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How to correct the treatment of binding and of diffusion 
in a crowded environment

Where ideality (dilution) and homogeneity are quite untenable

Nevertheless consider the effectiveness of the free electron model 
of metal conductivity…a reductionist approach is not out of scope

See: JT Mika and B Poolman, Macromolecule diffusion and confinement in prokaryotic cells
Current Opinion in Biotechnology 2011, 22:117–126

INTRODUCTORY REMARKS





Just an estimate of relative crowding, e.g. the E. coli membrane

Crowding alters chemical equilibria: additional free energy terms
lead to altered reaction constants w.r. to the free case 



Three kind of equilibrium reactions displaced by crowding
(from Zhou et al. 2008 annu. rev. biophys.)



Further remarks



Life is made by filamentous structures

See chap. 10



Annual Reviews

The Diffraction Limit
An optical microscope can be thought of as a lens system that 
produces a magnified image of a small object. In this imaging 
process, light rays from each point on the object converge to a 
single point at the image plane. However, the diffraction of light 
prevents exact convergence of the rays, causing a sharp point 
on the object to blur into a finite-sized spot in the image. The 
three-dimensional (3D) intensity distribution of the image of a 
point object is called the point spread function (PSF). The size 
of the PSF determines the resolution of the microscope: Two 
points closer than the full width at half-maximum (FWHM) of 
the PSF will be difficult to resolve because their images overlap 
substantially. The FWHM of the PSF in the lateral directions 
(the x-y directions perpendicular to the optical axis) can be 
approximated as Δxy ≈ 0.61λ/NA, where λ is the wavelength of 
the light, and NA is the numerical aperture of the objective 
defined as NA = n sinα, with n being the refractive index of the 
medium and α being the half-cone angle of the focused light 
produced by the objective. The axial width of the PSF is about 
2–3 times as large as the lateral width for ordinary high NA 
objectives. When imaging with visible light (λ ≈ 550 nm), the 
commonly used oil immersion objective with NA = 1.40 yields a 
PSF with a lateral size of 200 nm and an axial size of 500 nm in 
a refractive index-matched medium



Actin networks and ergodicity breaking
Non homogeneity is dynamically sustained



Cage effects:
Inhomogeneity of space

videomicroscopy



Statistics out of dynamics:
Ergodicity concepts





Crowding depresses diffusion
(dynamic property)

Substrate channelling





Counting the states: number of way of arranging 
indistinguishable objects over boxes…lattice models





Langmuir isotherm

V is the volume per lattice point





Crowded variant of the lattice model









Crowding enhances ligand binding
(static property)

PEG concentration
from bottom to top:

0, 2.5, 5.0,7.5 %weight



Effects of crowding agents on dissociation constants
Renormalized theory



Osmotic pressure in crowded environments: non linear effects

Work = change in free energy







Depletion Interactions



SEE YOU ON WED. APRIL 19!


