-free minimal
essential medium containing 2.5% (vol/vol) dialyzed calfserum.
Then the cells were extracted. For experiments involving tryp-
sin treatment prior to labeling, cells were treated with 0.05%
trypsin for 5 min as described (12) and maintained as round cells
by gentle gyration at 37C in a sterile plastic tube for 7 hr prior
to the addition of [3S]methionine. In experiments involving
cytochalasin B, cells were incubated with cytochalasin B at a
concentration of 2 AM as described (13) for 2 hr prior to the
addition of [3S]methionine. The same concentration of cyto-
chalasin B was maintained during the labeling period.

Gel Electrophoresis. Slab gel electrophoresis was conducted
with a minigel apparatus (8 x 10 cm plates; Idea Scientific,
(Corvallis, OR) as described (14). NaDodSO4 gel electropho-

Abbreviations: CEF, chicken embryo fibroblasts; RSV, Rous sarcoma
virus; td RSV, transformation-defective Prague strain ofRSV; rTM, rab-
bit skeletal muscle tropomyosin; NP-40, Nonidet P-40; P1/NaCl, phos-
phate-buffered saline.
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resis was performed with the stacking gel and discontinuous
buffer system described by Laemmli (15); discontinuous acetic
acid/urea gel electrophoresis (16) and two-dimensional gel elec-
trophoresis (17) were as described.

Samples for NaDodSO4 gels were suspended in 0.05 M
Tris-HCl, pH 6.8/1% NaDodSO41% 2-mercaptoethanol/10%
(vol/vol) glycerol and were briefly heated to 100C before ap-
plying to gels. Samples for acid/urea gels were suspended in
8 M urea/6% (vol/vol) glacial acetic acid/0.002% 2-mercapto-
ethanol/2 mg of protamine sulfate per ml and were briefly
heated to 370C before applying to gels. Minigels were run at
130 V for 2-3 hr. After electrophoresis, the gels were fixed and
stained for protein for 20 min in 50% (vol/vol) methanol/10%
glacial acetic acid/0.25% Coomassie brilliant blue R, destained
in 10% methanol/10% acetic acid, and then, in the case of la-
beled samples, treated for fluorography with EN3HANCE
(New England Nuclear). After being dried, the gels were ex-
posed to Kodak XR-5 x-ray film at -700C. Gels and x-ray films
were scanned with a Zeineh soft laser scanning densitometer.

Gel Blotting and Antibody Labeling of Proteins. Proteins
were transferred from polyacrylamide gels to nitrocellulose by
diffusion as described (18). Two nitrocellulose replicas of each
gel were made, one ofwhich was stained with 0.1% aniline blue
black/10% acetic acid/43% methanol, and the other was used
for antibody labeling. Antibody prepared to tropomyosin from
the smooth muscle of chicken gizzard was a gift from J. Croop
and H. Holtzer. Authentic rabbit skeletal muscle tropomyosin
(rTM) was a gift from E. Fischer. The procedure used for an-
tibody labeling of the filter was a modification of that described
by others (19, 20). The nitrocellulose replicas were placed into
phosphate-buffered saline (PJNaCl; 10 mM Na phosphate, pH
7.4/0.1 M NaCl) containing 5% (vol/vol) bovine serum albumin
for 2 hr at 370C. Filters were then rinsed in PJNaCl and in-
cubated overnight at 4°C in PJNaCV5% albumin containing
antiserum diluted 1:100. To remove unreacted antibody, filters
were washed once at room temperature in PJNaCl for 10 min
and twice in PJNaCV0.05% NP-40, followed by a brief rinse
with PJNaCl again. Filters were then placed into PJNaCV5%
albumin containing "2I-labeled Staphylococcus aureus protein
A (105 cpm/ml; provided by C. Kane) for 4 hr at 4°C. Unbound
"2I-labeled protein A was washed free of the filters by washing
first in PJNaCl, then in PJNaCV0.05% NP-40, and finally in
PJNaCl again. Filters were blotted dry on Whatman 3MM
paper, covered with Saran Wrap, and autoradiographed at
-70°C using Kodak XR-5 x-ray film with an intensifying screen.

