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Summary

We have investigated the effects of the drugs cytochalasin B and colchicine
on the surface levels of the large, external, transformation-sensitive (LETS)
glycoprotein. Colchicine neither removed LETS protein from the surface, nor
inhibited its regeneration after removal by mild trypsinization. Cells treated
with cytochalasin B, however, showed both a 2—3-fold increase in the turn-
over rate of their surface LETS protein and a marked inhibition in its regenera-
tion. Inhibition of regeneration was not due to inhibition of synthesis or trans-
port to the surface. In fact, in the presence of cytochalasin B, increased quan-
tities of LETS protein were released into the medium. The results are consis-
tent with the idea of an association of LETS protein with the actin-containing
microfilaments. However, other possible explanations, such as effects on cellu-
lar morphology or on transport of sugar precursors cannot yet be excluded.

Introduction

There is much speculation that membrane receptors may have a direct or
indirect association with the cytoskeletal elements of the cell. This possibility
has been suggested since surface phenomena, such as patching and capping of
lectin and antibody receptors and agglutination, are affected by drugs which
cause alterations in the organization of microfilaments and microtubules
[1—4].

In this investigation we have examined the possibility of interconnections
between a major surface glycoprotein (LETS protein) of normal fibroblasts and
components of the cellular cytoskeletal system. Several observations suggest
such an association.

(1) Upon transformation, LETS glycoprotein is lost from the cell surface [5]
and the organization of the cytoskeletal system inside the cells is disrupted
[6,7]. Both alterations are observed in cells infected with viral mutants temper-
ature sensitive for transformation [8—11].
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(2) Exponentially growing normal cells have lesser amounts of LETS protein
[12] and of submembranous microfilaments than do growth-arrested cells
[13].

(3) LETS protein is extremely sens1t1ve to proteases and is removed from the
cell surface by mild proteolysis, [14]. Susceptibility of microfilament bundles
to proteolysis has also been reported, although higher concentrations of pro-
tease and greater lengths of time may be required than are necessary to remove
LETS protein from the surface [15,16].

(4) Extraction of cells with the nonionic detergent NP40 leaves the nucleus
surrounded by a skeleton which consists predominantly of LETS protein, actin;,
myosin, and a protein of molecular weight 58 000 [16].

(5) Finally, upon addition of LETS proten isolated from normal cells to
transformed cells, they regain actin cables [17].

With these correlations in mind, we have used the drugs cytochalasin B and
colchicine which are known to disassemble cytoskeletal components and
studied their effects on the amount of LETS protem present on the cell sur-
face. -
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Materials and Metﬁods

Materials

[¥*S]Methionine (specific activity 500 Ci/mmol) and carrier-free sodium
[!?**1]iodide were purchasesd from New England Nuclear and Amersham/Searle,
respectively. Cytochalasin B was a product of Aldrich Chemical Co. and colchi-
cine was obtained from Sigma. Stock solutions of colchicine (1 mg/ml) and
cytochalasin B (1 mg/ml in ethanol) were stored at 4°C.

Methods

Cells and growth conditions. Cells of the hamster fibroblast line, NILS8, were
cultured in Dulbecco’s modified Eagle’s medium + 5% fetal calf serum at 37°C
in an atmosphere of 95% air/5% CO,. The cells used in all the experiments
reported here were seeded at 5 - 10*/3.5 cm dish in 2 ml of medium and were
grown for 5 days.

Secondary chicken embryo fibroblasts were seeded at 10° cells/3.5 cm dish
and were grown in 2 ml of Dulbecco’s modified Eagle’s medium + 5% calf
serum for 2 days at 39°C in a 5% CO, incubator.

Turnover rate. Confluent cultures of NIL fibroblasts were either treated with
different concentrations (see figure legends) of cytochalasin B or colchicine and
then iodinated using the enzyme lactoperoxidase as described previously [14],
or iodinated monolayers were incubated with 2 ml of fresh growth medium
containing cytochalasin B or colchicine for different time periods. Medium was
then collected and cells were lysed with sodium dodecyl sulfate after washing
with phosphate-buffered saline. Cell lysates and media were analyzed on
sodium dodecyl sulfate polyacrylamide gels.

