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SUMMARY: Substratum-adherent cytoskeletons, containing vimentin
and actin, remain after extraction of cultured human fibro-
blasts with 0.5 % Triton X-100 in 50 mM Tris-HC1l buffer. On
the other hand, extraction with Triton X-100 in a 10 mM
Tris-HCl1 buffer, brings about degradation of the vimentin (58
kD) polypeptide with the appearance of an antigenically related
48 XD degradation product, found both in the cell residue and
extract. The degradation could be prevented by protease inhib-
itors but only partially with EDTA. After extraction of cells
with 0.5 % Triton X-100/50 mM Tris-HCl a partial degradation of
vimentin polypeptide could be obtained upon further extraction
in the low ionic strength medium. Detergent extraction in the
low ionic medium resulted into a rapid loosening and detachment
of most of the nuclei from the growth substratum. The results
indicate the presence of a cytoskeleton-associated vimentin-
degrading protease in cultured fibroblasts, which may play a
role also in the turnover of intermediate filaments.

Five immunologically and biochemically distinct types of
intermediate filaments have been found 1in cytoskeletons of
different types of cells in vivo and in vitro (1-4). Cultured
fibroblasts contain only vimentin-type of intermediate fila-
ments, consisting of a main 58 kD subunit protein (cf. 1-8).
Regulation of the intermediate filament organization is still
poorly understood, although recently both phosphorylation
(9,10) and a specific proteolytic activity (11-13) have been
proposed to be involved. Unlike other cytoskeletal proteins,
intermediate filaments seem to lack a significant cytoplasmic
pool of soluble subunit protein (cf. 6-8) and they also

maintain their integrity during mitosis (cf. 14,15).
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In this report we show that detergent extraction in low ionic
milieu is sufficient to induce degradation of vimentin in
cultured human fibroblasts. The degradation 1is apparently
protease-mediated as it could be inhibited by inhibitors of

proteolysis.

MATERIALS AND METHODS

Human embryonal fibroblasts were cultured in RPMI 1640 medium
supplemented with 10 % fetal «calf serum (Gibco, Irvine,
Scotland) and antibiotics. For light and fluorescence micro-
scopy the cells were cultured on small glass coverslips and
fixed in -20°C methanol.

For cytoskeletal extractions (16,17) the cells were carefully
washed in NaCl-P buffer (140 mM NaCl, 10 mM sodium phosphate, pH
7.4), scraped off with a rubber policeman and suspended in the
extraction medium either at 0°C or at 229C for 30 min. Triton
X-100 was dissolved (0.5 %) in either 10 mM or 50 mM Tris-HCl
buffer, pH 7.4, with or without 2 mM CaClj, phenylmethyl sulfo-
nyl fluoride (PMSF) and 1l-l-tosylamide-2-phenylethyl chloro-
methyl Xketone (TPCK). After each extraction the cells were
pelleted at 12000 xg for 15 min with an Eppendorf centrifuge.

Polyacrylamide gel electrophoresis in the presence of sodium
dodecyl sulphate was performed according to Laemmli (18) using
8 % slab gels. For immunoblotting, the technique of Towbin et
al. (19) was used. Briefly, polypeptides were transferred from
polyacrylamide gels to nitrocellulose sheets using a commercial
apparatus (Bio Rad, Richmond, Ca.). The sheets were then
exposed to anti-vimentin antibodies (4), followed by swine
anti-rabbit antibodies (Dako, Copenhagen, Denmark) and rabbit
peroxidase-anti peroxidase c¢omplex (Dako) as described earlier
in detail (20). The peroxidase reaction was developed according
to Towbin et al. (19).

Indirect immunofluorescence microscopy (IIF) was done with
rabbit anti-vimentin antibodies as described earlier (4).

RESULTS

Extraction of the adherent fibroblasts with 0.5 % Triton X-100
in 50 mM Tris-HC1l left cytoskeletal preparations which remained
anchored to the growth substratum: prominent nuclear residues
were visible in phase contrast microscopy (Fig. la) and a fine
fibrillar organization of vimentin was seen in IIF (Fig. 1b).
On the other hand, extraction of the cells with 0.5% Triton in
10 mM Tris-HCl produced cell residues, mostly lacking nuclei,
and showing a diffuse granular vimentin specific staining in

IIF (Figs 1c,d). When monitored in phase contrast microscopy.
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Figure 1. Phase contrast microscopy (a,c) and indirect immuno-

fluorescence microscopy with anti-vimentin antibodies (b,d) of
cultured fibroblasts extracted with 0.5 % Triton X-100 in 50 mM
Tris-HC1 {(a,b) or with 0.5 % Triton X-100 in 10 mM Tris-HC1
(c,d). Note the fine €fibrillar organization of vimentin in b
and the diffuse granular distribution in 4. x 560.

most of the nuclei were dJdetached during the first minutes of
extraction.

