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Mathematical modelling of protein polymerisation is a challenging topic,
with wide applications, from actin filaments in myocytes (muscle tissues) to the
so-called amyloid diseases (e.g. Alzheimer’s, Parkinson’s or Creuzfeldt-Jakob’s
diseases). In this talk, we will give an overview of recent results for both deterministic and stochastic approaches, envisaged as giving complementary insights
on the still largely mysterious intrinsic mechanisms of polymerisation. We focus
on nucleation-polymerisation-fragmentation processes taken in an homogeneous
spatial environment, so that the equations are structured by the aggregates size,
without a space variable.
Two main kind of problems are envisaged.
The first kind of problems is the study of the qualitative behaviour of the
aggregates: for example their long-time asymptotics, or yet how oscillatory behaviours can emerge. We call them ”direct problems”; they can consist in the
study of finite or infinite differential systems, partial differential equations analysis, or stochastic processes. They are then qualitatively compared with experimental data, in order to get qualitative understandings of the dominant
reactions. We shall give an overview of recent results and focus on the long-time
asymptotics, to investigate under which assumptions a steady behaviour can
emerge.
A second kind of problems consists in the quantitative comparison between
model and data: reaction rates estimation, initial state estimation, model selection, nonparametric estimation of functional parameters. We call them ”inverse
problems”. We have developed either a systematic data assimilation approach,
able to be adapted to a very wide variety of models, in parallel with specific ad
hoc methods, in particular for the estimation of fragmentation rate and kernel
in the framework of growth-fragmentation equations.
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