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We have recently demonstrated that the delay in myoblast membrane fusion induced by cesium is accompanied by 
changes in isolated membrane iipids (Santini, M.T., Indovina, P.L., Cantatbra, A. and Blotta, 1. (1990) Biochim. 
Biophys. Acta 1023, 298-304). In the present study, we have investigated changes in the lipid profile of total cell 
homogenates and microsomal membrane fractions during myoblast membrane fusion as well as the effects that 
addition of cesium may have on these lipid variations in order to try to understand the production and 
transiocation of lipids during this myogenic process. The data presented here indicate that the lipid composition of 
cell homogenates and micrnsomes varies in a different manner from isolated plasma membranes during myogenic 
fusion. In addition, cesium affects, in a different manner, the normally-occurring lipid production and distribution 
which takes place in each subceilular fraction. 

Introduction 

The fusion of individual mononucleated myoblasts 
to form muitinucleated muscle fibers is an extremely 
important event in myogenic differentiation. The com- 
plex series of biological events leading to myoblast 
fusion include a net calcium influx prior to fusion [1,2] 
and alterations in surface proteins [3,4]. In addition, 
membrane lipids have been shown to play a central 
role in myoblast fusion from both a structural perspec- 
tive [5,6] as well as in signal transduction [7,8]. In fact, 
we have recently demonstrated, using primary chick 
embryo aggregate muscle cultures, that myoblast dif- 
ferentiation is accompanied by changes in isolated 
membrane lipids [9]. Specifically, we showed a de- 
crease in bilayer-stabilizing lipids (phosphatidylcholine) 
and phosphatidylinositol and an increase in bilayer-de- 
stabilizing ones (phosphatidylethanolamine and phos- 
phatidie acid) and cholesterol in isolated myoblast cell 
membranes during flJsion. Cultures to which 20 mM 
CsCI was added and in which fusion was greatly de- 
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layed did not show the same lipid changes and those 
that were observed seemed to reflect the cesium-in- 
duced fusion delay [9]. 

Lipid metabolism in cells is a highly complex pro- 
cess. Bri,~fly, lipids (phospholipids and cholesterol) are 
producet~ in the endoplasmie reticulum and then are 
passed on to other parts of the cell, mostly the cell 
membrane. Phosphatidic acid, which is formed first, is 
subsequently modified and the different types of phos- 
pholipid molecules are then synthesized. Sphingo- 
myelin is produced later from phosphatidyicholine and 
ceramide, both previously transferred from the endo- 
plasmic reticulum to the Golgi apparatus. From this 
brief outline of lipid synthesis, it is apparent that a 
truly complete comprehension of the membrane lipid 
changes occurring during myoblast membrane fusion is 
not possible without also understanding the entire pro- 
cess of lipid metabolism and translocation taking place 
in the myoblasts during the fusion process. With this in 
mind, it was the purpose of the present report to 
continue where our previous study ended, that is, to 
extend examination of the lipid changes taking place 
during myoblast membrane fusion to include analysis 
not only of isolated membrane lipids, as was conducted 
earlier, but also to study the endoplasmic reticulum 
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microsomal fraction as well as the total myoblast cell 
homogenate. In this present paper, control cultures 
and cultures to which 20 mM CsCi was added were 
again examined. The results presented in this report 
demonstrate that the lipid composition of total cell 
homogenate and microsomal fractions varies in a dif- 
ferent manner during myogenic differentiation and that 
these variations can be related to the production and 
translocation of the lipids necessary for myogenic fu- 
sion. In addition, cesium, which greatly delays fusion, 
also affects the normally-occurring lipid production 
and distribution which takes place in each subcellular 
fraction. 

