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OverviewOverview
Track structure simulation
¾Cross sections
¾Tracks

Target modelling
¾DNA
¾Structures in cells and tissues

Simulations of biological end points
¾DSB induction
¾DSB fragment distributions
¾HPRT- mutations
¾Multiple DNA damage
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Inelastic scattering cross sections of 
electrons in liquid water

Dingfelder et al., Rad. Phys. Chem. 53, 1Dingfelder et al., Rad. Phys. Chem. 53, 1--18 (1998)18 (1998)
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Ionisation cross section of DNA constituents
Bernhardt et al., Int. J. Bernhardt et al., Int. J. MassMass SpectrSpectr. 223. 223--224, 599224, 599--611 (2003)611 (2003)
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Cross sections for ionisations, excitations
and charge changing processes of He++, He+

and Heo
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Stopping cross section for H and He
Dingfelder et al., Rad. Phys. Chem. 59, 255Dingfelder et al., Rad. Phys. Chem. 59, 255--275 (2000) 275 (2000) 

Friedland et al, Rad. Phys. Chem. Friedland et al, Rad. Phys. Chem. acceptedaccepted (2004)(2004)
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Tracks Tracks fromfrom II--125 and I125 and I--131 131 decaysdecays
Li et al., Li et al., RadiatRadiat Res. 156, 419Res. 156, 419--429 (2001)429 (2001)
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Tracks of He Tracks of He ionsions
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Particle Tracks
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0,1 µm

6 MeV p

40 MeV 16O

25 MeV 4He
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40 MeV 16O
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Linear DNA  - Nucleosome - Chromatin fiber
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Simulated stochastic crossed-linker
chromatin fibers (GSF and DKFZ)
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Models of Chromosomes
by KIP+DKFZ (A+MLS)

UCB (RW/GL)
GSF (C)
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Model of 0.5 Mbp Model of 0.5 Mbp chromatinchromatin domaindomain
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ChromatinChromatin fiberfiber on on voxelvoxel gridgrid
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DNA DNA targettarget modelmodel: Human : Human fibroblastfibroblast cellcell
23 out of 46 human chromosomes in cylindrical nucleus
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Models of Models of chromatinchromatin fiberfiber structuresstructures
Friedland et al., Friedland et al., RadiatRadiat. Res. 150, 170. Res. 150, 170--182182 (1998)(1998)

30 nm

Single Stranded DNA Fragments     Double Stranded DNA Fragments
Solenoid Model Solenoid Model

Crossed Linker Model Crossed Linker Model

Stochastic Model Stochastic Model

Zigzag Model Zigzag Model 
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SizeSize distributiondistribution of of smallsmall DNA DNA 
fragmentsfragments

Bernhardt et al., Int. J. Bernhardt et al., Int. J. MassMass SpectrSpectr. 223. 223--224, 579224, 579--597 (2003)597 (2003)

Exp.: Exp.: RydbergRydberg et al., J. Mol. Biol. 284, 71et al., J. Mol. Biol. 284, 71--84 (1998)84 (1998)
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SSB and DSB yield for different DNA target models
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InductionInduction of DNA strand of DNA strand breaksbreaks
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DSB induction from p and He ion irradiation
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DNA Fragments: DNA Fragments: FractionFraction of DNAof DNA
Friedland et al., Friedland et al., RadiatRadiat Res. 159, 401Res. 159, 401--410 (2003)410 (2003)
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Relative distribution of DNA fragments due
to 1 Gy irradiation with p and He ions
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Frequency of multiple DNA damage
from p and He ion irradiation
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Frequency of multiple DNA damage and cell
inactivation for H and He ion irradiation
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ChromatinChromatin fiberfiber looploop withwith HPRT HPRT genegene
Friedland et al., Friedland et al., RadiatRadiat. Res. 155, 703. Res. 155, 703--715 (2001)715 (2001)
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Deleted exons Number of mutants
Experiment Simulation Experiment Simulation
60Co N-rays 60Co N-rays 80 kV x-rays 220 kV x-rays

1 - 4 Gy 2 Gy 2 Gy  2 Gy
1 2 3 4 5 6 7 8 9 Yamada P1 P2 Nelson P1 P2
X 2 3.0 3.0 8 4.6 3.8

X 1.3 1.3 1 2.1 1.8
X 1 1.4 1.4 2 2.2 1.9

X 3 1.4 1.4 2 2.6 2.2
X 1.2 1.2 4 2.1 1.8

X 1.3 1.3 2.3 2.0
X 3 1.3 1.4 3 2.4 2.1

X 3 1.2 1.2 2 2.2 1.9
X X 0.22 0.21 1 0.4 0.23

X X 1 0.4 0.4 0.7 0.6
X X 1 0.014 0.004 0.015 0.013

X X 0.13 0.14 1 0.3 0.23
X X 0.9 0.9 2 1.6 1.4

X X X 1.2 1.1 4 2.1 1.4
X X X 0.4 0.3 1 0.6 0.5

X X X X 3 0.3 0.3 0.6 0.5
X X X X 0.4 0.4 1 0.8 0.7

X X X X X 3 0.3 0.24 0.7 0.5
X X X X X 1.1 1.0 3 2.2 1.9

X X X X X X 0.19 0.17 1 0.4 0.3
X X X X X X X 1.3 1.3 1 2.5 2.1

X X X X X X X X 26 26.8 27.1 41 44.1 49.6

Patterns of Patterns of exonexon deletionsdeletions
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DeletionDeletion sizesize distributiondistribution

Deletion size (Mbp)
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Yield of photon induced dicentrics
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Electron track induced by 7 keV photon

7 keV photon with

3 track ends of 500 eV

with average distance in

interval 125-250 nm
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Relative frequency of three track ends
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Comparison between experiment and 
simulation
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Hypothesis

Temporally coincident multiple DNA damage

• on different chromosomes
• in some ten kbp genomic distance 
• in a few hundred nm spatial distance

may be of rather high importance for
cellular radiation effects
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