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SUMMARY: Chick skeletal muscle mRNA (40 ug/0.8 mf) in phosphate-buffered saline
was added to 60 mm petri dishes containing a monolayer of primary heart muscle
cells, After 30 minutes absorption the cultures were supplemented with complete
medium and the incubation continued in a humidified COz-incubator. Sucrose den=
sity gradient analysis of the absorbed RNA showed no degradation. This skeletal
muscle mRNA was translated in primary heart muscle cells in culture into functio=
nal proteins as indicated by the linear increase in the accumulation of acetyl=
choline receptors as well as a similar increase in creatine kinase activity. In
addition, the synthesis of the three unique light chains of skeletal muscle myosin
(SLC;, SLC,, SLC3) in these primary heart muscle cells was also demonstrable.
INTRODUCTION

Several important questions in the developmental biology of specialised cells
can be studied by the introduction of protein factors which are involved in the
control of translation and transcription, as well as messenger RNA and cytoplasmic
RNP particles, from one kind of highly differentiated cell into another differen=
tiated cell-type. A prerequisite for such an approach should be that the recipient
cells be highly differentiated and that the introduced macromolecules be accepted
by the recipient cell in a normal and functional way. In addition, it is necessary
that the recipient cells continue to grow and differentiate following the introduc=
tion of such exogenous macromolecules or cytoplasmic particles.

Muscle cells possess many features which make them one of the most suitable cel
systems for the study of differentiation and its control. For instance, terminal
differentiation is characterised by the formation of multinucleated myotubes which
arise from the fusion of single myoblasts (1) and cell fusion is paralleled by an
increased production of many muscle-specific proteins (2 ~ 4). Although many
studies have indicated that muscle mRNAs are synthesised at one stage of develop=
ment (myoblast) and that their translation occurs at another stage (myotubes) (3,

5 - 7), very little is known about the 7n vZvo processing of such mRNAs. Beating
heart muscle cells obtained from the hearts of 1 - 2 day old neonatal hamsters
{terminally differentiated cells) offer a unique <n vVZvo system to study the trans=
lation or processing of mRNAs isolated from skeletal or breast muscle cells which

are not at a terminally differentiated stage of development (single myoblasts). 1In
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the following, we report that heart muscle cells were able to translate the intro=
duced skeletal muscle mRNA into functional proteins.

METHODS

Primary heart cell cultures. Primary heart cell cultures were prepared and
established from the hearts of 1 — 2 day old neonatal hamsters; the cells har=
vested, counted and homogenized as previously described (8).

Primary chick skeletal muscle cultures. Primary chick skeletal muscle cultures
were prepared from thigh muscle of 1l-day pathogen-free chick embryos and grown

as described previously (9).

Myofibrillar ATPase activity. The Ca®*-stimulated myofibrillar ATPase activity

of heart muscle cells was measured as described (8), using [y-3?P] ATP.
Determination of creatine kinase activity. Creatine kinase activity was measured
as described (5). The rate of ATP formation from ADP and creatine phosphate was
determined by coupling the reaction to hexokinase and glucose-6-phosphate hydro=
genase (10).

a-Bungarotoxin binding assay. Iodination of a-bungarotoxin was carried out using
the chloramine-T method (11) and the cultures assayed essentially as described
(12).

Isolation of unlabelled myosin. Myosin was isolated from both skeletal muscle

and heart muscle tissue according to the method of Coetzee et al. (13) and sub=
sequently purified by gel filtration on Sepharose 4B as described by Pollard

et al. (14).

Isolation of labelled myosin. After 12 hours in culture heart muscle cultures
were labelled for 24 hours in 5 m% of complete medium containing 25 uCi of [*°s]
methionine (217 mCi/mmol) per mf. At the end of the labelling period, myosin was
extracted in the cold as described (15).

Isolation of labelled total cytoplasmic RNA. After 12 hours in culture primary
chick skeletal muscle cultures were labelled for 48 hours in 5 mf complete medium
containing 25 uCi of [®H] Uridine (40 Ci/mmol) per mf. After labelling, the cells
were harvested and lysed as described (16). Total RNA was extracted and ethanol
precipitated without oligo (dT)-cellulose chromatography (17).