Materials ard Methods 

Materials 
Trypsin was purchased from Difco, soybean trypsin 

inhibitor and DNAase from Sigma, Dulbecco's modi- 
fied Eagle's medium and penicillin/streptomycin from 
Gibco Europe and fetal bovine serum from Flow. The 
reference compounds dipalmitoylphosphatidylcholine, 
dipalmitoylphosphatidylethanolamine, l-palmitoyl- 
phosphatidylcholine, 1-palmitoyl-lysophosphatidyl- 
ethanolamine, sphingomyelin (from bovine brain) and 
cholesterol were purchased from Fluka (Buchs, 
Switzerland). The reference compounds for phospha- 
tidylserine, phosphatidylinositol and phosphatidic acid 
were purchased from Sigma. The enzymatic determina- 
tion of cholesterol was conducted with the CHOD-PAP 
Kit purchased from Boehringer Biochimica Robin 
(Milano, Italy). All other chemicals were obtained from 
Farmitalia Carlo Erba (Milano, Italy). 

Myoblast cell cultures 
Primary cultures were prepared from the pectoral 

muscle of I l-day embryonic chicks and aggregate cul- 
tures prepared as described previously [10,11]. For the 
cesium experiments, 20 mM CsCi dissolved in deion- 
ized water was added under sterile conditions at 24 h 
of culture. The flasks were then regassed before re- 
turning to incubate. The suspended myoblast aggre- 
gates of both control and cesium cultures were then 
collected for total cell homogenate preparation, micro- 
spinal fraction isolation and subsequent assays at the 
following culture times: 19, 24, 41, 48, 65, 89 and 96 h. 
All experiments were repeated four times. 

Cell homogenate preparation and isolation of micro- 
sprees 

Total cell homogenate was prepared by harvesting 
myoblast cells (4.106) by low-speed centrifugation (5 
rain, 1100 x g) at the fixed time intervals listed above. 
The supernatant was a~urately removed and the pellet 
was weighed and resuspended in a small volume of 
phosphate-buffered saline (pH 7.4). This solution was 

then homogenized by a Dounce homogenizer (Kontes 
Glass Co., Vineland, N J) with the tight (B) pestle. 
Aliquots of the suspension were assayed for protein, 
lipid and enzyme determination as described below. 

Isolation of microsomes was carried out by harvest- 
ing cells (25- 10 ~) by low-speed centrifugation (5 min, 
1100 ×g), again at the times listed above. The super- 
natant was accurately removed and the pellet was 
resuspended in 15 ml of sucrose-TEA (0.25 M sucrose, 
1 mM triethanolamine (TEA-HCI, buffered at pH 7.4) 
and homogenized by the Dounce homogenizer de- 
scribed above. The homogenate was centrifuged at low 
speed (10 rain, 1700 ×g). The supernatant was then 
removed and centrifuged for 60 rain at 33 000 × g. The 
resulting pellet was resuspended in 1 mi sucrose-TEA 
and layered over a discontinuous sucrose gradient (0.5 
ml of 55% (w/w) sucrose, then 2.5 ml each of 40%, 
32%, 27% and 20% sucrose) as described by Schimmel 
et ai. [12] for the isolation of various cellular mem- 
brane fractions. After centrifugation in an SW 41 rotor 
at 41000 rpm for 1.5 h, five bands formed at the 
interfaces of the gradient. The interface between 32% 
and 40%, which is enriched in microsomal membranes, 
was collected, diluted to about 9 ml with sucrose-TEA 
and centrifuged for 60 min at 105 000 x g. The micro- 
sprees were further purified by resuspending the result- 
ing pellet in 1 ml of sucrose-TEA and repeating the 
fractionation procedure described above on the discon- 
tinuous sucrose gradient. The pellet obtained from this 
second purification was used for protein, lipid and 
enzyme determination. 

