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• muscle contraction requires calcium that is stored in the sarcoplasmic reticulum  (SR)

• the ryanodine receptor forms a channel in the membrane of the SR of skeletal muscle 
through which calcium can flow

• following a signal, the channel opens to release calcium from the higher concentration in 
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o ow g a s g a , e c a e ope s o e ease ca c u o e g e co ce a o
the SR to the lower concentration in the cytoplasm and the muscle contracts

• after contraction is complete calcium returns to the inside of the SR

• return of calcium to the SR requires energy input from ATP because the calcium is moving 
from a lower concentration to a higher concentration, like climbing a hill
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Figure 1. Calcium flows into the muscle cell through ryanodine receptor (RyR) channel to cause contraction 
(left). In malignant hyperthermia (right), the RyR is defective causing it to allow excess calcium to enter 
the muscle cell. The muscle contracts more than normal becoming rigid and leading to damage. Damage 
causes loss of contents; enzyme such as creatine kinase and myoglobin that damages kidney. Dantrolene, a 
drug, blocks the RyR so less calcium flows out the channel.
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Figure 2. After contraction, calcium is pumped, at the cost of ATP (ATP ÆADP), from the muscle cell back 
into the sarcoplasmic reticulum (SR) (left). In malignant hyperthermia (right), much more calcium had 
been moved into the cell so that much more must now be pumped back. Consequently the energy 
consumption is much greater. This greater energy consumption produces a lot of excess heat (hyperthermia)


