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Primary cultures of myoblasts, derived from embryomc chrck pectoral muscle, were treated wtth phorbol 
ester (TPA) for 8-96 h TPA treatment blocked the fuston of myoblasts along with the expresslon of the 
MM form of creatme kmase Interestmgly, TPA treatment markedly Increased the actlvlty of fi-adrenerglc 
receptor coupled adenylate cyclase (AC) actlvlty The study suggests that TPA treatment augments the func- 
tional mteractlon between a couphng N, protem and catalytic unit of AC The likely slgmticance of these 

results IS briefly presented 

~.~obIast ~denyIate cycfase Phorbol ester 

1. INTRODUCTION 

Phorbol esters such as 12-~-tetrad~canoyl 
phorbol-13-acetate (TPA) have been shown to be 
potent tumor promoters and their site of action 1s 
the cellular plasma membrane [l-3]. TPA inhibits 
the fusion of mononucleated myoblasts [4-61. 
Precisely how TPA exerts this mhlbltory action 
and the relation between the inhibitIon of fusion 
and a few reported biochemical changes 14-81 
evoked by TPA m myoblasts are unclear. In addl- 
tlon to the likely mvolvements of membrane 
(phospho)hplds, glycohplds and glycoprotems [9], 
a limited number of studies have implicated a tran- 
sient increase of CAMP m the process of myoblast 
fusion [lO,ll]. 

In primary cultures of myoblasts, the catalytic 
unit (C) of the CAMP generating enzyme, adenylate 
cyclase (AC) and a GTP-binding coupling protein 
called N, are present prior to fusion [12] However, 
the stimulation of AC by &adrenerglc receptor (,&- 
AR) agomsts (isoproterenol, ISO) 1s not readily 
seen m myoblasts [12]. At the time of fusion and 
subsequent to the fusion of myoblasts into myo- 
tubes, there appears to be an increase m the 

Fusion Creatme kmase ~-~drenerglc receptor 

number of &AR which are functionally lmked to 
the AC such that IS0 increases the AC actlvlty m 
the presence of GTP [ 1 l-141. Thus, the blockade 
by TPA of myoblast fuston would be expected to 
mamtam the plasma membrane bound, &AR 
coupled AC system m a low actlvlty state. As will 
be shown here, the reverse was observed m the ‘fu- 
slon Inhibited state’ of myoblasts due to TPA. 
Also, the actlvatlon of the @-AR coupled AC 
system by the exposure to TPA of myoblasts 
seemed to result from the actlon of TPA on the 
coupling N, protein. The hkely significance of this 
novel and mtrigumg observation is discussed m 
terms of whether CAMP plays any role m myoblast 
fusion or other facets of muscle differentiation In 
our study the actlvltles of creatme kmase were 
markedly decreased by the exposure of myoblasts 
to TPA and this was associated with marked 
decreases in the proportlon of MM isozyme (a 
suitable marker of myoblast dlfferentlation) and 
increases m the proportion of BB isozyme. The site 
for action of TPA m the cell membrane may be 
protem kmase C [15], the enzyme discovered by 
Nishizuka and associates [15]. In view of the 
postulated roles of kmase C m the actlons of 
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various btologtcal sttmuh on cellular processes m- 
cludmg proliferatton [15, 161, tt IS tempting to con- 
sider that the acttvatton of myoblast protein kmase 
by TPA 1s somehow linked to its other effects - (1) 
the blockade of fusion and (ii) the acttvatron of the 
P-AR hnked AC system This IS briefly discussed 
as well. 

2. MATERIALS AND METHODS 

2.1. Culture condltrons 
Skeletal muscle cultures were prepared from 

myoblasts Isolated from pectoral muscle of 1 l-day- 
old white Leghorn chick embryos accordmg to [ 171 
with the exception that 10% horse serum was used 
rather than fetal calf serum To determme the ef- 
fect of TPA, normal culture medra were replaced 
with TPA- (0 1 PM) contammg media 8 h after 
plating the myoblasts. In TPA-treated cultures the 
media were changed at 24 h Intervals thereafter to 
ensure the continued presence of TPA 

2 2 Measurement of CK actwty and lsoenzyrne 
patterns 

Control and TPA-treated cultures were harvested 
after 72 h of development, somcated m 50 mM 
Trts-HCl buffer, to which drthtothrettol (100 mM) 
was added, and then frozen at - 80°C until 
assayed. Upon thawing samples were centrifuged 
at 12 800 x g for 5 mm and assayed for total CK ac- 
tivity using the Boehrmger Mannheim N- 
acetylcysteme acttvated CK kit. Separatton of the 
CK tsoenzymes was achieved by ton-exchange 
chromatography using DEAE-Sephadex as de- 
scribed m [ 181 