RESULTS AND DISCUSSION
Decrease in Tropomyosin in RSV-Transformed CEF. When

CEF grown in culture are extracted with nonionic detergents
such as NP40 or Triton X-100, the insoluble material that re-
mains include nuclei and the cellular cytoskeleton (21-23).
When this insoluble residue was extracted with 5 mM EDTA
(pH 7), the major proteins that were solubilized (Fig. 1C) in-
cluded a protein ofMr 45,000, identified as actin by comigration
with authentic actin in NaDodSO4 gels (data not shown), and
two polypeptides of Mrs 33,000 and 35,000, putatively identi-
fied as CEF tropomyosin.

The Mr 33,000 and 35,000 putative tropomyosin subunits
were more readily visualized if the 5 mM EDTA cytoskeletal
extracts of normal CEF and CEF transformed by RSV were
analyzed on a discontinuous acetic acid/urea gel system (16),
which gave excellent resolution. In addition, because most of
the extracted proteins migrated toward the anode under these
conditions, the gels also gave a striking enrichment for tropomy-
osin, which migrated toward the cathode as demonstrated with
rTM (not shown). Fig. 1A shows that there is a dramatic dif-
ference between the relative amounts oftropomyosin (indicated

by arrows) in normal cells and in RSV-transformed cells. No
reproducible differences were observed in the amount of actin
extracted by this procedure or in the amount of actin in whole
cell extracts.

Relative to overall protein content, the amount of the faster
migrating tropomyosin subunit (a) from the transformed cells
was reproducibly less than halfthe amount ofthe a subunit from
the normal cells as determined by densitometry. More striking,
however, is the observation that the slower migrating subunit
((3) was virtually absent in the transformed cells-only trace
amounts being detectable by staining. The relative difference
in the amount of tropomyosin subunits between normal and
RSV-transformed cells was reflected also in the protein pattern
on NaDodSO4 gels (Fig. 1C). Two-dimensional gels (acid/urea
in the first dimension and NaDodSO4 in the second) indicated
that the a and (3 bands of the acid/urea gels correspond to the
a and / tropomyosin bands as identified on the NaDodSO4 gels
(not shown). In Fig. 1A, the overall protein patterns, excluding
the two tropomyosin bands, of the normal CEF and RSV-trans-
formed CEF extracts appear very similar. This tends to argue
against cell-type specific proteolysis contributing to the loss of
tropomyosin in the RSV-transformed cells. Also in support of
this argument is the finding that when RSV-transformed CEF
and normal CEF were mixed prior to lysis and extraction, the
ratio of the intensities of the P and a subunits in the mixture
was exactly what was expected by the simple addition of the
band intensities in the separate extracts (not shown).

It is possible that the amount of tropomyosin in the RSV-
transformed cells is equal to that in normal cells, but tropomyo-
sin is not quantitatively extracted with 5mM EDTA. However,
analysis of all cellular fractions, generated during the prepa-
ration of the EDTA extract, showed this not to be the case (not
shown). In support ofthis conclusion, when whole cells (normal
and RSV-transformed CEF) were dispersed in acetic acid/urea
sample buffer and equal amounts of material were analyzed on
an acetic acid/urea gel (Fig. 1B), again it was clear-at least in
the case of the more easily resolved (3 subunit-that tropo-
myosin was considerably reduced in the transformed cells. A
similar result was also obtained when whole cell extracts were
resolved on NaDodSO4 gels and tropomyosin was stained with
tropomyosin antiserum.

