Volume 231, number 2, 321-326

FEB 05787

April 1988

Lateral motion of fluorescent molecules embedded into cell
membranes of clonal myogenic cells, L6, changes upon cell
maturation
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The lateral motion of fluorescent molecules embedded into cell membranes of myogenic cell line, L6, was measured. The

motion of S-F-ConA became faster at cell fusion stage, and became slower after fusion. On the other hand, the motion

of lipid analog, F18, was not changed at cell fusion stage. However, after fusion when myotubes were formed, the motion

of F18 became slower. At cell fusion stage, there was a large variation in the motion of S-F-ConA. This means that
at this stage the properties of myoblasts change drastically and rapidly.

Lateral motion; Fluorescence photobleaching recovery; Cell fusion; Maturation; (Myogenic cell)

1. INTRODUCTION

Muscle cells exhibit prominent changes upon
their maturation. At an early stage, they are
mononuclear cells which are called myoblasts. As
they mature, they aggregate and fuse with each
other resulting in the formation of Ilarge
multinuclear cells which are called myotubes. One
of the myogenic cell lines, L6, isolated by Yaffe
[1], also exhibits changes similar to muscle cells.
For this reason, L6 cells are widely used as a model
for muscle cells. With morphological changes men-
tioned above [2], L6 cells exhibit molecular and

Correspondence address: Y. Kawasaki, Mitsubishi-Kasei In-
stitute of Life Sciences, 11 Minamiooya, Machida, Tokyo 194,
Japan

* Present address: Institute for Developmental Research, Aichi
Prefectural Colony, Kamiyacho, Kasugai-shi, Aichi 480-03,
Japan

Abbreviations: S-F-ConA, succinyl concanavalin A conjugated
with fluorescein isothiocyanate; F-ConA, concanavalin A con-
jugated with fluorescein isothiocyanate; F18, 5-(octadecylthio-
calbamoylamino)fluorescein; FPR, fluorescence photo-
bleaching recovery; PBS, phosphate buffered saline

Published by Elsevier Science Publishers B.V. (Biomedical Division)

physiological changes upon maturation as muscle
cells do. For example, an increase in the content of
myosin heavy chain [3], an increase in enzymatic
activities [4], appearance of acetylcholine receptors
followed by their clustering [S], generation of ac-
tion potentials [6], localization of binding sites of
concanavalin A [7] and formation of functional
synapses with neurons [8,9] have been observed.
Since the onset of cell fusion is primarily an
event on the cell surface, properties of molecules
of cell membranes must play an essential role in
this event. One of them is the motion of molecules
within membranes. Indeed, it is reported that close
apposition and destabilization of bilayer are re-
quired for lipid vesicle fusion [10,11]. On the other
hand, it is known that the dynamic properties of
membranes change upon cell differentiation.
Fluidity of cell membranes of neuronal cells
changes upon outgrowth of neurites [12—14], and
the activity of Na* channels seems to be affected
by composition and motion of lipids [15-17].
Therefore, there are very good reasons to expect
that the dynamic properties of plasma membranes
also play an important role in cell maturation,
especially in cell fusion of muscle and L6 cells.
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In this report we show that lateral motion of
molecules in cell membranes changes drastically in
the course of maturation of L6 cells.

2. MATERIALS AND METHODS

2.1. Cell culture

L6 cells were plated onto cover slips in Dulbecco’s modified
Eagle’s minimum essential medium (DMEM) supplemented
with 10% newborn calf serum. The cells were cultured at 37°C
in 10% CO; and 90% air atmosphere.

2.2. Fluorescent probes

A fluorescent analog of fatty acid, F18 was synthesized as in
[18]. Concanavalin A was conjugated with fluorescein isothio-
cyanate as in [7]. Briefly, ConA (Sigma) (10—50 mg) was mixed
with fluorescein isothiocyanate (Sigma) (0.38 mg) on celite
(3.8 mg) and incubated in PBS containing 0.1 M glucose at
room temperature for 15 min with gentle stirring. The mixture
was freed from celite by centrifugation. The supernatant was
freed of excess dye by passing through a Sephadex G-25 column
with PBS as an eluting solution. Native conjugates were
separated from denatured ones by passing through a Sephadex
G-100 column with PBS as the first and 0.1 M glucose in PBS
as the second eluting solution. S-F-ConA was obtained from F-
ConA as in [19].

2.3. Labelling of cells

Cells grown on cover slips were washed twice with PBS. The
washed cells were incubated in PBS containing 10 x«M F18 for
3 min at 37°C or in PBS containing 100 zg/ml S-F-ConA for
15 min at 37°C. Then the cover slips were washed 4 times with
PBS. The cover slips were set in a temperature-controlled
quartz container and were placed on a stage of a microscope.

