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Disclaimer

This work is based on previous work published by Geverts et al (DOI: 10.1007/978-1-4939-2080-8_7)

Abstract

This protocol describes briefly the quantitative analysis procedure for experimental FRAP curves by using Monte

Carlo-based simulations of diffusion and binding of proteins.
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1 Computer modelling used to generate FRAP curves for fitting was based on Monte

Carlo simulation of diffusion and binding to immobile elements (representing

chromatin binding) in an ellipsoidal volume (representing the nucleus). Bleaching

simulation was based on experimentally derived three-dimensional laser intensity

profiles, which determined the probability for each molecule to become bleached

considering their 3D position relative to the laser beam. Diffusion was simulated at

each new time step t + Δt by deriving a new position (xt+Δt, yt+Δt, zt+Δt) for all

mobile molecules from their current position (xt, yt, zt) by xt+Δt= xt + G (r1), yt+Δt= yt

+ G (r2), and zt+Δt= zt + G (r3), where ri is a random number (0 ≤ ri ≤ 1) chosen from

a uniform distribution, and G (ri) is an inversed cumulative Gaussian distribution with μ

= 0 and σ2 = 2DΔt, where D is the diffusion coefficient. Immobilization was derived

from simple binding kinetics: kon/koff = Fimm / (1–Fimm), where Fimm is the fraction

of immobile molecules. The probability per unit time to be released from the immobile

state was given by Pmobilise = koff = 1 / Timm, where Timm is the characteristic time

spent in immobile complexes expressed in unit time steps. The probability per unit

time for each mobile particle to become immobilized (representing chromatin-binding)

was defined as Pimmobilise = kon = (koff ċ Fimm) / (1 – Fimm), where koff = 1/Timm.

Note that kon and koff in this model are effective rate constants with dimension s−1.

In all simulations, the size of the ellipsoid was based on the size of the measured

nuclei, and the region used in the measurements determined the size of the simulated

bleach region. The laser intensity profile using the simulation of the bleaching step

was derived from confocal images stacks of chemically fixed nuclei containing GFP

that were exposed to a stationary laser beam at various intensities and varying

exposure times. The unit time step Δt corresponded to the experimental sample rate

of 100 ms.
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