Synthesis of the a and IB Polypeptides. The difference in the
steady-state amount of tropomyosin (as revealed by Coomassie
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FIG. 1. Gel electrophoresis of EDTA-soluble proteins and whole
cell extracts. All gels are stained with Coomassie blue. (A) Gel (15%
acetic acid/urea) containing EDTA-soluble proteins from the NP4O-
insoluble pellet of cells. The T sample was run in duplicate. (B) Gel
(15% acid/urea) containing proteins solubilized from whole cells by gel
sample buffer. (C) Gel (15% NaDodSO4) containing the same protein
samples as applied to gelA. N, normal cells; T, transformed cells; a and
,8, two subunits of tropomyosin (24, 25). a-Tropomyosin is not easily
resolvedfrom contaminating proteins by Coomasie blue staining of the
NaDodSO4 gel shown in C (see Fig. 4).
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blue staining) between normal CEF and RSV-transformed CEF
may be a result of different levels of synthesis or, alternatively,
different turnover rates. To examine these alternatives, cells
were pulse-labeled with [fS]methionine and whole cell extracts
and EDTA extracts of the NP-40-insoluble preparations were
analyzed on acetic acid/urea gels.

Fig. 2 shows autoradiograms of acid/urea gels containing la-
beled EDTA extracts and labeled whole cell extracts of normal.
and RSV-transformed CEF. Fig. 25 is the autoradiogram ofthe
Fig. JA stained gel, and Fig. 2D is the autoradiogram ofthe Fig.
1B stained gel. The stained gels of Fig. 1 A and B show that the
overall amount of protein in both the normal and RSV-trans-
formed CEF sanples was about equal; therefore, the differ-
ences in band intensities between the normal and RSV-trans-
formed CEF samples in the autoradiograms of Fig. 2 cannot be
accounted for by differences in loading. The autoradiogram of
the gel shown in Fig. 1A (i.e., Fig. 2B) shows that during a 15-
min pulse-labeling, the overall synthesis ofthe a and ,8 subunits
of tropomyosin was much lower in transformed cells than in
normal cells. Also, 8 synthesis was considerably less than a syn-
thesis in transformed cells-in agreement with the stained pat-
tern. When cells were labeled for only 3 min (Fig. 2A), again
it appeared that the level of synthesis of tropomyosin was con-
siderably less in the transformed cells. The decrease in -tro-
pomyosin synthesis also could be seen in whole cell extracts
after a 3-min pulse (Fig. 2D). (Because ofcomigrating proteins,
it was difficult to resolve the a-subunit in whole cell extracts.)
Therefore, it is unlikely that degradation of tropomyosin after
synthesis in transformed cells can account for the reduced levels
of the protein present in these cells, but rather most of the de-
crease in levels oftropomyosin in RSV-transformed CEF prob-
ably results from a decrease in the rate oftropomyosin synthesis.
The tropomyosin pattern of CEF infected with td RSV was

