
For decades, scientists have known that en-

durance exercise training increases the num-

ber and activity of mitochondria in skeletal 

muscle cells. Skeletal muscles are muscles at-

tached to bones that are voluntarily controlled 

(e.g., biceps). Mitochondria are small cell 

structures that are responsible for producing 

energy from chemical reactions, in order to 

meet the cell’s energy needs. Following exer-

cise, high calcium concentrations and low en-

ergy levels in muscle cells trigger the produc-

tion of a protein called PGC-1α through a num-

ber of intermediate chemical “signals”. PGC-1α 

increases the level of mitochondrial proteins 

in the cell by activating or “turning on” the 

corresponding genes. New research is show-

ing that there may also be proteins that have 

the opposite function to PGC-1α – instead of 

“turning on” mitochondrial protein genes, they 

“turn them off” – decreasing the activity of mi-

tochondria. RIP140 has been identified as one 

such protein, and it may also directly inhibit 

the activity of PGC-1α. Despite the importance 

of RIP140 in regulating mitochondrial activity 

in skeletal muscle tissues, little research has 

been done to study how this protein is itself 

regulated.  

Exercise, or injection with the chemical signals re-
leased following exercise, increased the produc-
tion of mitochondrial proteins in muscle cells. In-
creased levels of the activating protein PGC-1α 
alone were able to bring about the increase in mi-
tochondrial activity, even when levels of the inhib-
iting protein RIP140 remained high. This means 
that the production of mitochondria in skeletal 
muscle following exercise is not controlled by a 
reduction in RIP140, as was previously thought. 
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Following exercise, complex chemical 

signals control the activity of energy-

producing mitochondria in muscle cells   

Groups of adult male rats were exercised 
either daily for two weeks, or for a single 
two hour session. Other groups of rats re-
ceived injections of one of two naturally 
produced chemicals known to increase mi-
tochondrial production (by increasing PGC-
1α) in the body, in either a single dose or 
over six weeks. Human subjects performed 
either two minutes of maximal effort exer-
cise, or six exercise sessions over two 
weeks. Muscle tissue samples collected 
from both the rat and human subjects were 
then analyzed to see how active the PGC-
1α, RIP140, and mitochondrial protein 
genes were following exercise or injection 
with a signal associated with exercise.  

http://www.uoguelph.ca/research/omafra/partnership/KTT_and_IP.shtml
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In rats and humans, both short- and long-
term exercise programs increased the activi-
ty of genes associated with mitochondrial 
proteins and the amount of these mitochon-
drial proteins in the muscle cells. Surprising-
ly, although levels of the activating protein 
PGC-1α increased following exercise (as ex-
pected), levels of the inhibitory protein 
RIP140 remained the same or even in-
creased. Experiments in which rats were in-
jected with the chemical signals that are nor-
mally released following exercise produced 
similar findings. These results suggest that 
an increase in the activating protein PGC-1α 
alone increases production of mitochondrial 
proteins, even when the level of the inhibit-
ing protein RIP140 remains high.  
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Physiologists can use this research to bet-
ter understand how exercise, and the dif-
ferent chemical signal pathways associated 
with exercise, can affect the production of 
mitochondrial proteins in skeletal muscle.  

Scientists can further this research by 
studying why muscle cells produce both 
the mitochondrial inhibiting protein 
RIP140 and the mitochondrial activating 
protein PGC-1α following exercise.  
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