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Abstract Intracellular transport of large cargoes, such as organelles, vesicles, or large proteins, is a complex dynamical process

that involves the interplay of ATP-consuming molecular motors, cytoskeleton filaments, and the viscoelastic cytoplasm. In this work we
investigate the motion of pigment organelles or melanosomes driven by molecular motors in Xenopus laevis melanocytes using a high-
spatio-temporal resolution tracking technique. By analyzing the obtained trajectories, we show that the melanosomes mean-square
displacement undergoes a transition from a subdiffusive to a superdiffusive behavior. A stochastic theoretical model, which explicitly
considers the collective action of the molecular motors, is introduced to generalize the interpretation of our data. Starting from a
generalized Langevin equation, we derive an analytical expression for the MSD, which also takes into account the experimental noise. By
fitting theoretical expressions to experimental data we were able to discriminate the exponents that characterize the passive and active
contributions to the dynamics. Then, our model gives a quantitative description of active transport in living cells with a reduced number of
parameters.
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Motors involved in melanosome
. Microtubules are depolymerized with 10 uM nocodazol.
transPort g Xenop 2 Aggregation and dispersion are stimulated by treatment
melanophores with melatonin and MSH, respectively and trajectories of
D melanosomes driven by myosin-V are recovered by using the
pattern-recognition method [1].
To investigate the behavior of melanosomes when the
activity of myosin-V motors ins inhibited, we used cells with
mutated myosin-V which cannot attach to actin filaments.
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A representative trajectory recovered from a tracking T (S)
experiment. The cell was stimulated with 10nM of MSH. Scale
‘bar=0.5 um. Myosin-V driven melanosomes were tracked 2 2
during 70 s with 0.07s resolution. p(t) = <[x(t +7T)— x(t)] + [y(t +7T)— y(t)] >
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The internal noise F(t) is a zero-centered and Assuming that the F-actin network has no global
stationary random force with correlation function directionality, the external noise ¢(f) is chosen as a
zero-centered one. and stationary random force with

<F (t)> =0, <F (F (t')> = C(‘t - t") correlation function

The memory kernel y(f) is related to the
correlation function of the noise via the
fluctuation-dissipation theorem (' (t) = kTy (t)

olved analytically. In the
mean square

de of the tracking

Aggregation 0.96 +/- 0.04 0.58 +/-0.08 202 +/-38 41 +/-8
Dispersion  0.98 +/-0.03 0.58 +/-0.10 83 +/- 13 4.0+/-0.6
Mutant M-V 0.94 +/- 0.04 0.06 +/- 0.01




