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L Introduction

Fusion of myoblasts in tissue cullure has been
shown io be triggered by Ca?¥ ions [1]. The calcium
concentration has to be changed only by a factor of
five to produce a rise from 10 to 50% fusion [2].
This effect of Ca?* is pH-dependent, i.e. lowering the
PH decreases 1he fosior index and hipher concentra-
tions of Ca?¥ are needed to restore the original fusion
caparity. Thess findings rafise the question whether
Ca2? is the only ion which is able to trigger fusion or
whether it can be substituied by other fons. The ex-
periments presenied provide further evidence for the
specific role of Ca2*. Other cations excepi Sr2% act
inhibitory. In the case of Mg?¥ and K* this inhibitory
action can be riverssdd by ‘ncreasing Ca2* concenira-
tHons.

2. Materials and methods

Chick embryo breast muscle celle were saplanted
and cultured as described previcusly [2]. After sec?-
ing, the cells were grown for 52 br at Jow (28 pM)
[Ca2*] in Dulbezeo’s modification of Eagle’s medi-
um supplemented by 10% Ca2*-free dialysed calf se-
ram, 5% Ca2*-free dialysed embryo extract and 40
mM biearbonate. Caly 5—7% of the celis fused under
These conditions. Afier 52 hr the medim was
changed and the fusion experiment was staried by ad-
dition of 2 mi of fresh medium. The ion concentra-
iions of the fusion experiment are given in the dia-
grams, At least 800 nuclei per dish were counted and
fnsion index equals
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mumber of nuclei in myotubes
total number of nuclei

X 10D,

3. Resulis

3.1. Fusion induction experirments

If Me?* up to concentrations of 40 mM in the
presence of 28 uM Ca2? is added to cultures after 52
hr growth, Mp2* is not able to initiate fusion. Cell vi-
ability iz not impaired by these concenlmations as is
confirmed by fig. 1. Experiments with Zn2+, Ma2%,
Ba2*, Cu?t, Cd=*, La®*, Li* show that none of
these cations can substitute for Ca??* as fusion trigger-
ing agent. A slight fusion promoting effect could be
ubserved only in the presence of 2.4 mM Sr2*. These
ions were selected with regard to their charge, size
and hydrate water exchange 1ate — propertics in
which they are related to Ca2* or differ fromitina
known degree [3].

3.2. Fusion inhibition experimenis

Fusion is inhibited by increasing [Mg?*] at fixed
[Ca?*]. Raising the {Ca?*] shifts the Mg2*-concen-
tration necessary for half meaximal inhibition 10 high-
&r values, as shown in fip. 2. Redusing [Mg2*] zrad-
vaily from 0.8 to 0.04 mM does not change the posi-
tion of the curves within experimental error. In addi-
tion to the parallel shift, we observe the urves flat-
tening with increasing Mg?¥-concentrations. As
showa in fig. 3. K¥ also inhibits fusinn. Obviousty,
increasing [K*] beyond its normal concentration re-
fuces fission, and this inhibition can be reversed by
increasing [Ca?*]. All the metal cations tested ex-
cept S12% were inhibitory at different concentrations
as given in table |. ) )
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Fig. 3. Muscls cells 12 hr after fusion has been started under different conditions™ a) 0.8 mM Mg?ﬁ; 44 pM Ca2*”. B 0.8 mM Mgﬁ;
130D @M Ca®’, o) 40 mM M3 44 pM Ca®". @) 40 mM Me®T; 5800 oM Ca>'.
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Fig. 2. Ca* ~depandence of Banon at Aifferent Mp” -conCen- ) -
trations: 2) Ploi of fusion percentages versos Ca*”. Fig. 2b) Plot of fusicn percentages versus Mz .
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Fig. 3. 'C32+-ﬂcp2ndezmm of fesion at different K concentre
tHons,

4. Disrussion

The specificity of interaciion of Ca2? with the
cell components mediating fusion suggesis  specific
binding of Ca2* to these cell structures. Thus, the
surves of the fusion index versus a2t may be, in es
sence, binding isotherms for Ca2* jons 10 these specif-
ic sites.

The steep rise of the fusion versus Ca2* eurves may
be inlezpreted I terms of cooperative binding of Ca™.
Assaming that Mg2* has to b2 bouad, too, in order 10
exert ils inhibiting effect, the steep decrease of the
fusion index in fiz. 2b suggesis that this binding
shonld alsc be a ¢ooperative process. One possible ex-
phanaiion for this effect is that Cadt and other ea-
tions are competing for one single kind of binding site
which promotes fusion only if it is ocoupied by Ca?*.
On the other hand if two different sites are responsible
for the Ca2* —Mg2*.antagonism these two should be
eoupled energetically. Binding of Mg=* to the one site
may thus reduce Ca?* binding to the fusion promot-
ing site,
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Table 1
LCation concenirations [sM ] necessary for S0% mhibition of
fusion ir the presence of 1.4 mM Ca”,

15 K+ Mgﬁ-i* Mn?i’ La 3
50 80D 20 - - 0.15 2
Ba®” Zn T ol Cu®*

0.2 0.2 0.2 1.5

Results obtained in the presence of high extracefio-
lar TK*] can be interpreted in the same way as for
Mg2?*. In any e 1se, the K*-binding site should dircrim-
inate sharply brtween K+ and Na™, since Na™, which
is always presert at 140 mM conceniration, does not
interfere with fusion.

On the other hand. X* 1night also interfere by mod-
ying cell membrane potentiol. Such an effect has
recenily been 1eported on the growih of BHK-cells

[4}. The K*-ir duced depolarization preceded all fiar-
iher evenis in “hese cells.
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