Protein, lipid and enzyme dewrmblation 
Protein determination v~as conducted toliowing the 

method of Bradford [13] with the Bio-Rad protein 
assay (Bio-Rad Laboratories). The quantitative deter- 
mination of the phospholipids was made by lipid phos- 
phorous determination according to Bartlett [14] after 
extraction of the iipids with chloroform/methanol 
(2: 1, v/v) according to Folch et al. [15]. The determi- 
nation of the phospholipid classes was performed by a 
thin-layer chromatographic/dcnsitometric method as 
previously described [16]. The monodimcnsional sol- 
vent system used cannot completely resolve phospha- 
tidylserine (PS) from phosphatidylinositol (PI). For this 
reason, the data for PS and PI is not presented individ- 
ually, but rather as the sum of the two phospholipids 
(PS + PI). However, from other tests conducted previ- 
ously, PS remains constant throughout in vitro myogen- 
esis (data not shown). Therefore, the changes seen in 
the PS + PI sum may be attributed to PI alone. The 
determination of cholesterol was made on the lipid 
extract by modification of the CHOD-PAP Kit enzy- 
matic procedure [17]. The purity of the isolated micro- 
spinal fraction was checked by assay of the following 
enzyme activities: glucose-6-phosphatase [18], acid 
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Fig. 1. Time dependence of ",he cholesterol (CH) to phospholipid 
(PL) molar ratio in control (bottom curve) and cesium (top curve) 
total cell homogenates. The means and standard deviations of four 

separate experiments are shown. 

phosphatases [19], 5'-nucleotidase [20], TPNH-depen- 
dent cytochrome-c reductase [21] and succinate-depen- 
dent cytochrome-c reductase [21]. 

Results 

In this paper, we report on quantitative as well as 
qualitative changes in the lipid composition of my- 
oblast cell homogenates and of isolated myoblast mi- 
crosomes of both control and cesium chick embryo 
myoblast cultures examined at regular intervals during 
myogenic differentiation. Figs. l and 2 show the rela- 
tionship between the total concentration of cholesterol 
(CH) and phospholipid (PL) expressed as the CH/PL 
molar ratio plotted as a function of culture time in 
both total cell homogenates and microsomal fractions, 
respectively. Curves for controls as well as cesium 
cultures are shown. Total cell homogenates (Fig. l) 
show a steady increase in the CH/PL ratio up to 48 h 
of culture. After this time, although both control and 
cesium cultures continue to show an increase in this 
ratio, in cesium cultures this increase is more pro- 
nounced. As can be seen from Table l, the effect in 
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Fig. 2. Time dependence of the cholesterol (CH) to phospholipid 
(PL) molar ratio in control (bottom curve) and cesium (top curve) 
microsomal fractions. The means and standard deviations of four 

separate experiments are shown. 
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"FABLE I 

Concentratmn of  phospholipid (PL) and choh, sterol (CH) in ('eli ho- 
mogenates during in vitro myogeneMs in the presence and absence o f  
cesiton 

Means and standard deviations of four separate experiments arc 

Time Control celP Cs-added cells 

(h) #mol PL/ p.mol CH/ #tool PL/ #mol CH/ 
mg protein mg protein mg protein mg protein 

19 1.83+0.12 0.46+0.07 - _ 
24 1.84+0.11 0.46+0.06 2.13+0.14 0.53 + 0J)6 
41 1.85 + 0.09 0.52 + 0.08 i .60 + 0.08 0.46 ± 0.07 
48 2.53±0.15 0.70±0.09 2.82+0.16 0.83 ±().09 
65 1.85 ± 0.10 0.53 + 0.07 ! .23 ± (L97 0.52 ± 0.07 
72 1.43 ± 0.08 0.47 ± 0.06 !. 10 + 0.09 0.47 ± 0.06 
89 1.04 ± 0.07 0.39 ± 9.05 1.02 ± 0.10 0.45 ± 0.06 
9(') 1.00 ± 0.09 0.40 ± 0.06 1.02 ~: 0.12 0.47 _+ 0.08 

