Abstract

Encoded fluorescent proteins, such as the green fluorescent protein (GFP),
have changed and revolutionized the way scientists use microscopes. Today
high resolution live cell fluorescence imaging is used to study intracellular
traffic, which was not possible before. One of the modern microscopy methods
for visualization of transport processes in living cells is Fluorescence Loss In
Photobleaching (FLIP). In FLIP a high-intensity laser is used to bleach a small
cellular area, while images are taken between the bleaches.

This thesis presents several methods, which can be used to model the
intracellular transport observed on FLIP images. A reaction-diffusion system
that models both free and hindered molecules and different models for nuclear
membrane transport have been proposed. In the interest of the development
of an automated analysis of the FLIP images, the cell geometry was extracted
from the FLIP image by use of the Active Contours Without Edges or merely
Chan-Vese algorithm.

To our knowledge, it is the first time a quantitative computational FLIP
(cFLIP) method used to determine transport parameters from the FLIP im-
age data is presented. The method have been used to determine the diffusion
constant, membrane permeability, local binding rates and bleaching rates for
eGFP. Further, the method is expanded to model intracellular protein aggre-
gates, which is related to various age-associated neurodegenerative diseases,
such as Alzheimer’s disease, Chorea Huntington, Ataxia and Parkinson dis-
ease.

Additionally, an adaptive E-scheme for viscous balance laws originated
from the work on an analysis for the cFLIP method is presented in the thesis.
Numerical experiments are performed to show the improved accuracy of the
adaptive scheme. Moreover, it is proved that E-schemes are monotone and
TVD.

The polyglutamine protein aggregates considered in this thesis do not
move, which makes it possible to apply the cFLIP method on a fixed mesh.
However, recent developments in FEniCS makes it possible to have multiple
meshes, which can move independently. The MultiMesh implementation is ex-
plored and used to simulate wind flow and view of a settlement layout, which
thus gives a measure on how well the houses are placed, in order to find and
design the optimal settlement layout.



	I Introduction
	Preface and publications
	Introduction
	Motivation
	Fluorescence Microscopy
	Fluorescence Recovery after Photobleaching
	Fluorescence Loss in Photobleaching

	Intracellular transport
	Diffusive transport
	Models for transport across the membrane

	Analysis
	Inverse–monotonicity
	Stability and convergence



	II Computational Modeling of Fluorescence Photobleaching
	Computational Modeling of Fluorescence Loss in Photobleaching
	Introduction
	Fluorescence loss in photobleaching
	A reaction–diffusion model in segmented FLIP images
	Segmentation of FLIP images
	Transport kinetics across the membrane
	Reaction–diffusion dynamics

	Implementation and Simulation
	Numerical method
	Tuning reaction– and diffusion parameters
	Simulation of FLIP images
	A reaction-diffusion model with hindrance

	Convergence test
	Discussion and conclusion
	Appendix

	A Discontinuous Galerkin Model for Fluorescence Loss in Photobleaching
	Introduction
	Fluorescence Loss in Photobleaching
	A reaction-diffusion model in segmented FLIP images
	A reaction–diffusion model with hindrance
	Compartment model with semipermeable membrane
	The complete PDE model

	A discontinuous Galerkin method with internal interface condition
	FEniCS implementation
	Calibration and simulation of FLIP images
	Calibration
	Simulation and visualisation

	Discussion and conclusion
	Supplementary Information

	A discontinuous Galerkin model for fluorescence loss in photobleaching of intracellular polyglutamine protein aggregates
	Background
	Methods
	A reaction–diffusion model on real cell geometry.
	Multi-compartment modeling of eGFP-mtHtt exchange
	Real cell geometry
	A discontinuous Galerkin method with internal interface condition

	Results
	Calibration and simulation of intracellular transport
	Calibration test

	Discussion
	Conclusion


	III An adaptive E-scheme
	An Adaptive Viscosity E–scheme for Balance Laws
	Introduction
	A lower bound on the effective diffusion
	An adaptive viscosity E–scheme
	E–schemes are monotone
	Implicit time stepping
	E–schemes are TVD
	Numerical experiments
	A single conservation law
	Conservation laws in gas dynamics

	Boundary conditions
	Balance laws
	Conclusions

	An adaptive E–scheme for conservation laws
	Introduction
	Diffusion leads to E–schemes
	Less diffusion gives better resolution
	E–schemes are monotone
	Application to compressible Navier–Stokes equations
	Concluding remarks


	IV Computational design of settlement layouts
	Simulation of flow and view with applications in computational design of settlement layouts
	Introduction
	Multimesh finite element methods
	Algorithms
	Computation of flow
	Computation of view

	Implementation
	Implementation of flow computation
	Implementation of view computation

	Results
	Flow
	View

	Conclusions and future work