also examined. This virus replicates normally in CEF, but be-
cause of a deletion in the src gene, transformation does not oc-
cur. The synthesis pattern in Fig. 2C shows that the relative
amount ofeach tropomyosin subunit synthesized in td RSV cells
was virtually identical to that in the normal cells. This suggests
that the decrease in the relative amount oftropomyosin in RSV-
transformed CEF is a phenomenon resulting from the trans-
formation of the cell and not from viral infection per se. The
tropomyosin content of chemically transformed quail cells
(QT35) was also considerably lower than that of normal quail
cells, lending further support to the beliefthat this phenomenon
is due to a transformation-specific effect.
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FIG. 2. Synthesis of a and 83 polypeptides. Shown are autoradi-
ograms of 15% acetic acid/urea gels. Cells were labeled with
[tmSlmethionine for the times indicated,.and proteins of the cellular
fractionswere analyzed. (A-C) EDTA-soluble proteins from the NP-40-
insoluble pellet of cells. (B) Autoradiogram of the stained gel shown
in Fig. 1A. (D) Proteins solubilized from whole cells by gel sample buf-
fer; autoradiogram of the stained gel shown in Fig. N, normal cells;
T, transformed iells; td, cells infected with td RSV. Tropomyosin a and
,8 subunits are indicated by arrows.
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Identification of the a and / Polypeptides as Tropomyosin.
The a and / polypeptides were present along with a consid-
erable amount of actin in 5mM EDTA extracts of pellets re-
maining after lysing cells with reticulocyte standard buffer/
NP-40 (Fig. IC). Because the NP-40-insoluble material is
known to be enriched in cytoskeletal components (21, 22), this
observation together with their sizes, quantity, and solubility
properties suggested that these two polypeptides (a and /3)
could be the a and / subunits of tropomyosin. This hypothesis
was tested directly by using antiserum prepared against chicken
gizzard tropomyosin (provided by J. Croop) to label protein
transferred to nitrocellulose from acrylamide gels (18). Fig. 3
shows a NaDodSO4 gel of whole cells and an acid/urea gel of
EDTA-extracted NP-40 lysates stained with Coomassie blue.
The figure also shows the corresponding autoradiograms after
staining with the tropomyosin antiserum and labeling with '"I-
labeled S. aureus protein A. The specificity of the rabbit anti-
serum obtained against chicken gizzard tropomyosin has been
tested by double immunodiffusion and was found to crossreact
with preparations of chicken skeletal muscle tropomyosin,
chicken fibroblast tropomyosin, and rTM (J. Croop, personal
communication). The autoradiogram ofthe NaDodSO4 (Fig. 3A)
verifies that the tropomyosin antiserum crossreacted quite well
with rTM, which migrate somewhat more slowly than did
chicken tropomyosin (27). The reaction was more intense with
the /-subunit of rTM as seen by comparison with the stained
gel. A similar preference for the /-subunit was also seen with
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FIG. 3. Labeling of a and ( tropomyosin by selective reaction with
tropomyosin antibody. Protein samples were electrophoresed on
NaDodSO4 or acetic acid/urea gels, transferred to nitrocellulose, and
labeled with antibody and 125I-labeled S. aureis protein A. Duplicate
gels were run so that one was stained with Coomassie blue and the
other used for protein blotting onto nitrocellulose and labeling with
antibody. (A) NaDodSO4 gel containing proteins solubilizedcby gel
sample buffer from whole cells of RSV-transformed CEF (lane a), td-
RSV infected CEF (lane b), MC29 transformed quail cells (Q8) (lane
c), and chemically transformed quail cells (QT35) (lane d). Lane e
shows rabbit skeletal- muscle tropomyosin (rKM), which migrates
slightly slower than CEF tropomyosin. The same overall staining.pat-
tern is obtained whether whole antiserum (lanes a-e) or total IgG,
purified by affinity chromatography (26), is used (not shown). The
crossreacting proteins migrating slower than tropomyosin also appear
to be decreased in RSV-tranformed cells. (B) Acid/urea gel containing
proteins solubilized by 5mM EDTAfrom the NP-40-insoluble pellet of
normal CEF (lane a) and RSV-transformed CEF (lane b). The positions
of the a and p CEF tropomyosin subunits are indicated by arrows.
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chicken tropomyosin. In the NaDodSO4 gel (Fig. 3A) many
proteins were apparent after Coomassie blue staining; however,
the antiserum to tropomyosin selectively reacted with the two
polypeptides (indicated by arrows) that migrated as did the a
and (3 proteins previously shown to be decreased in RSV-trans-
formed cells. The reaction of the antibody with these proteins
from RSV-transformed cells was greatly decreased. Several
crossreacting proteins, migrating slower than tropomyosin,
were also stained by the antibody under these denaturing con-
ditions. The amount of these proteins also appeared to be de-
creased in RSV-transformed cells. A comparison of the Coom-
assie blue-stained acid/urea gel with its corresponding
autoradiogram (Fig. 3B) shows that the tropomyosin antiserum
reacted quite strongly with the two polypeptides (indicated by
arrows) described in the preceding sections. Here, again, the
reaction was much stronger with the larger ((3) subunit. Du-
plicate experiments with nonimmune serum (not shown)
showed no reaction with these proteins.
The a and (3 polypeptides described here were characterized