In polyacrylamide gel electrophoresis, the 58 kD polypeptide,
vimentin (1-4), and actin were revealed as the major cytoskel-
etal proteins in 0.5 % Triton X-100-50 mM Tris-HCl-extracted
cells (Fig. 2, lane 1). The 58 kD polypeptide could not be
detected in the extraction medium (Fig. 2, lane 4). On the
other hand, extraction of the cells with Triton X-100 in 10 mM
Tris-HC1 produced cell residues containing actin and a 48 kD
polypeptide as the major polypeptides (Fig. 2, lane 3). A
similar 48 kD polypeptide was seen as a prominent band also in

the cell extract while both the cell residues and extract
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Figure 2. Polyacrylamide gel electrophoresis of cultured human
fibroblasts extracted with 0.5 % Triton X-100 in 50 mM Tris-HC1
(lanes 1,4), with 0.5 % Triton X-100 in 10 mM Tris-HC1l {(lanes
2,5) and with 0.5 % Triton X-100 in 10 mM Tris-HCl, supple-
mented with 2 mM TPCK {lanes 3,6). Lanes 1-3 represent the
cell residues and lanes 4-6 the cell extracts. Coomassie blue
staining. Note the prominent 58 XD vimentin polypeptide in
cell residues in lanes 1 and 3 and the prominent 48 kD poly-
peptide both in cell residue and cell extract in lanes 2 and 5.

Figure 3. Immunoblotting of the cell residue (lane 2) and the
extract (lane 4) with anti-vimentin antibodies after extraction
of cultured fibroblasts with 0.5 % Triton X-100 in 10 mM
Tris-HC1. Lanes 1 and 3 show amido-black stained blots of the
cell residue (1) and the cell extract (3), respectively. Note
the distinct peroxidase reaction with the 48 kD polypeptide.

lacked the 58 kD polypeptide (Fig. 2, lanes 2,5). In immuno-
blotting the 48 kD polypeptide from both the cell residues and
extract showed a reaction with anti-vimentin antibodies (Fig.
3, lanes 1 to 4), indicating a precursor-degradation product
relationship between the 58 kD and the 48 kD polypeptides.

The degradation of the 58 kd polypeptide could be totally
inhibited by inclusion of TPCK (Fig. 2, lanes 3,6), but not
PMSF, in the culture medium but only partially with EDTA (Fig.
4, lane 1). Interestingly, addition of 2 mM CaClp in the

extraction medium had no apparent effect on the integrity of
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Figure 4. Polypeptide analysis of the cell residues after ex-
traction of human fibroblasts with 0.5 ¢ Triton X-100 in 10 mM
Tris-HC1 supplemented with 2 mM EDTA (1), after extraction with
0.5 % Triton X-100 in 50 mM Tris-HCl supplemented with 2 mM
CcaCly (2) and after extraction with first 0.5 % Triton X-100 in
50 mM Tris=-HCl, followed by 10 mM Tris-HC1 (lane 3).

vimentin in 50 mM Tris-HCl medium (Fig. 4, lane 2). When human
fibroblasts were first extracted with 0.5 % Triton X-100 in
50 mM Tris-HCl1 and then with the low ionic Triton-buffer, a
partial degradation of the 58kd polypeptide could be detected

(Fig. 4, lane 3).

DISCUSSION

The intermediate filament-forming 58 kD polypeptide of fibro-
blasts, vimentin (1), found also in cytoskeletons of other
types of cultured cells (1-8), shares some unusual properties
with other intermediate filament proteins (cf. for review
3,8,21). It is highly insoluble within a wide pH and ionic
strength range, and no soluble subunit protein can be found in

nonionic detergent extracts of cultured fibroblasts (cf. 6-8}.
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Recently, a Ca*t-activated cytoplasmic protease has been
suggested to play a role in regulation of the organization of
vimentin filaments in some cultured cells (11,13). A related
protease activity has been found also in glial and neuronal
cells (22,23). The results of the present study show that a
complete degradation of the 58 kD vimentin polypeptide can be
achieved Dby extracting cultured fibroblasts with a nonionic
detergent in a low ionic medium. Degradation did not take
place in a higher ionic strenght than 10 mM even 1in the
presence of Ca¥tt but it is apparently protease-mediated as
indicated by the inhibiting effect of TPCK. These results
suggest that other factors than the presence of Catt may play
the major role in the activation of the vimentin-degrading
protease in cells (but see 13,15). Interestingly, degradation
of vimentin could be achieved also upon further extraction of
Triton-cytoskeletons in the low ionic medium, suggesting that
the protease activity is c¢losely associated with intermediate
filaments rather than located in the cytoplasm as suggested
recently (cf. 13,15).

Earlier studies have suggested that intermediate filaments
in fibroblasts consist of protofilaments (eg. 8,24). Moreover,
both Steinert et al. (25) and Zackroff and Goldman (26) have
shown that the protofilament organization of reconstituted
vimentin filaments disassembles slowly in low ionic milieu.
Such a change in the intermediate filament organization may
also result in the activation of the vimentin degradation as

shown in this study.
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