controls appears to be due mostly to an increase in the 
CH concentration during the first 48 h of culture (from 
(}.46 #mol /mg protein at 19 h to 0.70/zmoi/mg pro- 
tein at 48 h). Beyond this culture time, the rise in the 
CH/PL ratio appears to be due more to a decrease in 
the PL concentration (from 2.53 ~mol /mg protein at 
48 h to 1.00 #mol /mg protein at 90 h). In cesium 
homogenates, the observed sharper rise in the CH/PL 
ratio appears to be due mostly to a decrease in the PL 
concentration throughout the times tested (from 2.13 
/zmol/mg protein at 24 h to 1.02 #mol /mg protein at 
96 h). In the microsomai fraction (Fig. 2), control 
cultures (bottom curve) show a slow decrease in this 
ratio rather than an increase as in homogenates, espe- 
cially after 48 h. In cesium cultures (top curve), how- 
ever, this ratio again shows an increase. This increase 
is more apparent after 48 h of culture. As can be seen 
from Table II, in control microsomes these changes 
appear to be due to an increase in the PL concentra- 

TABLE I! 

Cbncentration o f  phospholipid (PL) and cholesterol (CH) in isolated 
myoblast microsomes during in t'itro myogenesis in the presence and 
absence o f  cesium 

Means and standard deviations of four separate experiments are 
given. 

rime Control cells Cs-added cells 

(h) p, mol P L /  ~mol  C H /  /.tmol P L /  /zmol C H /  
mg protein mg protein mg protein mg protein 

B 

1'~ 0.56+0.1}9 0.13 :i: 0.02 0.55.t:0.(}8 0.12±0.01 
24 0.68±0.111 (I. 14±(I.03 0.60±0.07 0.14 k0.02 
41 0.70 ± 0.09 0. I 4 __-1- 0.02 0.69 ± 0.06 0.18 ± 0.(11 
48 0.68 ± 0.08 0.13 ± 0.02 0.72 ± 0.09 0.24 ~t: 0.03 
65 0.52 ± 0.07 0.09:1:0.01 0.40 ± 0.06 0.17 ± 0.01 
72 0.70 ± 0.08 0.09 ± 0.01 0.38 ± 0.(14 O. 1 ¢) ± 0.01 
89 0.75 + 0.07 0.1 ! + 0.02 0.37 ± 0.03 0.15 ± 0.02 
96 0.65+0.10 0.11 +0.03 0.38 ± 0.05 0.16±0.02 
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Fig. 3. (A) Changes in percent distribution of phospholipid classes in 
total c¢11 homogenates as a l'unction of time in culture. Specifically, 
phosphatidylcholine (PC), phosphatidylethanolamine (PE), phospha- 
tidic acid (PA), phosphatidylserin¢ and phosphatidylinositol (PS + PI) 
and sphingomyelin (SP) are presented. The means of four separate 
experiments are plotted. The standard deviations of the lbur experi- 
ments which were calculated and found to fall between :1:0.3 and 

5: 0.5% were not plotted so as to make the figure more legible. 

tion up to 48 h (from 0.56/~mol/mg protein at 19 h to 
0.68 ~mol /mg  protein at 48 h) and then to a decrease 
in the CH concentration after this culture time (from 
0.13/zmol/mg protein at 48 h to 0.11 /zmol/mg pro- 
tein at 96 h). In cesium cultures, the increase in the 
C H / P L  ratio appears to be due to both an increase in 
the PL concentration (from 0 .55/zmol /mg protein at 
19 h to 0 .72 /zmol /mg protein at 48 h) as well as an 
increase in the CH concentration (from 0.12/zmoi /mg 
protein at 19 h to 0 .24/zmol/mg protein at 48 h) up to 
48 h and then due mostly to a decrease in the PL 
concentration after this time (from 0.72/~mol/mg pro- 
tein at 48 h to 0 .38/xmol /mg protein at 96 h). Thus, 
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Fig. 3. (B) Changes in percent distribution of phospholipid classes in 
total cell homogenates to which cesium was added as a function of 
time in culture. PC, PE, PA, PS+P! and SP are l.resented. The 
means of four separate experiments are plotted. The standard devia- 

tions which are not shown were calculated as in Fig. 3A. 

control and cesium microsomes behave in a different 
manner from control and treated cell homogenates. 