2.4. Measurements

Lateral diffusion of fluorescent molecules was measured by
fluorescence photobleaching recovery. The instrumental
description and analysis are shown in [13]. The diameter of the
bleached area was 2.8 um using a 100 x objective and a
pinhole. In order to reduce the spontaneous motion of cells and
internalization of labelled molecules, 10 mM NaNj; was added.

Recovery fraction, f, and lateral diffusion coefficient, D, are
determined using the following equations:

S = Uins = To)/ (Zini — Top)
D= O.22W2/t1/2

Iini, Iv1 and Iins are fluorescence intensities before bleaching, just
after bleaching and a long time after bleaching when recovery
is saturated, respectively; w and ¢/, are the radius of the bleach-
ed area and the half recovery time, respectively.
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3. RESULTS

Fig.1 shows the phase and fluorescence
microscope images of L6 cells labelled with S-F-
ConA (A-D) and F18 (E,F). Distribution of S-F-
ConA was heterogeneous in all stages. In
myoblasts, continuous faintly labelled regions
along the cell peripheries were seen, and the entire
cell surfaces were more faintly and homogeneously
labelled. Besides, patches in cell surfaces as well as
around the nuclei were seen (B). As the cells
matured and fusion proceeded, only the peripheral
regions (boundary of cells and substrate) were
strongly labelled (D). This was similar to the
results in [7]. On the other hand, labelling with F18
was homogeneous except for a few bright patches
(F). This pattern was seen both in cells in the fu-
sion stage and in myotubes (not shown).

Does the motion of these molecules change with
the maturation of L6 cells? We measured the
lateral motion of S-F-ConA by FPR. The
homogeneously labelled surface region near the
center of cells where the number of patches was
small was chosen (fig.2).

Significant points in fig.2 are as follows. (i) The
lateral motion of S-F-ConA at the fusion stage was
enhanced, and after the completion of fusion, the
motion was suppressed. (i) Among myotubes, the
older ones showed slower motion. (iii) At the fu-
sion stage, the data fluctuated significantly. This is
not due to instrumental errors because these were
reproducible. The individuality of each cell seems
to be responsible although classification from mor-
phology was difficult. This individuality was sup-
pressed in myotubes. (iv) Recovery fraction did not
change from day 5 to 11 and upon formation of
myotubes.

Next, we measured the motion of fluorescent
lipid analog, F18 (fig.3). Compared to the lateral
motion of S-F-ConA, that of F18 was faster by 2
orders of magnitude, and was rather insensitive to
cell maturation. However, on myotubes, the mo-
tion of F18 was slower than that on myoblasts even

Fig.1. Phase and fluorescence images of L6 cells labelled with S-F-ConA or F18. A, B, C, D, L6 cells labelled with S-F-ConA. Cells
were cultured for 6 days (A, B) and for 9 days (C, D). Bar = 20 um. E, F, L6 cells labelled with F18. Cells were cultured for 6 days.
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Fig.2. Dependence of lateral diffusion coefficient of S-F-ConA

labelled to L6 cells on cell maturation. Dys is lateral diffusion

coefficient at 25°C. Abscissa, culture day; triangles, recovery

fraction; circles, lateral diffusion coefficient; open symbols,

myoblasts; closed symbols, myotubes. About 10 cells were

measured for each point. Temperature was 25°C. As indicated,
cell fusion occurred from day 8.

at the same culture day. This tendency was similar
to the motion of S-F-ConA. Therefore, it can be
concluded that the motion of some molecules in
lipid phase of cell membranes of myotubes of L6
is slowed compared with that of myoblasts. Here
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Fig.3. Dependence of lateral diffusion coefficient of F18

labelled to L6 cells on cell maturation. D»s is lateral diffusion

coefficient at 25°C. Abscissa, culture day: triangles, recovery

fraction; circles, lateral diffusion coefficient; open symbols,

myoblasts; closed symbols, myotubes. About 10 cells were

measured for each point. Temperature was 25°C. As indicated,
cell fusion occurred from day 8.
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again, recovery fraction did not change from day
5 to 11 and upon formation of myotubes.

4. DISCUSSION

In the present study, we used S-F-ConA. As a
probe for membrane properties, S-F-ConA is
superior to F-ConA in that the former has a
weaker activity to aggregate surface molecules and
does not inhibit the myoblast fusion [20]. The
labelling patterns of S-F-ConA were almost iden-
tical to those of F-ConA [7]. The difference was
that, in myoblasts in confluent state and also in
myotubes, the entire cell surface was faintly
fluorescent. This difference may arise from the
fact that, using Ar* laser, finer images were ob-
tained due to reduced background.

