Nucleosome with GFP |60
randomly attached.
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Determination of the Fractal Dimensions in Cells /I

expressing Hx-XFP Fusionproteins

e
YFP: HX-YFP-Mass distribution t:  time /

Human
Genome
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Dri:  Fractal/Lacunarity Dimension r: space vector )
. s: equilibrium step Tobias A. Knoch
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Prophase

Human

Two Hela cells expressing H2A-YFP: B’
Left: cell in prophase, H2A-YFP is found also in

the cytoplasma. ot
Right: cell in G1, H2A-YFP is mostly in the nucleus. Tobias A. Knoch
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Excitation and Emission Spectra of
/i

EBFP ECEP EGFP DsRed s
from from ~
Aequor Ovictor Discoso(r)na striata
| (data from Clontech) Tobias A. Knoch |
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The volume fraction of chromatin in average
and active cell nuclei lies under 10%.
Cell nucleus with 5 mradius: VY= 523 m’

Fibroblast in G;: V= 450m" g
X Hela: VY =1100 m’ Tobias A. Knoch

: I Human
Genome
dy Group

30 nm chromatin fiber as cylinder - volume approach

Length of 30 nm chromatin fiber in an average cell nucleus

4
7*10% / 1--9-‘}--19-99 = 6.73*10°* 100 nm = 6.73 * 10°m = 6.73 cm
Volume of the 30nm chromatin fiber in an average cell nucleus

V.= *(0.015m) *6.73*10 nf=47m  °

Mass, density - volume approach

H10 21 kDa 7> 10°bp = 3.5 * 10’ nucleosomes
H2A 2*13.9 kDa 200 bp/nucleosome
H2B 2*13.7 kDa
H3 2 *15.2 kDa
H4 2*11.2 kDa
+ ===
nucleocomplex 128.0 kDa P
146 bp direct
on Nucleosome
146 bp * 660 Da 96.3 kDa Y
+ ===
nucleosome 224.3 kDa nuclesomal mass in
one average cell nucleus 4.5* 10 Da= 7.2 pg
l DNA mass in one average
volume of one nucleosome cell nucleus
*(5.5 nm) *6 nm =568 nm 3 7*10°bp * 6.6 * 10°Da = 4.6 * 10 Da= 7.3 pg
l + ==
% 1N12 —
density of the nucleosome 9.1%10% Da=14.5pg
224.3 kDa /568 nm®= 0,39 51?;?3 >r ‘I'

Volume of the 30nm chromatin fiber in an average cell nucleus

* 2 * 2
Ve = 45*10°Da , 4.6*10”Da _ o -
kDa



r: diffusion displacement
s: visited sites
t: time

Anomalous Diffusion in Fractal Systems

The dimension of a random walk Dw and the Fractal Dimension Df
are connected by the super universal Fracton Dimension Ds.

Dr: Fraktal Dimension
Dw: Walk Dimension
Ds: Fracton Dimension

cl Human
Genome
dy Group

Tobias A. Knoch

d: Euclidian dimensiontime
pc: Percolation threshold

Mean square displacement:

Mean number of visited sites:
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Left: 2500 random walk steps on a DLA cluster of 1000 sites.
(P. Meakin, H. E. Stanley, Phys. Rev. Lett. 51, p 1457, 1983.)
Right: Latice composed of Sierpinski gasket cells of sice ¢.
(Bunde, Havlin, Fractals and Disordered Systems, Springer 1995.)
Alexander and Orbach Conjecture:

Fracton Dimension Ds = 4/3
[2 d 6]
for percolating systems at pc
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Percolating Systems can be described with different Fractal Dimensions

Human
Genome

The pictures show large percolation clusters at the critical concentration pc. v &roup
The colours of the sites characterice their Euclidean distance (left) and their
chemical distance (right) from a site chosen as the origing of the cluster.
| The distances lead to the fractal Dimension Dt and the chemical dimension Di. ~ Tobias A. Knoch

(B. L. Trus in A. Bunde, S. Havlin, Fractals and Disordered Systems, Springer 1995)
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y Group

Diffusion Limited Aggregation (DLA)

DLA is a model for random structure formation ﬁ
and the accesability of cluster sites by diffusing
particles. Thus DLA describes the conditions

for diffusing proteins from the nuclear membrane
| to its target side on the genome. Tobias A. Knoch

DLA cluster on a triangular latice, with noise reduction and
lattice anisotropy. Colour coding according to the time of arrival.
(after J. Nittmann, H. E. Stanley, Nature 321, p. 663f, 1986.)

"Rosetta Stone" connecting the underlying Physics

Electric Fluid Mechanics Dendritic Solidification
Electrostatic Potential Pressure Concentration
a(r,t) P(r,t) c(r,t)
Electric Field Velocity Growth rate
E a - a(rnt) v a - P(rt) v a - c(nt)

Conservation

‘E=0 v=0 v=0

Laplace Equation

‘0=0



Viscous Fingering
The picture shows the a metalic moulding of the o
penetration space of water injected into plaster.

Hight 6cm, smallest branching 20 m.
| (G. Daccord, R. Lenormand, Nature 325, p 41, 1987.) Tobias A. Knoch

Human
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Structure/Fractal Dimension correlates with Anomalous Diffusion. .
uman
M: Mass distribution p: Effective potential between t: time dyGGerr(‘)?]”;e
YFP: HX-YFP-Mass distribution structure and diffusing particle I space vector
Dr:  Fractal/Lacunarity Dimension  EV: Excluded Volume potential
R: Diffusion: displacement B: Effective Binding potential
S Dw:  Walk Dimension <r% ~ t2/Dw s: equilibrium step Tobias A. Knoch )
Simulation Experiment
Structure Diffusion Structure Diffusion g‘;ﬂfi'g:
Segment Sphere Histone-XFP Fluorophore X-XEP-Eluo
Mont(:/ \B:ownian p=EV / \ t<< tes&t=> Lolcal l
- - Static Dynamic . Local & Global _g\/+B . p=B Isotrop
Carlo Dynamics Global Static - Dynamic
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eCorre e eCorre
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Simulated Diffusion of Particles

The diffusion of spheres with 1nm and 50 nm in a
nucleus with all 46 chromosomes and 5 m radius.
The diffusion constant shows characteristic peaks
as function of time which could be due to different ===

. fractal dimensions on different scales. Tobias A. Knoch )
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