
1. Introduction

One of the most important processive molecular motors seems to be dynein. According to current knowl-
edge, dynein is important because of its connection to neurodegenerative diseases like Parkinson, Alzheimer
and ALS (Chen et al. (2014)). It plays an important role in glaucoma too (Calkins (2008)). So far, there
is a whole family of dynein motors that are well known. They can have a different number of heads. The
cytoplasmic dynein (Fig. 1) has two heads and we will focus on this type here.

Fig. 1: Scheme of cytoplasm dynein. Two heads are connected with a single tail. Adapted from Carter
(2013)

Its structure and motion are different in comparison with other processive molecular motors, like kinesin or
myosin V. The main parts of dynein and their names are shown in Fig. 2a (Roberts et al. (2013)).

The whole mechanochemical cycle is described e.g. in Belyy et al. (2014) as following:

The head (motor domain) consists of six subunits AAA+ ATPase arranged into a hexameric ring (Fig.
2a). Four of the AAA+ subunits bind nucleotide and the AAA1 subunit serves as the primary site of
ATP. When an ATP molecule binds to the AAA1 site the head is released from the binding site on the
microtubule (MT) (Fig. 2b).

The linker concurrently crosses the AAA+ ring doing the priming stroke. This stroke moves the stalk and
microtubule binding domain (MTBD) towards the negative end of MT. After hydrolysis of ATP the
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Abstract: The paper is devoted to the development of a simple model of dynein. Such a model should allow for
the study of the influence of different parts of dynein on its motion. The importance of this model is connected
with the growing knowledge of the influence of dynein on some serious neurodegenerative diseases. The intro-
duced model is based on the simulation of the Brownian motion using time reversible thermostated oscillators.
Model allows to model also such effect as the catch-bond.
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head again binds to MT at a new position. The inorganic phosphate is released, and the linker is
returned to the starting unprimed state — it does the power stroke. The head is moving ahead. In this
phase the mechanical work is produced.

Fig. 2: a) Detailed scheme of dynein; b) mechanochemical dynein cycle. Adapted from Roberts et al.
(2013); Belyy et al. (2014).

This was the description of the mechanochemical cycle of one motor domain. As was mentioned above,
the whole cytoplasmic dynein motor consists of two of these domains and can perform a continuous motion
along the microtubule. One stalk is always bound to the MT, so this motor is called the processive one.
During its motion, it can bring the cargo from the + end of MT (e. g. membrane) to the – end (e. g.
nucleus). The cargos can be different organelles or even viruses. It should also that be noted, dynein
exhibits s. c. catch bond effect (Nair et al. (2016)) – with the increasing force the unbinding rate decreases.
This happens only in a certain range of force.

There exist some computer models of dynein. Let us mention, e.g. pure deterministic model (Crossley et
al. (2012)), stochastic model (Goedecke and Elston (2005)) or the very simple model (Zhao et al. (2014))
which omits e.g. the possibility of the backward stepping. Goedecke’s model is very complicated and is
based on the Langevin equation for the simulation of the diffusion motion.

Our aim is to develop a relatively simple model which takes into account the complicated structure of
dynein, all phases of the steps and the diffusion motion of the stalks and cargo.

2. Deterministic model of the dynein

The Brownian motion is modelled by the Nose-Hoover oscillator (NH) (Posch et al. (1986)) during the phase
when the stalk is detached from the MT caused by ATP, see Fig. 3. After hydrolysis of ATP the potentialW
causes strong binding of the MTBD with the MT. This potential (or the free energy) generally quantifies the
interactions of the moving object (MTBD) with the isothermal environment (here MT; Ruizheng (2013)).
The place of the binding position is in the minimum of the potential of W . The choice of the minimum
depends on the MTBD current position — the last position of the Nose-Hoover oscillator. If the size of
the attractor is large enough, the stalk can do one, two or even more steps with the length L forward or
backwards.

The potential W has the usual form
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where U0 is a characteristic parameter of MT and L is the period of periodical and unsymmetrical potential.
Because we only need the gradient of this potential, we can omit the additive constant.

In the Fig. 3, the centre of the attractor of NH is in the point of the potential minimum (last attachment
point). To respect the power stroke caused by the priming of the stalk, the centre of the attractor is moved
on the value ps. Under the action of the external force Fload, the attached stalk is deformed in the direction
of this force on the amount Fload · invstiff . The deformation also causes the movement of the centre of
the attractor. In the Fig. 4, there is a timeline with the periods of the Brownian motion and the periods when
the MTBD is attached to the MT. Here ff is the sampling period, 4/(2ν) is the minimal step length and kk
corresponds with the detachment rate.
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Fig. 3: Nose-Hoover oscillator for the
Brownian motion simulation.

Fig. 4: Description of parameters.

To model the catch bond effect, the time period, the parameter ν and the parameters kk were changed and
parameters cb and ∆cb were introduced.

According to the above-mention algorithm two codes in MATLAB were developed – Dynein4.m and
Dynein6.m. The last one contents the catch bond effect.

3. Results and discussion

At first, we present the case with Fload = 0 pN. The results obtained with Dynein4.m are shown in
Fig. 5. All the possible steps are visible there — see the circles. It should be stressed that these results are
only qualitative. Further development is necessary to obtain the physiological values.

Fig. 5: Length of motion (vertical) in the partic-
ular steps: red circle — ”hand-over-hand”, blue
circle — ”inchworm”, orange circle represents
not alternating nor passing steps. Different lines
colours correspond with both stalks. The values
are only qualitative.

Fig. 6: Dependence Load (x) vs. velocity (y).
Red line -–catch-bond effect, blue line – without
catch-bond effect.

In Fig. 6, we can see the dependence between load and the velocity. The red line corresponds to the catch
bond effect starting with Fload = −6 pN. These results can be compared with results in Johnson (2016),
see Fig. 7.
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Fig. 7: Experiment result from Johnson (2016).

4. Conclusions

According to the above-mentioned algorithm we developed two codes in MATLAB — Dynein4.m and
Dynein6.m. The last one contents the catch-bond effect. Both codes allow the qualitative analysis of
all introduced parameters (U0, L, ps, invstiff , cb, ∆cb, ν, kk) and the parameters of the oscillator on the
dynein motion. Further research will be focused on the fitting the parameters to a real situation.
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