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Effects of Monensin on Tropoelastin Metabolism in Vascular Smooth
Muscle Cells: Monensin Causes Intracellular Degradation of
Accumulated Tropoelastin
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Treatment with 80 nM monensin for 48 h resulted in impairment of tropoelastin secretion
during the initial 6 h and subsequent reduction of tropoelastin synthesis from 18 to 48 h to
one-tenth. The steady state level of tropoelastin mRNA started to decrease at 6 h and
reached one-fifth of the control level by 48 h. A pulse-chase experiment after 24 h monensin
treatment demonstrated that half of the accumulated tropoelastin in the cells was rapidly
degraded within 120 min. These results indicate that the marked reduction in tropoelastin
synthesis from 6 to 48 h treatment may be caused by both a reduction in the tropoelastin
mRNA level and accelerated intracellular degradation of tropoelastin. Thus, monensin
modulates tropoelastin expression through pretranslational and posttranslational mecha-
nisms.
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Monensin, a Na+ ionophore capable of collapsing Na+ and
H+ gradients, has gained widespread acceptance as a
biochemical and biological investigative tool for studying
the Grolgi apparatus function, and for localizing and iden-
tifying the molecular pathways of subcellular vesicular
traffic. Monensin has been shown to destroy the normal
structure of the Golgi complex and to affect the posttrans-
lational modifications of proteins (2).

Monensin inhibits the transport of various secretory
proteins, including collagen (2, 3), elastin (4), proteogly-
cans (5, 6), and fibronectin (2, 3, 7). In the case of elastin,
monensin has been demonstrated to repress tropoelastin
secretion, which caused a reduction in its mRNA level (4).
In this study we found that reduction of tropoelastin
synthesis on monensin treatment was accompanied by
elevated intracellular degradation of tropoelastin as well as
the reduction in the tropoelastin mRNA level.

Chick aortic smooth muscle cells were isolated from
20-day chick embryos as described by Wollinsky and Daly
(8) and Oakes et al. (9). The cells were maintained in
Dulbecco's modified Eagle's medium (DMEM) supple-
mented with 10% fetal calf serum (FBS) until they reached
confluency.

Primary cultures at confluency were treated with 80 nM
monensin (Sigma) for 48 h in DMEM supplemented with
0.5% dialyzed FBS. The cells were labeled with 1 ml of
fresh valine-free DMEM (Gibco) containing 25/*Ci/ml
[2,3-'HJ valine (1.5 TBq/mmol, Amersham) during the
final 3 h of treatment. The proteins in the medium were
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Abbreviations: DTT, dithiothreitol; EDTA, ethylenediaminetetra-
acetic acid; NEM, tf-ethylmaleimide; PMSF, phenylmethylsulfonyl
fluoride; SDS, sodium dodecylsulfate; SSC, 0.15 M sodium chloride
and 0.015 M sodium citrate.

precipitated with ammonium sulfate (176 mg/ml) in the
presence of a protease inhibitor cocktail comprising 1 mM
each of EDTA, NEM, and PMSF. Proteins were extracted
from the cell layer with 1% SDS/10 mM EDTA, followed
by heating at 100'C for 10 min. Proteins in the medium and
cells were individually analyzed by 4-15% gradient SDS-
PAGE in the presence of 1 mM DTT. An aliquot of each
sample was taken prior to electrophoresis and its radio-
activity was counted with a liquid scintillation spectrom-
eter (Beckman LS 9800) to determine the total counts
applied to the gel. After electrophoresis, the gels were
stained and processed for autoradiography. For quantita-
tive assaying, X-ray films were scanned with a densi-
tometer (Cliniscan; Helena Laboratories). Radioactivity
incorporated into tropoelastin in the medium and cells was
calculated from the relative density of its band as to the
combined density of all bands. Total (medium + cell) tropo-
elastin radioactivity was taken as the sum of the radioactiv-
ity in the medium and cells. For pulse-chase experiments,
cultures were treated with 80 nM monensin for 24 h and
labeled with [3H] valine for the last 1 h of treatment, and
then chased for 30, 60, 90, and 120 min in the presence of
1 mM cold valine. On termination of the culture, the
proteins in the medium or cell layer were extracted and
processed for analysis by SDS-PAGE as described above.

Total RNA was isolated from cells (20) and stored at
— 80'C. The RNA was denatured and size-fractionated by
electrophoresis on a 1% agarose gel, and then blotted onto
a nylon filter. Hybridization was performed as previously
described (11). The following cDNA probes radioactively
labeled by random priming (Amersham) to a specific
activity of ~10" dpm///g DNA were used; elastin (pTE2)
(12) and P actin (pAl) (23). The filters were washed and
exposed to X-ray films. The autoradiograms were scanned
with a densitometer.
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In preliminary experiments, the major band correspond-
ing to a molecular weight of 65 kDa indicated by arrows in
Fig. la was identified as tropoelastin on Western blotting
(11. 14).