In this report, it was shown that the dynamic
behavior of cell membranes of the myogenic cell
line, L6, changed in a similar fashion with its mor-
phological differentiation. We measured the mo-
tion of fluorescent molecules at the center of cells,
where no intense fluorescence of S-F-ConA was
observed. The present results showed that even in
the region where binding sites of S-F-ConA were
not largely clustered, the motion differed depen-
ding on cell states. Even in this region, recovery
fractions were only 0.4 to 0.5 (see figs 2, 3). This
means that a considerable fraction of S-F-ConA
binding sites was immobilized. This immobiliza-
tion may have occurred from anchoring and/or
microclustering of S-F-ConA binding sites. (Here,
microcluster means a cluster composed of 2 to
several tens of molecules and not recognized as a
patch.) Clustering of more than 10 S-F-ConA
binding sites decreases lateral diffusion coefficient
to less than 10-12 cm?/s. Motion slower than
10712 cm?/s is out of the detection limit of FPR,
and the motion is regarded as immobile. Indeed, at
the region where intense fluorescence of S-F-ConA
was observed, the motion of S-F-ConA was almost
inhibited (not shown).

The diffusion coefficient of S-F-ConA obtained
in the present study was similar to that of mem-
brane proteins [21,22] and that of F18 was similar
to those of lipids in membranes [23,24]. Therefore,
it is plausible that S-F-ConA binding sites are
membrane proteins and the motion of FI18
represents that of lipids.

The first important point in the present study is
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that at the stage of fusion, the motion of S-F-
ConA became faster. However, the motion of F18
was not changed, and recovery fraction did not
change either in S-F-ConA or in F18 (see figs 2, 3).
These results indicate that at fusion, the motion of
some specific but not all, molecules is activated,
and releasing of anchored or clustered molecules
does not occur.

Prives and Shinitzky reported that membrane
fluidity increased just before fusion of muscle cells
[25]. Their results apparently disagree with the
data of F18 shown here (no change in diffusion
coefficient just before fusion as shown in fig.3).
This apparent disagreement may be explained as
follows. (i) Prives and Shinitzky used
1,6-diphenyl-1,3,5-hexatriene and measured flu-
orescence anisotropy. Fluorescence anisotropy
shows rotational or wobbling motion. 1,6-Di-
phenyl-1,3,5-hexatriene is a neutral fluorescent
molecule and is considered to be located at the
hydrophobic region of membranes such as acyl
chains of lipids. On the other hand, F18 has a
negative charge at the head position and its head is
supposed to be located at the hydrophilic region.
Therefore, the following is considered. Just before
fusion, intermolecular spacing in the hydrophobic
region increases or molecular motion of the acyl
chain is activated, and the hydrophilic region does
not change. (ii) Both 1,6-diphenyl-1,3,5-hexatriene
and F18 are trapped in temporal cages (cages
which open and close temporarily). The existence
of the cage was suggested in erythrocyte mem-
branes [26]. Just before fusion, fluidity and/or size
of the cages increase while time constants of open-
ing and closing do not change. This results in in-
creasing the freedom of the rotational or wobbling
motion while there is little change in lateral mo-
tion. (Molecules have to escape from the cages in
order to move laterally, and this step is rate
limiting.)

At present we do not know which explanation is
correct. Simultaneous measurement of rotational
and lateral motion of molecules in the same cell
will give the answer.

The second important point is that at fusion
stage, dispersion of the data was obtained (see
fig.2). This may arise from the fact that at this
stage, the difference in the properties of individual
cells is enhanced. From the morphological obser-
vation, it was difficult to detect this difference in
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a quantitative manner. Within the cells measured,
cells in various stages, such as long before, just
before and partly in fusion stages, may be in-
cluded.

The third important point is that, in myotubes,
the motion of both S-F-ConA and F18 became
slow. And among myotubes, the old ones showed
more pronounced suppression of motion. These
results are identical to those reported by Prives and
Shinitzky [25]. Since the clustering of S-F-ConA
binding sites at the center of myotubes was not
observed and recovery fraction did not change,
this suppression is not due to formation of clusters
of S-F-ConA binding sites.

At present it is not known which mechanisms are
involved and which meanings are included in these
phenomena. In the process of fusion of liposomes,
it is reported that disorder in bilayer structure is
generated [10,11]. This disorder may promote the
motion of some molecules.

In neuronal cells, the motion of fluorescent
molecules embedded in cell membranes becomes
slower as the cells mature [12—14]. Together with
the present results, this may be a general tendency
that, as cells mature or get old, the motion of
molecules in cell membranes is restricted. In
neuronal cells, the decrease in fibronectin receptor
density occurs in parallel with the decrease in
lateral motion of F18 [27]. This kind of change in
molecular level may also be expected in L6.
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