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CALPAEV ACTIVITY IN A CULTURED MUSCLE CELL LINE IS INCREASED BY ADRENALINE

Department o f Dairy and Food Science, The Royal Veterinary and Agricultural University, Rolighedsvej 30,

Knowledge concerning regulation o f  the cellular level o f calpain is very limited. Adrenaline is secreted in response to a low 
blood glucose level and can participate in the hormonal regulation o f protein metabolism. Adrenaline-injected pigs showed an 
increased amount o f extractable p-calpain from longissimus dorsi muscle (Ertbjerg et at., 1999) and it was proposed that low energy 
stores in vivo lead to increased calpam-induced proteolysis in pig muscle. Sensky et al. (1996) infused pigs intravenously with 
adrenaline for 1 week, but in contrast to the more acute effect o f adrenaline in the above study, there was no effect on the m- and u- 
c pain activity o f  the muscle at time o f slaughter. Raising the circulating adrenaline level over a 7-dav period increased the extractable 
calpastatin actmtym cardiac and skeletal muscle (Parr et at, 2000). The adrenaline-induced effect on the calpain system in pigs may have 

een a result o f side-effects from the treatment (e.g. from changes in blood insulin concentrations or from altered nerve responses) 
i  ne ettect ot adrenaline on the calpain system in muscle is therefore not well described.

The purpose o f the present study was to investigate the effect o f adrenaline on the calpain system o f muscle cells more directly by
using a cultured mouse muscle cell line (C2C12). 7 7

Methods
C ell culture an d calpain  extraction

° r . ,,a7 l was ,,lauc UP lu JUU rmvl Wltn a 5 M solution) and centrifuged 20 min at 15,000 x g. To determine calpain
acrivity the enzymes were partly purified by chromatography on Phenyl-Spepharose and Mono Q columns essential as described (Ertbjerg et. al, 1999).

" “T ?  W» * 1  me proper pn. fluorescence was measured using an Aminco-Bowman spectrophotofluorometer with an excitation 
wavelength o f 488 nm and an emission wavelength o f 520 nm. A 75 nM standard solution o f FITC at pH 8 5 was used to set the 
output to 5.0 V. Results were corrected for background by using 30 mM EDTA instead ofCaCl, in the incubation medium. One 
fluorescence unit (FU) o f calpain activity was defined as the amount o f activity in the assay resulting in the release o f casein-FITC 
peptides per mm with fluorescence corresponding to 1 pmol o f FITC.
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C alpastatin an d  protein  determ ination

sa*?pI® from i!?e hom°g enate e* ract removed for calpastatin determination was heated at 100 °C for 5 min and centrifuged at zu,uuu x g  tor 4 min. The calpastatin activity in the snnematant j :i. _____•

Results and discussions

__11 -.1 j  . . . .  r  “““ aw uviiy UI u ic  euium n eiuaie. i^oncontrol cells with the adrenaline-treated cells, there was a significant 3-fold increase o f p-calpain activity, expressed in either
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u°rescence units per culture flask (P<0.05, Fig. 1) or fluore

scence units per mg protein in the cell homogenate (P<0.05, 
tcsults not shown). A similar result was obtained with m-cal- 
Pam activity approximately increasing 3-fold in the adrenaline- 

ated cells. The increase in m-calpain activity expressed as 
61 er per culture flask or FU per mg protein was signifi
cant (P<0.05). Following adrenaline treatment the calpastatin 
activity per culture flask increased by 16% (P<0.01), and by 

/ “.when expressed per mg o f protein (P<0.001, Fig. 2). Therelative
thereft increase o f calpains after adrenaline treatment were 
.. ore considerably higher than that o f their inhibitor (ca.

vs 36%), which may have resulted in increased in situ 
Proteolytic activity. The calpain system has been suggested to 
rnitiate turnover o f myofibrillar proteins by making specific 

ravages that release thick and thin filaments from the surface 
0 the myofibril (Goll el. al, 1989, 1992). In the present study, 
a renaline treatment resulted in a 16% decrease (P<0.05) in the total
therefc protein content in the C2C12 cell homogenate. It is
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Figure 1. Quantification of the two Ca2+-dependent proteolytic activities 
in C2C12 cells. Mean ± standard deviation for three separate experi
ments are shown.ore possible that a relationship exists between the increa- 

® evel o f calpains and the decreased level o f total protein in 
e cell homogenate.

In mammals the total amount o f muscle mass depends on the rates o f  both protein synthesis and protein degradation. A 
rategy to promote growth o f farm animals is to reduce protein degradation. Synthetic p-adrenergic agonists are known to be able to 

lncrease muscle growth. When supplemented in the diet, these compounds have been shown to affect the calpain system o f sheep and 
cattle. Administration o f p-adrenergic agonists for weeks has, in several studies, been shown to result in an increased level of

Pastatin and in a decreased p-calpain to calpastatin ratio. This is in contrast to the observed increase in g-calpain activity in porcine 
following adrenaline injection 15 h before slaughter (Ertbjerg et a l., 1999) and the increase in p- and m-calpain activity in 

■ 2 cells following adrenaline addition 18 h before harvesting (Fig. 1). The contrasting results could be caused by factors such as 
j ^te Vs chronic effects, differences in receptor subtype binding and receptor desensitization (down regulation), which are known to 

Uence the response o f adrenergic agonist.
, Increased levels o f calpains have been reported in conditions o f muscle wasting. Breakdown o f muscle proteins in starvation is
^  Wn to provide amino acids for gluconeogenesis and energy metabolism, but the cellular mechanisms o f skeletal muscle atrophy 

ng fasting is not well understood. Adrenaline is secreted in 
Ponse to a low blood glucose level and can participate in the 

ne - ° na* reguIation o f protein metabolism. Injection o f adrenali- 
el P'8S increased skeletal muscle p-calpain activity (Ertbjerg 
j '* 1999), and it was proposed that low energy stores in vivo 

to lr>creased calpain-induced proteolysis in pig muscle, 
wever, the adrenaline-induced effect on the calpain system in 

^ gs may have been a result o f side-effects from the treatment 
. « / c m  changes in blood insulin concentrations or from al- 
ceU nePVe resPonses) The present experiment, using a C2C12 
a Cuhure that does not have connection to blood circulation or 
efJervous system, is therefore the first study that shows a direct 

c ° f  adrenaline on the calpain system in muscle cells.
Pr+k- further information on the study can be obtained from
CrtbJerg etc /., 2 0 0 0 .

The C*US'0nSle . ata demonstrate that adrenaline treatment increases the 
c°uld°^" an<̂  m' ca P̂a*n 'n C2C12 cells. Overall, the results 
of n SUggest that adrenaline may be involved in the regulation
Prrvt°tein metabolism through activation o f the calpain system, which in turn has been suggested to initiate turnover o f myofibrillar

Figure 2. Quantification of calpastatin activity in C2C12 cells. Mean 
± standard deviation for three separate experiments are shown.

. ‘»wwiijiu u u u u ^ ii avuvaiiuu u t tut* caipum ujjivni, m u w i in tu rn  m u  utwi uumiww «
lns hy making specific cleavages that release thick and thin filaments from the surface o f the myofibril.
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