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FIGURE S1: Mechanical model of a hair bundle 

 

 

Fig. S1A shows a hair cell with a few of the 30-50 stereocilia that typically comprise a bundle. Horizontal 
displacement of the bundle is denoted by X, with positive direction chosen to be towards the tallest 
stereocilia. The transduction complex (dashed box in Fig S1A) is depicted in Fig S1B. Displacement of 
the myosin motors, denoted by Xa, is taken to be positive in the downward direction. While the 
transduction channels have been shown to be located at the lower end of the tip link in mammalian hair 
bundles (1), this location is not known in the amphibian counterpart. We arbitrarily depict the channel to 
be at the top end in the diagram but note that placing the channel at the lower end of the tip link would not 
significantly alter the model. The myosin motors are anchored to the insertional plaque near the 
transduction channel (black rectangle in the diagram). The variable gating spring with stiffness Kgs is 
illustrated in Fig S1C. The gating spring consists of two elastic elements in parallel, one of which has a 
calcium-dependent stiffness (Kgs1pgs), while the stiffness of the other element is constant (Kgs0). The total 
stiffness of the combined springs (Kgs) is always positive.  
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Table S1 

Parameter Definition Fig 1B, 3B, 
4-6, 8B, 9B 

Fig 1C Fig 2 Fig 3A Fig 7B 

rm (nm) Distance from the transduction channel to adaptation motor 20 100 20 20 20 

N Number of transduction channels 45 

γ Geometrical gain of stereociliary shear motion 0.14 

d (nm) Distance of gating spring relaxation on channel opening 7 

po,0 Resting open probability of transduction channels 0.5 

km,on(1/sM) The rate of calcium binding to the adaptation motor 30×106 10×106 30×106 10×106 10×106 

km,off (1/s) The rate of calcium unbinding from the adaptation motor 15×103 5×103 15×103 5×103 5×103 

Smax(m/sN) The maximal rate constant for slipping adaptation 640×103 800×103 800×103 550×103 400×103 

Smin (m/sN) The minimal rate constant for slipping adaptation 0 

Cmax (m/s) The maximal rate constant for climbing adaptation 0.058×10-6 0.04×10-6 0.058×10-6 0.055×10-6 0.02×10-6 

Cmin (m/s) The minimal rate constant for climbing adaptation 0 

Xsp (nm) Resting deflection of stereociliary pivots 236 200 236 190 200 

Xes (nm) Resting deflection of extension spring 0 40 0 20 0 

Xc (nm) Resting extension of gating spring with channel closed 17 16 17 15 14 

Kes (μN/m) Stiffness of extent spring 140 

Ksp (μN/m) Stiffness of stereociliary pivots 310 550 310 330 300 

Kgs0 (μN/m) Stiffness of gating spring in the absence of calcium 2550 3000 2550 2200 2650 

Kgs1 (μN/m) The slope of stiffness change with bound calcium 2000 2800 2000 1600 2100 

Kgs,on (1/sM) The rate of calcium binding to the variable gating spring 30×106 60×106 30×106 30×106 5×106 

Kgs,off (1/s) The rate of calcium unbinding from the variable gating spring 30 50 30 33 3.3 

Table S1 Parameter values in simulations 


