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ABSTRACT

The release of neurotransmitters into the presynaptic region of nerve cells or the export of insulin to cell

surfaces are two examples, which highlight the precise manner of the transport mechanisms of eukaryotic

cells, such as the vesicle-mediated cell transport. Thereby, the cargo gets packed into vesicles, which

form out of the donor membrane. Subsequently, the vesicles move through the cytoplasm until they find

their correct destination, where they fuse with organelles or the plasma, and finally deliver their cargo.

The interior of a cell
(

Ω ∈ R
3
)

is a complex composite material which consists of water, structural

scaffoldings (a network of actin filaments, microtubules, intermediate filaments, etc.), organelles, and

various biomolecular solutes. All of these serve as obstacles that impede the motion of vesicles within

the cytosol. This motion is commonly modeled as diffusion within a mixture of two materials: the

solvent has a certain diffusion coefficient D(x) = Dsol, x ∈ Ωsol, and the obstacles have the diffusion

coefficient D(x) = 0, x ∈ Ωobs, where Ω = Ωsol ∪ Ωobs. However, the consideration of all the detailed

information about the highly heterogeneous micro-structure and physical properties of eukaryotic cells

is numerically extremely expensive, while a naive disregard of relevant microscopic information leads to

questionable results, even on macroscopic scales of interest. Therefore, the application of the diffusion

model together with homogenization strategies appears to be a suitable modeling approach [1].

The aim of this study is to couple the results obtained from biomedical investigations [2] and the

mechano-mathematical model with highly efficient engineering software packages to analyze how changes

of the cytoskeleton affect the dynamic processes in eukaryotic cells. A disruption of the vesicle trans-

port is thought to contribute to several severe diseases, such as amyotrophic lateral sclerosis, Alzheimers

disease and diabetes [3].
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