further by two-dimensional gel electrophoresis (fig. 4). Normal
CEF and RSV-transformed CEF were labeled with
[NS]methionine for 14 hr and extracted with EDTA. To half of
the sample from normal CEF, 10 pug of unlabeled rTM was
added as an internal marker (Fig. 4A). Among the major pro-
teins in the EDTA extract are actin and the putative CEF tro-
pomyosin. The a-subunit ofrTM comigrated with the (3-subunit
of the putative CEF tropomyosin (Fig. 4A). This was also seen
in the blot of the one-dimensional NaDodSO4 gel (Fig. 3). The
putative CEF tropomyosin (especially the (3-subunit) was con-
siderably decreased in the RSV-transformed CEF (Fig. 4C).
Most important, the a and (3CEF polypeptides showed essen-
tially the same relative isoelectric point as did rTM, and their
migration relative to actin on two-dimensional gels was similar
to that reported by others for tropomyosin from chicken muscle
cells (28). The two polypeptides, migrating slightly faster than
the CEF a and X polypeptides, seemed to be unrelated to the
a and (3 proteins for the following reasons: they appeared not
to be decreased in RSV-transformed CEF (Fig. 4C); they
seemed to be methionine-poor after steady-state labeling as
compared to the a and polypeptides (see autoradiograms); and

A B

Isotachophoresis

they were not labeled with tropomyosin antibody (Fig. 3).
Thus, by their solubility properties; mobilities on acid/urea

gels, NaDodSO4 gels, and two-dimensional gels; and by their
reaction with tropomyosin antibody, we conclude that the two
proteins depleted in transformed cells are a and P tropomyosin.
Additional data from partial peptide analysis (29) (not shown)
support this conclusion.
The NaDodSO4 gel blot (Fig. 3A) shows that in a whole cell

extract solubilized by NaDodSO4, antibody-stained tropomyo-
sin is significantly reduced in RSV-transformed CEF relative
to td-RSV cells. The antibody reactions were performed in an-
tibody excess (i.e., doubling the antibody concentration in the
presence of excess "2I-labeled S. aureus protein A resulted in
no increase in signal), and under protein concentrations such
that doubling the amount of protein loaded onto the gels re-
sulted in a doubling of the antibody signal. Therefore, the in-
tensities of the bands on the blot provided a direct and roughly
quantitative measurement of the amount of antigen present,
given that each sample contained the same amount of protein.
The two tropomyosin subunits are also greatly reduced in

chemically transformed quail cells (QT35) (Fig. 3A). Normal
quail cells (not shown) showed essentially the same relative
amounts of tropomyosin as normal or td RSV chicken embryo
fibroblasts. As seen here, the tropomyosin decrease observed
in chemically transformed cells supports the previous results
suggesting that the decrease in tropomyosin in CEF is a trans-
formation-specific phenomenon. A similar decrease in tropo-
myosin was also observed in fibroblasts transformed by MC29
(Fig. 3A, lane c), a virus that contains an onc gene that is dif-
ferent from the onc gene (i.e., src) of RSV (30).

Mechanism ofTropomyosin Decrease. To gain some insight
into the mechanism by which tropomyosin synthesis is de-
creased in RSV-transformed CEF, we asked if this decrease
could simply be a result of or correlated-with the rounded ap-
pearance characteristic of transformed cells. (This is somewhat
unlikely because although RSV-transformed CEF are quite
round and detached, chemically transformed quail cells are
elongated and firmly attached and MC29-transformed quail
cells are "fusiform".) To address this question, we treated nor-
mal CEF with trypsin, and the resulting "rounded" cells were
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FIG. 4. Two-dimensional gel electro-
phoresis of EDTA-soluble proteins. Cella
were labeled with [35Slmethionine for 14
hr, and proteins were extracted from the
NP-40-insoluble cytoskeleton with EDTA.
All samples were run simultaneously on
the firt-dimension gels under nonequilib-
rium conditions (isotachophoresis) at 500
V for 5 hr. The two samples from normal
cells (A and B) were then run simulta-
neously on a single second-dimension
(NaDodSO4) gel whereas the RSV-trans
formed CEF sample (C) was run on a sep-
arate second-dimension gel. The CEF
tropomyosin spots are indicated by arrows
labeled a and P. (A) Normal CEF with 10
ug of unlabeled rfM. (B) Normal CEF. (C)
RSV-transformed CEF. Rabbit skeletal
muscle tropomyosin alone migrates in
these two-dimensional gels in the same
position as shown in A. The faintness of
p inA is probably due to quenching by the
stained a component of rfM. Molecular
weight standards are indicated only for
the gel in C.
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FG. 5. Synthesis of a and 8 tro-
pomyosin in "rounded-up" CEF. Nor-
mal CEF were labeled with
[35S]methionine for 15 min after cells
were treated with either trypsin (Tryp;
4 hr) or cytochalasin B (CB; 2 hr).
Shownareautoradiogramsof 15%acid/
urea gels containing proteins solubi-
lized by 5 mM EDTA from the NP4O-
insoluble pellet of the above cells. +,
Trypsin orcytochalasin B added; -, no
addition.