Exposure of the cells to 80 nM monensin for 48 h result-
ed in a marked reduction of tropoelastin synthesis to one-
tenth of the control level in the culture medium and cell
layer fractions during 18-48 h treatment. However, during
short term treatment, i.e. the initial 0-6 h, monensin did
not affect the total tropoelastin synthesis in either the
culture medium or cell layer, accompanying accumulation
of tropoelastin in the cell layer (Fig. la). Northern blot
assays revealed that monensin decreased the tropoelastin
mRNA level, depending on the exposure time, to one-fifth
of the control level on 24 and 48 h treatments (Fig. lb).

In order to further elucidate the mode of action of

monensin, and to determine on the site of inhibition, a
pulse-chase experiment after long term (24 h) exposure to
monensin was performed. The total (medium+cell) tropo-
elastin level at 0 time of the chase period in monensin-
treated cells was lower than that in control cells (Fig. 2c).
This may be due to reduced synthesis of tropoelastin and its
mENA level after 24 h treatment with monensin (Fig. 1).
In control cells, the tropoelastin level increased in the
medium (Fig. 2a), concomitant with the decrease in the
cells during the chase period of 0-120 min (Fig. 2b),
resulting in an unaltered level of total (medium + cell)
tropoelastin (Fig. 2c). The results indicate that the decrease
in tropoelastin in the cells was due to active secretion of
tropoelastin. In contrast, in monensin-treated cells, the
amount of tropoelastin in the cells had decreased by one-
half at 120-min chase time (Fig. 2b), and tropoelastin in the
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Fig. 1. Effects of monensin on tropoelastin
synthesis and the mBNA level. Cultures were
treated with 80 nM monensin for 0, 3, 6, 18, 24,
and 48 h, and then labeled with [3H] valine for the
last 3 h of treatment. The proteins in the culture
medium and cell layer were extracted, and then
analyzed by SDS-PAGE, followed by autoradiog-
raphy. Arrows indicate the migration position of
tropoelastin. The fluorograms were scanned with a
densitometer and radioactivity incorporated into
tropoelastin was calculated (a). Total RNA was
extracted from cells, and subjected to Northern
blot analysis using elastin and fj actin cDNA
probes. The autoradiograms were scanned with a
densitometer. The amount of elastin mHNA rela-
tive to p actin mRNA was calculated, the values
given being percentages of the control (without
monensin) values (b).
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Fig. 2. Effects of long-term monensin treatment
(24 h) on the degradation of newly-synthesized
tropoelastin. Cultures were treated without (Control)
or with 80 nM monensin (Monensin) for 24 h, labeled
with ['H] valine for the last 1 h of treatment, and then
chased for 0, 30, 60, 90, and 120 min in the presence of
cold valine (1 mM). The proteins in the culture medium
(a) and cell layer (b) were extracted, and then analyzed
by SDS-PAGE, followed by autoradiography (left
panel). The autoradiograms were scanned with a den-
sitometer, and the radioactivity of tropoelastin in the
medium (a), cell (b)i and medium+cell (c) was mea-
sured (right panel).
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medium remained at a low level during the chase time (Fig.
2a), resulting in a reduction in the total (medium+cell)
tropoelastin level of one-half (Fig. 2c). The results indicate
that intracellular degradation of tropoelastin in the monen-
sin-treated cells may have occurred during the chase period
of 120 min.

The present study demonstrated that monensin impairs
the secretion of tropoelastin, and reduces tropoelastin
synthesis and its mENA, which confirmed the previously
reported results (4). Our results also demonstrated that
monensin induced the degradation of intracellular tropo-
elastin, which may participate, at least in part, in the
decrease in tropoelastin synthesis caused by monensin. The
mechanism by which monensin stimulates the intracellular
degradation of tropoelastin is not clear at present. Since
elective intracellular receptors involved in the transit of
secretory proteins through the Golgi complex have been
reported (15), destruction of the Golgi complex by monen-
sin may result in impairment of the interaction between
tropoelastin and its receptor, leading to the instability of
tropoelastin. In fact, it has been suggested that tropoelastin
and the 67 kDa receptor are colocalized intracellularly, and
that the two proteins are associated in the secretory
pathway (16). It has been postulated that the receptor
functions as a "molecular chaperone" by providing traffick-
ing signals to direct the proper movement of the receptor-
tropoelastin complex to the site of elastin fiber formation on
the cell surface (17). The intracellular accumulation of
tropoelastin on monensin treatment may cause the genera-
tion of tropoelastin free from the receptor leading to rapid
degradation of tropoelastin.

The level of reduction of tropoelastin mRNA to one-fifth
of the control level was not sufficient to explain the marked
reduction of tropoelastin synthesis caused by monensin
during period of 18-48 h to one-tenth of the control level.
Therefore, the monensin-induced decrease in tropoelastin
synthesis may be controlled through two different mecha-
nisms, t. e. the reduction of tropoelastin mRNA and acceler-
ated intracellular degradation of tropoelastin.
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