The qualitative changes in phospholipids during 
myogenic differentiation were also examined in control 
and cesium homogenates and microsomes. In Figs. 3 
and 4 are shown the per cent distribution of phospha- 
tidylcholine (PC), phosphatidylethanolamine (PE), 
phosphatidic acid (PA), phosphatidylserine and phos- 
phatidylinositol (PS + PI), sphingomyelin (SP) and 
lysophosphatidylcholine (LPC) of total cell ho- 
mogenate and microsomal fractions, respectively, of 
both control and cesium myoblast cells. In homogenate 
controls (Fig. 3A), PS + PI, SP and PA show no signifi- 
cant changes, but PC and PE show variation. Specifi- 
cally, at 24 h of culture, about 45% of the total phos- 
pholipids are PC while PE represents about 25% of the 
iipids. After 24 h, changes in this distribution occur: 
the amount of PC increases and then decreases up to 
about 48 h, reaching 40%, while PE remains constant 
up to 41 h and then increases up to 48 I1 of culture, 
reaching 35%. The amounts of these two lipids, in fact, 
vary inversely with each other. From about 48 to 65 h 
(fusion occurs at 60 h [22]), both PC and PE remain 
nearly constant. At 65 h, however, PC and PE again 
begin t~ vary inversely with each other. From this time 
up to g6 h of culture, when fusion has ended, PC 
increases while PE decreases. Values of PC and PE 
similar to the initial ones are again reached. 

In cesium homogenates (Fig. 3B), the amounts of 
PS + PI, SP and PA again remain constant. In addi- 
tion, up to 65 h, the changes in per cent distribution of 
PC and PE are quite similar to those of control cul- 
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Fig. 4, (A )  Changes in percent distr ibut ion of  phosphol ipid classes in 
microsomal membranes as a function of t ime in culture. Specifically, 
phosphatidylcholine (PC), phosphatidylethanolamine (PE), phospha- 
tidic acid (PAL phosphatidylserine and phosphatidylinositol (PS + P]), 
sphingomyelin (SP) and lysophosphatidylcholine (LPC) are pre- 
sented. The means of four separate experiments are plotted. The 
standard deviations of the four experiments which were calculated 
and found to fall between _+ 0.3 and + 0.5% were not plotted so as to 

make the figure more legible. 
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tures. In fact, there is a decrease in PC from about 45 
to 40% and an increase in PE from about 25 to 35%. 
The same inverse relationship between the two phos- 
pholipids exists. Beyond 65 h, however, PC and PE do 
not vary in the same manner as in the control cultures: 
there is no increase in PC or decrease in PE. As can be 
noted in the cesium homogenates, the amounts of both 
phospholipids remain constant at the previous levels 
up to 96 h of culture. 

Examination of phospholipid class distribution in 
microsomes yields very different results. In microsome 
controls (Fig. 4A), PS + Pl, SP and LPC show very 
little variation while PC, PE and PA vary consistently. 
PC decreases up to about 48 h of culture, increases 
abruptly at 48 h and then decreases again slightly up to 
96 h. The per cent distribution varies from about 58% 
at 19 h to about 55% at 41 h and then from about 65% 
at 48 h back to about 60% at 96 h. PE decreases up to 
48 h from 15 to 9% and then increases slightly to I 1% 
through the remaining times tested. PA increases from 
2% at 19 h to 7% at 48 h and then decreases, returning 
to its original value by 96 h. Again, there is an inverse 
relationship between PC and PE, but it is opposite to 
the one seen in cell homogenates (Fig. 3A). 

In cesium microsomes (Fig. 4B), PA and LPC do not 
vary while the other phospholipids do, but the varia- 
tions are very slight. Although an inverse relationship 
between PC and PE (an initial increase from 62 to 64% 
and then a decrease to 60% in PC and an initial 
decrease from 15 to 13% and then an increase back to 
15% in PE) again can be noted, it is almost negligible. 
The increase in PS4-PI from 10 to 14% and the 
decrease in SP from 10 to 7% is also very slight. It 
appears that addition of cesium has eliminated most of 
the variations seen in the phospholipid distribution. It 
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should also be noted that the percentages of the two 
pl-ospholipids PC and PE in microsomes are quite 
dii'ferent from those seen in homogenates in both 
control and cesium samples. In fact, microsomes con- 
tain an overall higher percentage of PC and a lower 
amount of PE. 

