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Figure S1. The numerical results from the single half-sarcomere model. In (a, c, e), the
half-sarcomere is connected with the external spring. The parameters for the passive
properties were k. = 1 MPa, ky, = 0.5 MPa, k;+ = 0.1 MPa, k;; = 0.01 MPa,
and krr = 0.1 MPa. The spring constant of the external spring was k; = 20 [KPa/
um]. In (b, d, f), the half-SL was fixed, and thus the active tension is solely determined
from the crossbridge dynamics. (a, b) Time transients of the half-SL (black) and the
active tension (red). (c, d) The time transients of populations of the bound states (Pi
release, green; ADP, orange; Rigor, brown). Because the applied Ca** concentration
([Ca] = 0.2 uM) is an intermediate concentration value for activation, the populations of
bound states are relatively small. (e, f) The time transients of the state transition currents
between the ADP state and the Rigor state. The power-stroke currents are coloured

orange, while the reversal power-stroke currents are coloured green. In cases with an



external spring, a rapid increase in ADP state () is observed, along with an increase in

reversal power-stroke current (e) and the avalanche of reversal power-strokes.
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Figure S2. Numerical results from the single half-sarcomere model connected with the
external spring. The parameters for the passive properties were k, = 1 MPa,

kyz = 0.5 MPa, k;r = 0.1 MPa, k;; = 0.01 MPa, and k;r = 0.1 MPa. The spring
constant of the external spring was k;r = 20 [KPa/um]. The contours of the time
course of the densities with respect to the myosin rod strain for the Rigor state (b), the
ADP state (c), and Pi release state (d) are depicted along with the time transients of the
half-SL (a). In the Rigor state (b), the centre of the distribution shifted to the larger rod
strains towards when sarcomere shortening slows down. Such a distribution shift has a
major impact on balancing the frequency of the power-strokes and the reversal

power-strokes determined by equation (9). See also Supplementary Fig. Sle.
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Figure S3. Plots of the SL-LS relationship for SPOC using the experimental results
from the rabbit iliopsoas muscle (a) and the numerical results from the standard SPOC
model (b). The red lines represent the SL-LS relationship givenby R(A4,u) =1—1+
2Br(u — 1) = 0, with B = 2. For the experimental results (a), the stretching
parameter u in the transverse direction was found by assuming that the unloaded

A-band width was equal to 1.26 um.



a b
20jEmamem é )
- .;?Ef- § : 59
--‘1'.'.-‘.' %.E 2 .
0 b
20 ?! f BT ;?,-" TS 0 Time [s] 20
g 2 { ammns c 2T T 0s2
=20 40 ol —_ 0.
5 20 | 0.4
WL os 2
o - - |
e 1% » J0.9s
3 40 60 1

%5 96 97 98 99 100

"W + "

006 =X

U,

L 1 L L 1 L L
09— 2727 23 24 25
SL [um]

Time [s]

Figure S4. Numerical results of the standard SPOC model using a weaker stiffness for
the inverse SL-LS relationship (k;r) and the transverse stretching (k). The parameters
for the passive properties were kyy, = 1 MPa, ky, = 0.5 MPa, k;r = 0.025 MPa,
k;;, = 0.01 MPa, and k;r = 0.01 MPa. (a) The spatiotemporal pattern of the SL from 0
s to 100 s. The pattern starts with out-of-phase synchronization (0 s—20 s), which then
became a disrupted traveling wave (20 s—60 s), and finally settled into a traveling wave
(60 s—100 s). (b) The spatiotemporal pattern of the SL from 0 s to 20 s for the standard
model, in which k; = 0.1 MPa and k;; = 0.1 MPa. (c) The time transients of the SL
(black) and the transverse stretching parameter u of the sarcomere consisting of #19
and #20 half-sarcomeres. The negative of p is plotted to show the relationship with the
SL. (d) Plots of the SL-LS relationship in (b). The red lines indicate the SL-LS

relationship represented by R(4, 1) =1 -1+ 2Bz —1) =0 with g = 2.
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Figure S5. Numerical results of the SPOC model using auxotonic boundary conditions.
The time transients of the active tension (T,.;: black) and the longitudinal passive force
(k.rR: red) generated by the inverse SL-LS relationship are superposed for the half
sarcomeres from #17 to #22. The fluctuations of active tensions were caused by changes
in the tension at the myofibril boundary. Although the profiles of the active tensions

were irregular, all of them were similar.
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Figure S6. Numerical results of SPOC in the insect flight myofibril model consisting of
5,000 half-sarcomeres using the weaker stiffness for the lattice alignment (left:

kyum = 25 GPa, kj; = 12.5 GPa), and with weaker stiffness for the inverse SL-LS
relationship (right: k;,+ = 0.02 MPa). (a, b) The time transient of the tension generated
at the free end of the myofibril, in which resistance with a friction coefficient

y.g = 20Pa-s/mm was imposed. (c, d) The time transient of the total myofibril length.

(e, f) The spatiotemporal pattern of SL for all of the sarcomeres.
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Figure S7. Time transients of the half-LSs and the passive tensions from the inverse
SL-LS relationship (k,+R(A, 1)) during half-sarcomere lengthening. (a) The time
transients of the half-SLs of #20 and #21 in the standard SPOC model, in which the
lengthening wave propagated from #40 to #1 (Fig. 4). The blue line is the passive
tension from the inverse SL-LS relationship at the half-sarcomere #20. The drop in this
passive tension starts at the same time as the rise in the half-SL of the adjacent upstream
half-sarcomere #21 (black line). The rise in the half-SL of #20 (red line) started after the
half-SL of #20 reached its maximal value. (b) The time transients of the half-SLs of
#2001 and #2050 in the IFM model, for which the lengthening wave propagated from
#1 to #5000 (Fig. 9). The blue line is the passive tension from the inverse SL-LS
relationship for the half-sarcomere #2500. The drop of this passive tension started
earlier than the rise in the half-SL of #2001 (black line), which was located
approximately 50 half-sarcomeres away in the upstream direction from #2050. Further,

the increase in the half-SL of #2050 (red line) started much earlier than the completion



of lengthening of #2001 (black line). These features of wave propagation differed

markedly from those observed in the standard SPOC model.
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Figure S8. Numerical results from the single half-sarcomere model. Except for the
upper limits of the reversal power-power stroke transition rate constants (b;, b,), all the
parameters were set to the same values as those in Supplemental Fig. S1. The upper
limits were setas b, = b, = 62.5 [1/s], which are half of the values of the standard
SPOC model. (a) Time transients of the half-SL (black) and the active tension (red). (b)
The time transients of populations of the bound states (Pi release, green; ADP, orange;
Rigor, brown). Because the applied Ca** concentration ([Ca] = 0.2 pM) is an
intermediate concentration value for activation, the populations of the bound states are
relatively small. (c) The time transients of the state transition currents between the ADP
state and the Rigor state. The power-stroke currents are coloured orange, while the

reversal power-stroke currents are coloured green. Compared with the numerical results
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in Supplemental Fig. S1, the oscillatory behaviour almost disappeared. In particular, the

increase of the transition current from the Rigor state to the ADP state was lost (c).
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