2 3. Adenylate cyclase assay 
Homogenate (30-50 pug protein) was incubated 

at 37°C for 5 mm in assay mixture (0.15 ml) con- 
taming 50 mM glycylglycme (pH 7.5), 4 mM 
MgC12, 0.5 mM EGTA, 1 mM CAMP (contammg 
10000 cpm as cyclic [3H]AMP), ATP-regeneratmg 
system (20 mM creatme phosphate, 8 units creatme 
kmase), tsomethylbutylxanthme and 0.4 mM 
[w~‘P]ATP. Other details were as described 
prevtously [19,20]. The concentrations of GTP, 
Gpp(NH)p, ISO, and forskohn are listed m table 
2. Protem was estimated according to Lowry et al 
[21] using bovine serum albumin as the standard 
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3 RESULTS AND DISCUSSION 

The continuous presence of TPA (0.1 PM) m 
primary cultures of chick myoblasts mhtbtted fu- 
sion As shown m fig. 1, extensive myotube forma- 
tion was present m control cultures by 72 h m vitro 
whereas only large clusters of non-fused cells were 
observed m TPA-treated cultures. Quantitative 
measurements of the fusion index showed, that 
after TPA treatment, the number of nuclei present 
m myotubes was never more than 10% of the total 
cells present 

Several markers have been used to study the nor- 
mal course of dtfferenttatton of presumptive 
myoblasts to myotubes m cultures of skeletal mus- 
cle CK 1s a dtmertc enzyme that exists m two prm- 

Fig 1 Photomlcrograph (A) of a control muscle culture 
prepared from myoblasts isolated from 1 I-day-chick 
embryos and mamtamed m vitro for 72 h Note extensive 
myotube formation In (B) fusion was blocked by the 
presence of 0 1 ,uM TPA beginning 8 h after plating 
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ctpal isoenzymic forms, the MM-CK dimer in adult 
skeletal muscle and the BB-CK dimer in early em- 
bryonic muscle. The heterodimer MB-CK exists 
transiently during early differentiation of skeletal 
muscle. Both total CK actvity f22] and the time 
course of appearance of the rsoenzymes have been 
used as markers of differentiation [23]. 

When CK actrvrty was compared m control and 
TPA-treated cultures harvested after 72 h of 
culture there was a significant deficit of CK activi- 
ty in TPA-treated cultures (table 1). It should be 
noted that this effect of TPA on CK activity oc- 
curred m the absence of a significant effect on total 
protein content of the cultures (table 1). Examina- 
tion of the isoenzyme profile revealed that the 
rsoenzyme CK-MM was absent from TPA-treated 
cultures, the heterodlmer CK-MB was decreased 
and the CK-BB form markedly mcreased (table 1). 
Since CK-BB is known to be the primary tsoen- 
zyme present rn undifferentiated myoblasts, the 
present data Indicate that the presence of TPA m- 
hibits differentiation of the presumptive myoblasts. 
The preponderance of the CK-BB form mdrcates 
that in the presence of TPA the myoblasts contmue 
to replicate but do not withdraw from the cell cycle 
to enter a differentratmg state m preparatron for 
fusion. 

Table 2 summarizes the results of the effect of 
TPA on myoblast homogenate AC activity mea- 
sured under various assay condrtions. The enzyme 
actlvnres determined in the presence of N, ac- 
tivators like NaF or Gpp(NH)p [24] and in the 
presence of IS0 plus GTP were significantly higher 

m the TPA exposed myoblast fraction. Basal ac- 
tivity (measured without added activators of the 
enzyme) was also htgher. Since homogenate en- 
zyme activity was measured, there is the likelihood 
of the presence of endogenous GTP m homogenate 
and thus basal activity may not reflect the activity 
of the ‘true basal’ state of AC. AC measured with 
forskohn present was also higher m the TPA- 
exposed myoblast preparations. Forskohn IS 
believed to act on the catalytic unit of AC 1251, 
although it can potentrate the effect of N, ac- 
tivators on the enzyme [25]. The P-adrenergic 
stimulation (with GTP present) was determined in 
the presence of saturatmg concentratrons of ISO. 
However, in preliminary experiments, we noted 
that TPA treatment did not alter the affinity 
towards this &receptor agonist (not shown). Thus 
these results mdrcated that TPA treatment altered 
the ‘funtional interaction’ between the N, and C 
subunit of AC, which seemed to be more effective 
m stimulating the cyclase actrvrty. Mn*’ IS known 
to increase AC activity, in fact even to a greater ex- 
tent than Mg2+ and the evidence supports its 
stimulation occurring via action on the catalyst 
TPA treatment increased only modestly 
Mn’+-stimulated AC (not shown). This indicates 
that the major site of TPA action is the N, protem 
and not the C unrt of AC. 