Regeneration of LETS protein. LETS protein was removed from the surface
by subjecting the cells to mild trypsinization using 1 ug/ml trypsin for 10 min.
The reaction was stopped by adding 10 ug/ml soybean trypsin inhibitor. Cells
were then incubated in 2 ml of fresh growth medium without or with different
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concentrations of colchicine or cytochalasin B for 24 h. The reappearance of
LETS protein was monitored by lactoperoxidase catalysed iodination followed
by sodium dodecy! suifate gel electrophoresis.

For metabolic labelling, immediately after trypsinization 2 ml of growth
medium containing 10 uCi [**S]methionine/ml was added. The concentration
of methionine in the medium was reduced to 10% of normal. Half of the cul-
tures received 5 ug/ml cytochalasin B in the labelling medium. After 4, 8, 16
and 24 h cell lysates and media from control and cytochalasin B-treated cul-
tures were collected and analyzed on sodium dodecy! sulfate polyacrylamide
gels.

The rate of protein synthesis was measured by counting the acid insoluble
radioactivity. Protein concentration was determined by the method of Lowry
et al. [18].

Results

Turnover of LETS protein in the presence of cytochalasin B or colchicine
Cultures of confluent, growth-arrested NIL8 cells were treated with different
concentrations of either colchicine or cytochalasin B, drugs known to disrupt
microtubules and microfilaments, respectively, for 24 h and then iodinated
using the enzyme lactoperoxidase. As is evident from Fig. 1, cells treated with
2.5 and 5 ug/ml cytochalasin B had greatly reduced amounts of LETS protein
and of other surface proteins (Fig. 1, b and c). Incubation of cells with 2.5, 5

Fig. 1. Effect of cytochalasin B and colchicine on surface levels of LETS protein, Confluent monolayers
of NIL cells were incubated with cytochalasin B or colchicine for 24 h and then iodinated. a, Control;
b, 2.5 ug/ml cytochalasin B; ¢, 5 pug/ml cytochalasin B; d, 2.5 ug/ml colchicine; e, 5 ug/mi colchicine; £, 10
ug/ml colchicine. All samples were normalized for protein. Arrow marks position of LETS protein.
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TABLE I
TURNOVER OF LETS PROTEIN IN THE PRESENCE OF CYTOCHALASIN B AND COLCHICINE

NILS8 cells were iodinated and returned to culture with additions as shown, After 4 h, medium and cells
were harvested and analyzed on gels. LETS protein was quantitated by cutting the LETS band from the
gels and counting it; background radioactivity was subtracted in each case. Total counts (cells + medium)
in all cases were comparable to control (+20%).

Treatment of 4 h Percent LETS protein
Cells Medium
Control 83 17
Colchicine 10 pg/ml 78 22
Cytochalasin B 10 ug/mi 53 47
Cytochalasin B 10 ng/ml + colchicine 10 pg/ml 61 39
Cytochalasin B 20 ng/ml 40 60
Cytochalasin B 20 ug/ml + colchicine 10 ug/ml 35 65

and 10 ug/ml colchicine was, however, without any significant effect on LETS
protein (Fig. 1, d—f).

In order to determine the effects of the drugs on the turnover of LETS pro-
tein, confluent monolayers of NIL cells were iodinated and kept in fresh me-
dium containing either colchicine or cytochalasin B. After 4 h, the cell lysates
and media were analyzed on SDS gels. Colchicine at 10 ug/ml, a concentration
high enough to disrupt the microtubules [16], did not enhance the turnover of
LETS protein. However, cells incubated with 10 or 20 ug/ml cytochalasin B
had reduced amounts of LETS protein on their surfaces as compared to control
untreated cells. There was a simultaneous increase in the amount of LETS pro-
tein in the medium (Table I). Incubation of cells with cytochalasin B and col-
chicine had no additional effect on the removal of LETS protein from the sur-
face.

