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Background

Mitochondria are mobile organelles that exist in living cells as a tubular net-
work. They continuously join the mitochondrial network by fusion and divide by
fission events. Mitochondrial fission is mainly regulated by two nuclear-encoded
proteins, fission protein 1 (Fis1) and dynamin related protein 1 (Drp1). Mito-
chondrial dynamics have been shown to be an essential quality control mech-
anism in order to maintain mitochondrial health. A proxy for mitochondrial
health and integrity is the mitochondrial membrane potential [5]. Recent wet-
lab studies have shown that the mitochondrial membrane potential is disturbed
by an imbalance of the mitochondrial fission proteins. It is therefore the objec-
tive of this study to develop an in silico prediction model for the influence of
Fis1 and Drp1 on mitochondrial spatial structure and health.

Our Approach

We here take an existing model of mitochondrial health maintenance [3], where
mitochondria move in a random direction for random intervals of time (i.e. along
not explicitly included microtubules) in an otherwise (for purposes of the model)
empty 2D cell. Abstract health units mimic the functional state of mitochondria
by representing the membrane potential. Mitochondrial fusion allows mitochon-
dria to exchange components (here: health units) in order to maintain health.

Our model is implemented in ML-Space [1], which combines an attributed
rule-based language for describing cell biological processes and a simulator for
these in continuous or discretised (i.e. grid-based) space or a hybrid thereof. We
modified the existing model by incorporating attributes representing the number
of bound Fis1 and Drp1 molecules of mitochondria. In our simulations, only fused
mitochondria facilitate Fis1 and Drp1 recruitment. Certain thresholds, namely 8
Fis1 and 2 Drp1 molecules, must be reached to trigger subsequent fission events.

Results and Outlook

Related wet-lab experiments have shown that cells with reduced Fis1 or Drp1
expressions exhibited a significantly lower membrane potential and a heterogenic
mitochondrial network [4].
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Fig. 1. Left: Microscopic image of the mitochondrial network in a glucose-responsive
MIN6 beta cell. Scale bar 20 µm. Middle: Simulation screenshot (cyan/green: healthy
mitochondria, red: damaged; tiny circles/squares: recruited Fis1/Drp1 molecules of
fused mitochondria) Right: Results of parameter scan experiments.

In our simulations, the parameters representing Fis1 and Drp1 are negatively
correlated with the ratio of fused against free mitochondria (the closest analogy
to network structure in the simulation results). The Fis1 recruitment parame-
ter is positively correlated with mitochondrial health. Triggering mitochondrial
fission, and thus turnover of mitochondrial components within the network, im-
proves overall membrane potential. This is in agreement with wet-lab data. How-
ever, the effect on health is still quite small. Interestingly, the Drp1 recruitment
parameter did not significantly affect mitochondrial health.

Recent studies indicate that adaptor proteins, namely Mff, MID49 and MID51
are important for Drp1 regulated mitochondrial fission. Thus, future research in
this direction will include not only expanding the model by explicit fission protein
entities whose spatial distribution may not be homogeneous, but also incorporat-
ing new wet-lab findings regarding mitochondrial fission. Once this model has
been validated, ROS-related mechanisms for oxidative stress response [2] and
adaptive processes to mitochondrial damage shall be simulated.
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