The 3 alterations (mhibrtron of fusion and of the 
expression of CK-MM, and actrvatlon of AC) 
evoked by TPA exposure of myoblasts offer an m- 
teresting opportumty to comment on whether 
CAMP plays any role in the fusion of myoblasts or 

Table 1 

Effects of fuston-mhtbttmg concentratton of TPA (0 1 FM) on protem content, creature kmase 
actrvtttes, and creatme kmase tsozymes of myoblasts m prtmary cultures 

TPA m 
myoblast 

Protem content Creatme kmase (untts/mg Isozymes 
(mg/drsh, 6 protein) (070) 

culture medium wells) 
Homogenate Supernatant MM MB BB 

Absent 1 07 4 73 8.45 28 9 41 0 30.1 
(0.07) (0 26) (0 65) (3 65) (3.6) (2 3) 

Present 1 21 1 84 2 63 0 
(0 12) (0 16)” (0 35Y 

Values in parentheses represent -t SE, n = 8 
aSrgnlftcantly lower (p<O 02) than control 
‘SigniflcantIy htgher (p<O 02) than control 

23 9 75 8 
(5 4) (s.4)b 
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Table 2 

Effect of exposure to TPA of myoblasts on adenylate 
cyclase actlvltles 

Assay addition Adenylate cyclase actlvlty (pmol 
CAMP/mm per mg protein) 

None 
Forskohn 
NaF 

GPP(NH)P 
Isoproterenol 

Control 
myoblasts 

14 * 2 
78 * 3 

109 * 9 
56 f 3 

Treated 
myoblasts 

20 + 2 
136 + 5 
137 f 6 
145 * 7 

+ GPP(NH)P 
Isoproterenol 

60 + 4 150 * 7 

+ GTP 20 -t 1 30 * 2 

Results are means ? SE, when present, NaF, 
Gpp(NH)p, isoproterenol and GTP were 5,O 1,O 05 and 
0 05 mM, respectively Myoblasts were exposed for 3 
days to TPA (0 1 PM) (treated myoblasts) prior to their 
use Control myoblasts were cultured ldentlcally but m 
the absence of TPA The enzyme activity was deter- 
mmed wlthm 10 mm of homogenlzatlon (by somcatlon) 

of myoblasts 

m the post-fusion dlfferentlatlon process and if 
there 1s any relation between the expression of CK 
lsozymes and the state of dlfferentlatlon The 
observations that a transient rise m CAMP precedes 
the fusion of myoblasts [lo] and that prostaglan- 
dms or IS0 via elevation of CAMP augment the 
onset of fusion [ 1 l] have been challenged [26]. Re- 
cent studies [26] m fact show that an increase in 
CAMP 1s seen reproducibly after fusion and m pro- 
liferative states We report here, that marked m- 
creases m the CAMP synthetic enzyme activity are 
noted when the fusion 1s almost completely m- 
hlblted and myoblasts are m the state of ‘de- 
differentiation’ or prohferatlon It may be that the 
higher CAMP content m these myoblasts 1s at- 
tempting to ‘force’ them to fuse but TPA-mduced 
blockade of the fusion cannot be overcome It IS at 
the same time attractive to consider that higher 
CAMP content is m some way related to the mhlbl- 
tlon of the expression of CK-MM forms, which ad- 
mittedly 1s also dependent on the state of dlfferen- 
tlatlon. The latter has been well-documented 
However this 1s a paradoxical sltuatlon For exam- 
ple, m the Ca2+ -induced myoblast fusion, which 
leads to elevation of CAMP faster than the increase 
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m CK activity [26], it has been postulated that 
CAMP may be involved m the expression of the 
CK-MM form actlvlty. We m fact observed the 
reverse, i.e. higher CAMP synthetic ability asso- 
ciated with the low CK activity. It was also noted 
that TPA exposure did not elevate CAMP phospho- 
dlesterase (unpublished). 

On the other hand, there exists a suggestion that 
phosphohpld metabolism 1s critical m the overall 
process of myogenesls m vitro [26] and m par- 
ticular the likely mvolvement of phosphatldyl- 
mosltol has been suggested. There 1s growing sup- 
port for the view that a maJor target for TPA ac- 
tion 1s protein kmase C [ 151. It IS thus tempting to 
consider that the mhlbltory effect of TPA on 
myoblast fusion and the activation by TPA of the 
,&adrenerglc receptor linked AC system of myo- 
blasts are linked to the activation of protein kmase 
C It could be that the couplmg protein N, 1s a 
substrate for the kmase C-catalyzed phosphoryla- 
tlon such that the functional interactlon between 
N, and C 1s dependent on the state of N, 
phosphorylatlon. Whether this bears any relation 
to the mhlbltory effect of TPA on the fusion of 
myoblast, however, requires careful further 
examination. 
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