When the kinetics of removal of LETS protein from the cell surface in the
presence of cytochalasin B was followed as a function of time, an initial 3-fold

] 1
4 8 12 6 20 24
Time in hours

Fig. 2. Kinetics of removal of LETS protein from the cell surface in the presence of cytochalasin B. Iodi-
nated cells were incubated in the absence or presence of 10 ug/ml cytochalasin B. The amount of LETS
protein on the cells and in the medium was determined by analyzing the samples on gels at the indicated
times. Quantitation was as described in Table I. e- - - - - - e, LETS protein associated with control cells;
On - v m - 0, LETS protein associated with cells treated with 10 ug/ml cytochalasin B; e———e, LETS pro-
tein released into the medium of control cells; o—— 0, LETS protein released into the medium of cells
treated with 10 ug/ml cytochalasin B,
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Fig. 3. Morphology of NIL cells treated with 10 ug/ml cytochalasin B for different time periods, a, Un~
treated control; b, 30 min; ¢, 12 h; d, 22 h,

increase was observed from 30 min to 4 h. Cytochalasin B-treated cells con-
tinued to release increased amounts of LETS protein into the medium for 22 h
(Fig. 2).

Fig. 3 shows morphology of the cells treated with 10 ug/ml cytochalasin B.
After 30 min, the cells were retracted and arborized (Fig. 3b). Such cells
retained about 85% of the LETS protein. 12 h after addition of cytochalasin B,
arborization had progressed still further (Fig. 3c). At this point, 50% of the
iodinated LETS protein could still be detected on the cells. After 22 h, each
cell was converted to a round central body from which extensive branched pro-
cesses projected. Such cells were still firmly attached to the dish and very few
detached cells were observed in the medium. The amount of prelabelled LETS
protein on these cells dropped to about 25% as compared to 65% in control
cells.

The possibility that the enhanced removal of LETS protein from the surface
of cytochalasin B-treated cells might be due to the activation or release of pro-
teases seems unlikely for two reasons. First, protease treatment generally leads
to release of fragments of LETS protein in the medium (ref. 14 and Mahdavi,
V. and Hynes, R.O. (1977), unpublished); no degradation products of LETS
protein were found in the medium of drug-treated cells. Second, the decrease
in the amount of surface LETS protein was accompanied by a simultaneous
increase in the medium (Table I and Fig. 2).

Regeneration of LETS protein in the presence of cytochalasin B or colchicine
When LETS protein was removed from the cell surface by protease treat-
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Fig, 4. Time course of regeneration of LETS protein in the presence of cytochalasin B, Cultures of NIL
cells were treated with 1 ug/ml trypsin for 10 min at room temperature and incubated in fresh growth
medium without or with 2.5 and 5 ug/ml cytochalasin B. The regeneration of LETS protein was moni-
tored by iodination followed by analysis on gels. Quantitation was as in Table I. Percentage recovery in
controls at 24 h varied from 45—80% in different experiments.

ment, a substantial amount was restored within 24 h (Fig. 4). This regeneration
of LETS protein was unaffected by the presence of colchicine (data not
shown), but was inhibited to a large extent by cytochalasin B (Fig. 4).

Transport of LETS protein to the surface in the presence of cytochalasin B
One possible explanation for reduced regeneration of LETS protein is that
P @R N |
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Fig. 5. Increased release of LETS protein in the medium of cells treated with cytochalasin B. Cultures
of NIL cells were treated with 1 ug/ml trypsin for 10 min at room temperature and then incubated in
medium containing 10 ug/ml [35S]methionine without or with 5 ug/mi cytochalasin B. Equal aliquots of
media wére analyzed on gels at times indicated. Media from: a—d, control cells after 4, 8, 16 and 24 h;
e—h, eytochalasin B-treated cells after 4, 8, 16 and 24 h, Arrow shows position of LETS protein.
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Fig. 6. Decreased level of LETS protein in cells treated with cytochalasin B. Scans of autoradiograms from
gels of chick embryo fibroblasts. a, Control; b, b ug/ml cytochalasin B-treated cells analyzed 16 h after
trypsinization and labelling with [35S}methionine as described in Fig. 5. Profiles are lined up on interface
between stacking and running gels, Arrows mark positions of LETS protein (L) and myosin (M).