Isolation of unlabelled poly(A)-containing RNA. The post-mitochondrial superna=
tant from l4-day embryonic chick leg muscle (18) was centrifuged for 5 hours at
200 000 x g to pellet the polysomes together with the mRNP particles. The obtained
polysomes and mRNP particles were subsequently used for preparation of poly(A)-
containing RNA (17).

The absorption of [*H]-labelled skeletal musele RNA by heart muscle cells. Primary
heart muscle cultures were allowed to absorb radiocactive chick skeletal muscle RNA
for different time periods. This was done to estimate the maximum absorption of
the exogenous RNA by the heart cell cultures as well as to ensure optimum growth
properties of the cells in culture. After the initial 12 hours in culture, the
complete medium was decanted and the cells washed once with phosphate-buffered
saline (PBS). [°H]-labelled RNA was dissolved in PBS and 0.8 m& (55 x 10° cpm)
was added to each 60 mm petri dish (this volume was enough to just cover the mono=
layer of heart cells) and the cultures incubated for 30, 45 and 60 min at 37 °C

in a humidified CO,-incubator. Complete medium (4.2 mR) was added to the cultures
after the respective absorption periods, and the cultures maintained for the indi=
cated time periods. Immediately after the respective absorption time periods and
on day 1 through to day 5, the cells were harvested by trypsinization (8) and the
Ca®+-stimulated myofibrillar ATPase activity measured. Some of the cultures were
used to re-extract labelled RNA which was subsequently analysed on sucrose density
gradients.

The translation of unlabelled poly(A)-containing skeletal muscle RNA in primary
heart cell cultures. After 12 hours in culture, the medium was removed and the
cells washed once with PBS; 40 pg of poly(A)-containing RNA in 0.8 mi PBS was
added to each 60 mm petri dish. An absorption period of 30 min was allowed, after
which the cells were supplemented with 4.2 mf complete medium and maintained in a
humidified CO,-incubator for the indicated times (see results). Subsequently
creatine kinase activity was determined; the appearance of acetylcholine receptors
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monitored using the o-bungarotoxin binding assay; and the synthesis of the light
chains of skeletal muscle shown by autoradiography. In the latter case, heart
muscle cells were allowed to absorb the RNA for 30 min, followed by the addition
of 25 uCi of [3°S]-methionine (217 mCi/mol) per mf complete medium and the cells
allowed to grow for a further 24 hours.

RESULTS AND DISCUSSION
Very little is known concerning the introduction of the mRNA of highly

differentiated cells (i.e. skeletal muscle cells) into another differentiated
cell type (i.e. heart muscle cells) in such a way that the introduced mRNA is
accepted in a normal and functional way by the recipient cells. Thus, experiments
involving the introduction of mRNA into differentiating cells fall into two cate=
gories. Firstly, it is necessary to establish whether the RNA absorbed by the
recipient cells is still intact, and secondly, that the cells do not degenerate
due to possible deleterious effects of the introduced RNA.

After 30 minutes of absorption, the labelled RNA was extracted and analysed by

sucrose density gradient centrifugation. As can be seen in figure 1, the RNA sedi=
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Figure 1 Sucrose demsity gradient analysis of skeletal muscle [*H]-labelled
RNA extracted from heart muscle cells in culture. Labelled skele=

tal muscle RNA was absorbed by heart muscle cells for 30 min. and
the cells cultured for a further 24 hours before re-extraction of
the labelled RNA. The 10 - 30 Z (w/w) sucrose gradients in 0.05M
Tris HCL (pH 7.4), 0.005M EDTA, 0.5 Z (W/v) sodium dodecylsulphate
were centrifuged for 10 hours at 40 000 r.p.m. at 4 °C in an I.E.C.
283 rotor. Each 10.5 mf gradient was layered with the RNA sample
in the above buffer. Fractions (10 drops per fraction) were
collected from the bottom of the tubes. Radioactivity was deter=
mined by mixing each fraction with 10 m{ of Packard Insta Gel and
counted in a Packard Tricarb Scintillation counter.
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Figure 2 Ca®? -dependent ATPase activities of heart cells grown im culture

following the introduction of skeletal muscle RNA. RNA was added
to the heart muscle cells after the initial 12 hours in culture,
different absorption periods allowed and then the cells maintained

in culture as described in methods. Untreated cells (¢ o), cells
allowed to absorbed RNA for 30 min (® ®), for 45 min (¢ ¢) and
for 60 min (¥----*), Activities were determined and expressed as

a function of total cellular protein.

