
1) Histone-GFP fusion proteins -> mass distribution in cell nuclei:

  - mass distribution with H1-GFP and H2B-GFP
  - carrier plasmid used and overview of constructed
     plasmids
  - histone derivatives: MacroH2A1.1 and MacroH2A1.2
  - synergetic effects for Thomas and Malte

2) Fractal Geometry as method of Analysis - some aspects:

  - general introduction
  - methods for determening the fractal dimension
  - construction of objects with a certain fractal dimension
  - overview of fractal dimensions of various objects
  - surface fractal dimensionof lysozyme and implications
  - fractal dimension determined by scattering experiments
  - fractalalaty as one basis of scaling laws in mamals

3) Current results and future aspects:

  - analysis of H1 cell nuclei with a fractal analysis 
  - leave cutting ants: foraging strategy
  - multifractal behaviour of chromatinfolding of
    chromosomes and future aspects 

Structure of Cell Nuclei
and

Fractal Analysis



Human
Genome

Study Group
3D

Tobias A. Knoch

             Mapping of Histone H2B-GFP and H1-GFP distribution in vivo.
The Histone-GFP reflects the distribution of chromatin in interphase.
The structure visible in the images is similar to those found in simulations. 

Left:    HeLa cells stabaly transfected with H2B-GFP (K. Sullivan, Scripps Institute).
    Confocal in vivo section of  a cell nucleus and a mitosis.
Right:  Cos7 cell stabaly transfected with H1-GFP (A. Alonso, DKFZ). Confocal in vivo section.
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Atta colombica
Foraging analyzed with Fractal Geometry

Overview of foraging strategy:

1) Each trail is cleaned regularly from leaves -> minimized transport on trail (?).
2) Each new trail originates in an old trail -> minimize effort to build new trails (?).

3) Rain season (May -  December): Leave cutting from trees.
4) Dry season (December - May): Leave and flower collecting from ground.
5) Amount of harvest stays nearly the same over the year.
6) Leaves (trees etc.) "homogeniously" distributed.
7) Trails are independent from ground structures.

== >> Is there a deeper strategy behind trail structure ?

Foraging data from Rainer Wirth, University of Kaiserslautern
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Results of Ata-Foraging analyzed with Fractal Geometry
Fractal Dimension as Function of
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Results:
1) Evolution of foraging shows no clear causal dependency but fractal dimension stays
     roughly the same (mean D = 1.15).
2) Cummulative foraging reaches plateau in fractal dimension (mean D = 1.4).
3) Clear dependency between changes in fractal dimension and total trail length.

== >> - Atta does "Wanderfeldbau" in a defined manner.
 - Atta minimizes the trail system because trail structure and total trail length strongly depend.

=== >>> What search/build strategy is causial for this system ?



1.5 2 2.5 3 3.5 4
0

1

2

3

4

5
Lo

g(
C

ur
ve

 L
en

gt
h 

in
 N

um
be

r o
f M

ea
su

re
s)

Log (Measure Length [nm])

Euclidean Cut Off
D = 1.1

SegmentLength 300nm

D = 2.48

D = 2.93

D = 2.03

D = 2.43

D = 2.88

D = 2.01

D = 1.89

D = 2.98

Human
Genome

Study Group

In agreement with porous network research fractal analysis
show multifractal behaviour in simulations of chromosome 15.

Different fractal dimensions mean different process-dynamics in these spaces.
Therefore chromosomal territories show a

higher degree of determinism than previously assumed.

RW/GL: Excluded Volume 0.1kT 
LoopSize    5Mbp, LinkerLength 3600nm,   20 Loops
LoopSize 126kbp, LinkerLength   600nm, 561 Loops
MLS: LoopSize 126kbp, Excluded Volume 0.1kT
LinkerLength   600nm
LinkerLength 1200nm
LinkerLength 1800nm
LinkerLength 2400nm
MLS: LoopSize 126kbp, Excluded Volume 1.0kT
LinkerLength   600nm
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Fractal Geometry and Analysis of the Structure of Cell Nuclei                                        

and the                                                                                                                           
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