High frequency doublet stimulation enhancesthe rate of force development in fast-twitch
skeletal muscle by increasing early binding of Ca?* to the second binding site of troponin C
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Introduction: Fast-twitch skeletal muscle fibres are ofteqp@sed to high frequegpanotorneuron double
dischages which are reported to increase both the rate of contraction and the magnitude of the resulting force
responses. Previous findingsrhaiggested that an initial 200 Hz doublet action potential at the start of tetanic
stimulation enhances force production by significantly increasing the amplitude of initial sarcoplasmic reticulum
(SR) C&" release compared to controls (no doublet, Chenngl, 2013). Havever, limitations in preious
tracking of gtosolic C&* ([Ca?*] o) due to the use of a high-affinity €aindicator and insufficient temporal
resolution (500 Hz) hee led to a dlstorted we of the tetanic C& response in previous reports (Chesigal,

2013). Consequentlyhe relationship between doublet stimulation, the resulting changesz”fjc[mad rates of
force deelopment are unlikely to v been accurately determined. The aims of this study were to accurately
track [Ce%"] during doublet stimulation in isolatedst—twitch fibres and to use this data to model the effects of
doublet- mduced SR Carelease on intracellular €sbinding and force enhancement in fast twitch fibres

Methods. Mice were euthanased and the interosseous musclesregm®ingle interosseous fibres
(isolatedvia collagenase digestion) were loaded with Mag-Fluo4Mp and maintained in Kreb’'Ringer,
containing the myosin inhibitor BTS (1QMM). Fibres were aotated by 10 action potentials at 120 Hz with or
without (control) an initial 200 Hz doublet action potential?>Ciuorescence was captured at 9 kHz using a
Zeiss 5 Lve monfocal microscope in line-scan mode. Modelling of ttieat$ of doublet stimulation on binding
of C&* to cytosolic liffers and force production was undertaken using a similar approach to that of Baylor &
Hollingworth (2003).

Results: In this study 200 Hz doublet stimulation did not significantly alter the amplitudes of tRé Ca
responses. Heever, doublet stimulation did increase the minimum fluoresceradeevbetween Ca transient
spikes (MFBCS) by approximately 200% compared to controls (control initial MFBCS: &12082% of 6th
Ce* response; doublet: 111.2713.19% of 6th responsB<0.05). Modelling of the changes in C&inding to
the main intracellular G4 buffers of troponin, paalbumin and the SR Capump during tetanic Carelease
shaved that the main effect of the second response in the doublet is to more rapidly increase the occupation of
the second C4 binding site on troponin C (Tnf resulting in earlier actation of force.

Conclusion: Doublet stimulation maintains high €alevels for longer in the early phase of the’Ca
response, resulting in earlier saturation of Jm@h C&*, faster initiation of cross-bridgeyding, and a more
rapid onset of force @elopment.
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