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Appendix A

Dynamics Of The Lattice Model

The bio-filament

In the work of Lipowsky et al [129, 130], the bound motors, are driven along the bio-
filament that is defined as an ASEP model (see chapter 3), by imposing a biased diffu-
sion upon them. The velocity, V 0, of a single motor is given by the degree of bias. The
latter is the difference between the rate to step forward α and backward β and is given
by:

V 0 = (α− β) ln̂. (A.1)

In the equation above, l, is the lattice spacing, which is typically the size of a motor-
organelle complex and, n̂, a normal vector. Typically, more than one motor will be
attached to the bio-filament. Thus, similar to traffic on a highway, the motor velocity
will depend on the amount of traffic it encounters. The more traffic on the road, the
slower cars will move or alternatively the more free space, (1− φµ), on the bio-filament,
the faster molecular motors walk. Assuming a homogeneous distribution, the velocity
of a motor, i, can be estimated:

V i = V 0 (1− φµ) . (A.2)

This equation predicts a linear velocity decrease with increasing motor density. Sim-
ilarly, the flux of bound motors, J i, is given by:

J i = V iφµ = V 0 (1− φµ) lφµ. (A.3)

The equation predicts a maximal flux of motors at an occupation fraction of φµ = 0.5,
which yields: J i,max = 0.25V 0. At smaller volume fractions the flux is low due to the
small number of motors in the system. At higher values, more motors are present, but
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their flux is limited by excluded volume interactions. The above equations are well
known results from traffic-jam models [222, 223].

As mentioned in chapter 1 different types of molecular motors exist. Each motor
operates with its particular velocity, processivity and preferred walking direction. The
model allows for modelling the different types by changing the degree of bias and the
detachment probability. In addition, the polarity of the bio-filament can be reversed by
interchanging the values of α and β (for plus or minus-end motors).

Langmuir Kinetics

The flux of motors detaching from the bio-filament and motors attaching to the filament
can be used to estimate the bound motor number density, φµ. This is described by the
following equation:

Particle flux out = Particle flux in

φµ (1− φs) γd = pφs (1− φµ) γa

φµ =
1

1 + γd(1−φs)
pγaφs

. (A.4)

Where, φs, is the number density in solution, γd and γa the rates of respectively
detachment and attachment and, p, the probability that a motor in solution diffuses to-
wards the bio-filament. This probability depends upon the geometry of the system and,
in case of a lattice model, on the lattice connectivity. For example, in the described lat-
tice model the organelles are moving on a simple cubic lattice. Thus, for an organelle
that is located on a lattice node adjacent to a filament, the probability for moving to-
wards the filament (and attach to it) is, p = 1/2s. In the latter equation, s, is the number
of dimensions in the system.
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