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Table S1. Prescribed criteria for the optimization

observable prescribed value experimental conditions
velocity −6 nm/s [ATP] = 10 µM, F = −15 pN
velocity −23 nm/s [ATP] = 1000 µM, F = −15 pN
velocity 140 nm/s [ATP] = 10 µM, F = 0 pN
velocity 460 nm/s [ATP] = 1000 µM, F = 0 pN
velocity 210 nm/s [ATP] = 10 µM, F = 15 pN
velocity 520 nm/s [ATP] = 1000 µM, F = 15 pN
processivity 110 steps [ATP] = 1000 µM, F = 0 pN
#ATP hydrolyzed/step 1.35 [ATP] = 1000 µM, F = 0 pN
#fwd/#bwd steps 400 [ATP] = 1000 µM, F = 0 pN
stall force −6.75 pN [ATP] = 1000 µM

The cost function for each of the first 9 observables has been set to (X −X0)
2/X2

0 , where X stands for the
observable and X0 is its prescribed value, whereas for the last observable it has been set to (X −X0)

2/(1 pN)2.
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Fig. S1. Simulation results IV: Several observables for increased values (by 0, 3, 6, 12, and 24 kBT ) of the free energy changes of neck linker docking (∆GT,T∗

and ∆GD,D∗ ) compared to the values of Table 1, at 1 mM ATP as functions of the external load.

Fig. S2. Simulation results V: The gray areas indicate the parameter range along the ∆GT,T∗ – ∆GD,D∗ plain, where the given stall loads (4, 5, 6, and 7 pN) at
[ATP] = 1000 µM can be attained by our model, in such a way that all the first 9 prescribed conditions in Table S1 are also obeyed.
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Movie S1. Flux distribution in the state space at low (10 µM) ATP concentration: The left panel (on a dark gray background) indicates how the velocity, the randomness,
and the ratio of the numbers of forward and backward steps of kinesin change as the external force F is varied from−15 pN to 15 pN at low (10 µM) ATP concentration.
Simultaneously, the right panel shows the steady-state occupancy distribution (with the areas of the black squares being proportional to the occupation probabilities
of the corresponding kinetic states) and flux distribution (where positive fluxes are marked green and negative fluxes are marked red, with the width and saturation
indicating the flux strength) in the two-dimensional state space (cf. Fig. 1). The flux for each transition is defined as the difference between the corresponding forward
and backward transition rates.

Movie S2. Flux distribution in the state space at high (1000 µM) ATP concentration: The same as Movie S1, but at high (1000 µM) ATP concentration.
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