
Muscle cells as an extraordinary example
of transduction of electrical signals into Ca2+ signals



Cardiac muscle: transduction of electrical signals 
into “global” and “graded” Ca2+ signals

1. Synchronous contraction of sarcomeres

2. Graded strength of contraction
(highest frequency: 180-200 beats/min)



Ultrastructure of cardiac muscle cells:
regular distribution of the ON mechanisms
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The cardiac
e-c coupling mechanism

Intracellular stores
synchronously amplify the Ca2+ signal

(global Ca2+ signal)

Larger is the influx of Ca2+

larger is the amplification via CICR*
(graded Ca2+ signal, sympathetic nervous system control)

(*CICR = Ca2+-induced Ca2+ release mechanism)



Uncoupling of voltage-dependent Ca2+ channels
and Ca2+ releasing units



Uncoupling of voltage-dependent Ca2+ channels
and Ca2+ releasing units



Skeletal muscle: rapid transduction
of electrical signals into “global” Ca2+ signals

1. High stimulation frequency

2. Synchronous contraction of sarcomeres



Ultrastructure of skeletal muscle cells:
widely distributed sarcoplasmic reticulum and triads
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Triad:
1 T-tubule
2 Terminal cysternae



Contraction of skeletal muscle cells
does not require Ca2+ influx



[Ca2+]i transients
in skeletal muscle cells

[Lorenzon et al. (2002), Exp. Cell Res. 278: 84-91]



The cardiac
e-c coupling mechanism

requires extracellular Ca2+



The morphology of triads: the release units 

- foot and feet



(modificata da Ríos and Pizarro, 1991)

Feet and triads





The mechanical link



The skeletal excitation-contraction coupling mechanism

???



The Ca2+ release preceeds the Ca2+ influx 

Figure 10. The role of CaV1.1 VSDs: fast and slow VSDs control RYR1 and CaV1.1 activation, respectively. (A) Scheme depicting the main players in the skeletal 
muscle EC coupling process: RYR1 (orange) is unable to sense depolarizations of the sarcolemma because of its localization in the intracellular SR. RYR1 is in 
physical contact (directly or via auxiliary proteins) with CaV1.1 channel (red), which is inserted in the sarcolemma and confers voltage dependence to RYR1. At 
rest, both channels are closed, and the skeletal muscle is relaxed. (B and C) Upon depolarization, the VSDs of CaV1.1 channels (blue and green) rearrange. VSD-II 
and VSD-III kinetics are compatible with the SR Ca2+-release time course; thus, we propose that their movement mechanically and rapidly propagates to RYR1 (B), 
allowing for SR Ca2+-release: VSD-II and/or VSD-III constitute the voltage sensor(s) of skeletal muscle contraction. On the other hand, VSD-I (blue) activates with 
slower kinetics compatible with CaV1.1 opening. Indeed, combining fluorometry, mutagenesis, and mathematical modeling, we demonstrated that VSD-I 
contributes the most energy to CaV1.1 activation (C). While each homotetrameric RYR1 interacts with four CaV1.1 channels, for clarity, the cartoon only depicts 
one CaV1.1 interacting with one monomer of RYR1. This scheme was created with http://www.BioRender.com.
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Coupled and uncoupled junctional RyRs

Ca2+ induced Ca2+ release 
(CICR)

voltage-dependent Ca2+ release voltage-dependent Ca2+ release 



Activation of uncoupled junctional RyRs

- coordinated-gating hypothesis (RyRs are mechanically linked)