Discussion 

The present results indicate that the time-depen- 
dent lipid modifications observed in chick embryo my- 
oblasts during in vitro myogenesis with and without 
cesium do not manifest themselves evenly within the 
cell, but rather behave differently in vari~ms cellular 
subfractions. For instance, in cell homogenate controls 
the C H / P L  ratio rises with increasing culture time 
while in microsomal and isolated plasma membrane 
controls [9] it decreases. The addition of cesium further 
points out the compartmentalized nature of the lipid 
changes, in fact, if the difference in the C H / P L  ratio 
between control and cesium-treated cultures at the last 
culture time tested (96 h) is expressed in per cent 
variation, a difference of 15% in homogenates and 
145% in microsomes is measured. In isolated plasma 
membranes a variation of 160% was previously ob- 
served [9]. Thus, the very small variation in lipid com- 
position observed in the whole cell may hide dramatic 
changes taking place at specific cellular sites, such as 
the plasma membrane (where fusion actually occurs), 
as well as in the inner membranes (where the lipids are 
synthesized). In addition, the greatest variations in the 
C H / P L  ratio take place at the plasma membrane and 
not at other cellular sites. 

it should also be noted that the lowest value in the 
C H / P L  ratio (which indicates loss ot' cholesterol and 
fluidization of the myoblast membrane prior to and 
necessary for fusion) occurs in controls at about 71) h in 
microsomes and at about 40 h in plasma membranes 
[9]. Since fusion in these cultures takes place at 6t) h, 
the decrease in choleste~'ol in microsomes occurs after 
fusion has already taken place and thus appears not to 
be related directly to this event. Consequently, it may 
be postulated that the changes in lipid composition 
observed are not related to lipid biosynthesis (other- 
wise a decrease in cholesterol would have been ob- 
served in microsomes first and later at the plasma 
membrane), but rather to movement and/or  transfor- 
mation of these lipid molecules at the plasma mem- 
brane itself prior to fusion. This hypothesis is sup- 
ported by the localized changes in cholesterol content 
which are known to occur in specific lipid domains [23] 
and by the removal of cholesterol from plasma mem- 
branes mediated by proteins and phospholipids [24]. 

The qualitative changes in phospholipid class distri- 
bution also differ in the various subcellular fractions 
examined. Specifically, control cell homogenates and 
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isolated plasma membranes [9] show a similar recipro- 
cal variation of PC and PE which is opposite to the 
reciprocal relationship observed in microsomes. These 
differences in behavior may be explained by the fact 
that during fusion a decrease in PC (which stabilizes 
bilayers) and an increase in PE (which destabilizes 
bilayers) occur at the plasma membrane. The loss in 
PC is counteracted by the increased synthesis of this 
phospholipid at the microsomes (as witnessed by the 
increase in concentration of PC) while the increase in 
PE at the membrane may be traced to a decrease at 
the microsomes of this phospholipid by migration 
and/or conversion into PC. 

it is also interesting to note that the increase in 
phosphatidic PA and the proportional decrease in P! 
observed previously at the plasma membrane before 
fusion [9] also occurs at the microsomes. However, the 
maximum changes in these two phospholipids occur 
earlier in microsomes (at about 40 h) than at the 
membrane (48 h). These observations confirm the im- 
portant role of inositol phospholipid breakdown during 
myoblast membrane fusion [25-28]. 

Finally, studies of total cell homogenates and micro- 
somal membranes confirm our previous findings in 
plasma membranes that the phospholipid class distri- 
bution at the end of the experimental period examined 
tends to approach the values found at the beginning of 
the experiments. This is an important observation since 
it supports our view that myoblast membrane fusion 
cannot be studied by examining only two time-points, 
but must rather be studied by evaluation of a series of 
points throughout the entire myogenic differentiation 
process. 
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