ments from approximately 4S to 28S, exhibiting characteristic sedimentation proper=
ties of undegraded muscle RNA. To test viability of the heart muscle cells follow=
ing the introduction of the skeletal muscle RNA, different absorbing times were
allowed and the Ca’ -stimulated myofibrillar ATPase activity, the enzyme generally
considered to be especially prevalent in muscle cells, determined from day 1 to day
5 (Figure 2). Small differences are observed between the untreated cultures and
those treated with the exogenous RNA for 30 min and 45 min. However, the cultures
treated with the RNA for 60 min did not recover and displayed low ATPase activities
To evaluate the efficiency of such translation, the synthesis of the small sub=
units of skeletal muscle myosin, a unique set of proteins characteristic of each
muscle type, together with creatine kinase activity and the appearance of acetyl=
choline receptors were studied. Primary heart muscle cells were allowed to absorb
chick skeletal muscle mRNA for 30 min after which complete medium was added and the
incubation continued. Cells were harvested at the indicated times (Figure 4) and

assayed for the synthesis of creatine kinase and acetylcholine receptors. While
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Figure 3 Creatine kinase activity (left panel) and the appearance of acetylcholine

receptors (right panel) in untreated primary heart muscle @
skeletal muscle cultures (® ),

¢) and

primary heart muscle cells in culture showed very low endogenous activity of these
two proteins (Figure 3), an almost linear increase in creatine kinase activity and
appearance of acetylcholine receptors was observed following the introduction of
poly(A)-containing skeletal muscle mRNA into heart muscle cells (Figure 4). To
demonstrate the synthesis of the skeletal muscle specific myosin light chains in
heart muscle cells, [*°S] methionine was added to the primary muscle cultures after
the introduction of the skeletal muscle mRNA, and allowed to incubate for a further
24 hours. Myosin was subsequently isolated from the heart muscle cells, the light
and heavy chains separated by gel electrophoresis and the radicactive bands
visualised by autoradiography (Figure 5). It is apparent from figure 5 that not
only the two light chains (HLC; and HLC, with molecular weights of 26 000 and

20 000 dalton respectively) of heart muscle myosin have been synthesized, but in
addition, the appearance of the three light chains of skeletal muscle myosin, the
SLC;, SLC; and SLC3; with molecular weights of 22 000, 17 000 and 15 000 dalton
respectively, were also observed.

It is apparent from the results of the present study, that during the process
of heart muscle cell development and differentiation, these cells were still able
to translate functional proteins from exogenous mRNA.

Several RNAs which are possibly involved in the control of translation have

emerged during recent years (19 - 21), but their role in normal cellular processes
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Figure 4 The effect of the absorbed chick skeletal muscle poly(A)-containing
mRNA on the creatine kinase activity (@ -—--@) and accumulation of
acetylcholine receptors (4 A) in primary heart muscle cells in
culture.
Figure 5 Autoradiography of myosin extracted from primary heart muscle cultures

after the introduction of poly(A)-containing chick skeletal muscle mRNA.
The separation was carried out om a 10 - 20 7 SDS polyacrylamide gradient
slab gel and the autoradiograph developed as previously described (15).
The migration of purified unlabelled markers are indicated alongside the
autoradiograph: HLC; BHLC, light chains of heart muscle myosin; SLC,,
SLC,, SLC3: light chains of chick skeletal muscle myosin.

is still undefined. Similarly, although substantial information about protein
factors involved in translational control mechanisms were described in cell-free
systems (22 -~ 24), very little is known about their actual role in living cells.

In addition, many reports have dealt with inactive or stored cytoplasmic messages
as RNP particles (25 - 27), but their activation or processing during cell develop=
ment in unclear. Therefore the above approach of introducing exogenous mRNA from
one cell-type (e.g. chicken myoblasts) into another differentiated cell-type (e.g.

primary heart muscle cells) by tissue culture techniques, in sufficient amounts
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and in such a way that they function normally, may be useful in studying protein
factors and small molecular weight RNAs involved in mRNA translation and also the

processing of stored cytoplasmic mRNP particles.
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