kept in suspension by slow gyration in a sterile plastic tube for
7 hr prior to labeling with [S]methionine to measure the rate
of synthesis of tropomyosin. In other experiments, we treated
normal CEF with cytochalasin B for 2 hr prior to the addition
of label. Both trypsin and cytochalasin B caused normal cells
to "round up" in much the same way as RSV-transformed cells
do. In both cases (as in RSV-transformed CEF), the microfil-
ament bundles of the cytoskeleton are also disrupted (13, 31).
Equivalent samples from equal numbers of cells were used for
comparing the effects of trypsin and cytochalasin B. The level
of tropomyosin synthesis in the cells rounded up by treatment
with trypsin or cytochalasin B was not significantly different
from that in the untreated CEF (Fig. 5). Also, the relative ratio
between the and a subunits did not differ significantly in the
rounded-up cells from that in the untreated CEF. This result
suggests that when CEF are transformed by RSV, there is not
necessarily a causal relationship between the change in cellular
shape and the observed decrease in the synthesis oftropomyosin.
The previous experiments suggest that the decrease in tropo-

myosin synthesis observed in RSV-transformed CEF is not a

result of a "feedback" mechanism secondary to the disruption
of the cytoskeleton after trypsin or cytochalasin B treatment.
Such a mechanism has been demonstrated for tubulin synthesis
after disruption ofmicrotubules by colchicine (32). On the other
hand, because it is not presently clear that either trypsin treat-
ment or cytochalasin B lead to an increase in free tropomyosin
subunits (nor is it clear that RSV transformation leads to an in-
crease in free tropomyosin subunits), the analogy with the tu-
bulin control circuit may not be strictly correct. Nevertheless,
at present we think it more likely that the decrease in tropomyo-
sin synthesis may result from a direct inhibition oftropomyosin
gene transcription as a consequence of transformation. This in-
hibition may be analogous to the decrease in procollagen gene
transcription and fibronectin gene transcription in RSV-trans-
formed CEF (9, 10), possibly as part of a pleiotropic transcrip-
tional program effected by transformation. This speculation can
be tested directly once recombinantDNA clones containing the
tropomyosin gene are isolated.

Paulin et aL (33) have shown that tropomyosin is undetectable
in mouse embryonal carcinoma cells; however, after treatment
with hexamethylenebisacetamide, the cells lose their trans-
formed phenotype, differentiate, form actin microfilament bun-
dles, and turn on the synthesis of tropomyosin. The authors in-
terpreted their results to indicate that tropomyosin synthesis
was activated by differentiation. In the light of the results pre-
sented here, it seems equally likely that tropomyosin synthesis
was activated by the loss of the transformed phenotype. We
found a similar effect when CEF infected with a temperature-
sensitive strain of RSV are shifted from the permissive to the
restrictive temperature (results not shown). At the restrictive
temperature, these cells lose their transformed phenotype and
significantly increase the synthesis of tropomyosin.

Finally, there is the question of the relationship, if any, be-
tween a decrease in tropomyosin and the disruption ofthe actin
cables in transformed cells. It is possible that the elongated tro-
pomyosin molecules (34) may be required for the stable assem-
bly of actin filaments and that in transformed cells the absence
of actin filaments may result, primarily, from the inactivation
of synthesis of tropomyosin, particularly the 3 subunit.
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