cytochalasin B could block the synthesis and/or transport of LETS protein to
the outer surface thus resulting in inhibition of its restoration. To investigate
this possibility, the synthesis and secretion of LETS protein were studied by
metabolic labelling with [**S]methionine. Fig. 5 shows that the rate of appear-
ance of LETS protein in the medium of NIL8 cells was not inhibited by cyto-
chalasin B; in fact it was increased. This increased release of LETS protein into
the medium in the presence of cytochalasin B was observed whether or not the
cells were treated with trypsin prior to labelling (data not shown).

It was difficult to quantitate cell-bound LETS protein in metabolically
labelled NIL8 cells since it is a relatively minor band. We therefore repeated
the experiments in chicken embryo cells where LETS protein comprises 2—3%
of the total cellular protein. Although the instantaneous rate of synthesis of
LETS protein, as measured in a 15 min pulse, was not greatly affected (data
not shown), accumulation of labelled LETS protein in the cells over longer
periods was inhibited (Fig.6). However, both control and cytochalasin
B-treated cells had similar amounts of myosin label. As in the case of NILS8
cells, increased release (about 3—4 fold) of newly synthesized LETS protein
into the medium was observed, whereas overall protein synthesis was inhibited
by only 10—15%.

These results indicate that cytochalasin B does not inhibit synthesis of LETS
protein or its transport to the cell surface. Rather, LETS protein apparently
fails to bind normally at the cell surface; however, it is released apparently
intact into the medium in greater amounts than usual. These experiments also
confirm that cytochalasin B does not lead to increased degradation of LETS
protein by causing, for instance, release of lysosomal enzymes.
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Discussion

The present results demonstrate that levels of colchicine which arrest cells in
mitosis [12] and disassemble their microtubules [16] have no effect on the
turnover rate or regeneration of LETS protein. It is reported elsewhere that col-
chicine has no effect on the pattern of LETS fibrils detected by immunofluo-
rescence [16]. Taken together these results argue against a connection between
LETS protein and microtubules.

In contrast with colchicine, cytochalasin B causes increased turnover of
LETS protein from the cell surface and inhibits regeneration of surface LETS
protein after trypsin treatment. These effects are not due to inhibition either of
synthesis of LETS protein or of its transport to the exterior of the cell. In fact,
increased amounts of LETS protein accumulate in the medium of cytochalasin
B treated cells. It seems clear that the effect of cytochalasin B is on the attach-
ment of LETS protein at the cell surface.

Several different interpretations can be offered for the effects of cyto-
chalasin B on the surface levels of LETS protein. This drug is known to disas-
semble actin microfilaments, although it is unclear whether this is due to a
direct interaction with the components of the microfilaments [19,20] or an
indirect result of its effect on the cell membrane [21,22], altering attachment
and/ov assembly of microfilaments. Cytochalasin B causes disassembly of the
actin microfilament “cables” both in this system [16] and in others [23,24].
A simple interpretation of the results described here is that disassembly of
microfilaments by cytochalasin B leads to detachment of LETS protein from
the cell surface. However, since cytochalasin B has a variety of other effects
upon cells [25], this interpretation remains tentative. For instance, the release
of LETS protein may be a consequence of the rounding-up of cells in cyto-
chalasin B rather than a direct effect of the disruption of microfilaments.
Furthermore, cytochalasin B inhibits sugar transport [25,26] and reduces glu-
cosamine incorporation by the cells used in the present study (unpublished
data). Although there is no evidence for altered glycosylation of LETS protein
caused by cytochalasin B in the present experiments, such a possibility cannot
be ruled out as a contributory factor to some of the results described above.

Accepting these reservations, the effects of LETS protein on the cytoskeleton
[17]) and, reciprocally, of drugs which affect cytoskeletal structures on LETS
protein, suggest that further investigation of possible connections will be of
interest. A definitive solution will require direct analysis of protein-protein
interactions at the cell surface.
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