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Challenges of biophysical
research with heavy 1ons




Radiobiological effects of highly charged 1ons

e High and low LET radiations act differently on
DNA (differing degrees of spatial clustering

of ionizations!) ﬂ

e Number and size of DNA
fragments show a significant dependence on

radiation quality ﬂ

e The effect can be attributed to the
distribution of radiation tracks and
of energy within

the track




Lesion clustering (multiple damage sites MDS)
occurs at various levels of chromatin organization

A DNA 10 bp/turn D Loop domuins ~1 Mbp DNA

A: Locally MDS

B  Nucleosomes 200 bp DMA

B, C, D: Regionally MDS

C Chromatin fiber  ~10kb DNA F cCelinucleus  ~4000 Mbp DNA

30 nm chromatin fiber

B. Rydberg, Acta Oncol., 2001.
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Physical Characteristics of lon Beams
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p21 foci in human fibroblast nuclei traversed by Pb ions

207 Ph: 3.0 x 10 ¢ cm -2 X-rays: 10 Gy

B. Jakob et al., Radiat Res., 2000.




Intracellular DSB induction and rejoining along the track
of carbon particle beams

J, Intact DNA

: determines the frequency and
complexity of clustered damage
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Chromosomal aberrations in blood

lymphocytes
George et al., 2001
vois ¥, ' \ .°¥) v N
W - .
‘R‘._\-.- . 'l
.9 ¢ @
; 2’ P
-
o e
»
Simple reciprocal Complex exchanges
Normal . : : :
exchange involving involving chromosomes

chromosome 5 1,2,and 5



Ritter et al.,
IURB, 2001

Initial damage and time-dependent
repair: X-rays versus Ar -ions
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Ni- ions
E=3.5MeV/u,

LET=4120
keV/um

Direct visualisation: AFM measurements

1.0
0.9:
08
O.T-
06

0.5

N}.’INtot

0.4
0,3
0,2 o

014

0.0=

I X rays (370 Gy)
B Ni ions (376 Gy)

150 300 450 600 750 900 1050 1200 1350 1500 1650 1800 1950
& [nm]

plasmid DNA

®X174
(5386 bp)

1.0

0.9
0.8
0.7
0.6
=]
E‘\' 0.5—‘
=~ 0.4
0,3
0.2

0.1

0,0 -

Bl % rays (1350 Gy)
Il Niions (1254 Gy)

150 300 450 600 750 S00 1050 1200 1350 1500 1650 1800 1850 2100

A [nm]

Fraction in %

1F
0.1F Gy
A =8=C 10 MeV/u ILET 154) 150
=4 X-ray ILET 2) 150 Gy
& ¥-Ray, 150 Gy 98
A A =CO= Au 9 MeV/u 500 Gy
20 50 100 200 500 1000
Fragment size (kbp)




Local Effect Model for Calculation of RBE

Input data: e Photon dose effect curve
e Radial dose distribution of tracks
e Target size (cell nucleus)

Radial_Dose Distribution Photon Dose—-Effect

Brons et al.
Radiat. Environ. Biophys., 2003
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Microscopic
stochastic features
of the track:

LEM (Local Effect
Model)
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Counting statistics and distribution of fragment lengths from
the LEM (Local Effect Model)
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Conclusions

After high LET irradiation most DSBs is located in
= clusters corresponding to multiply damaged sites

Even without detailed information on chromatin

— geometry, stochastic models can give predictions
on the frequency distribution of damage (DSBs,
PCC plus excess fragments...)

Differences in the complexity of induced lesions
=) can be traced back to the pattern of a local energy
(dose) deposition



Durante, 2003 I

Conclusions

Cosmic radiation is one of the main
problems for long-term space
missions, particularly for the
exploration of Mars

Necessity: to reduce uncertainty in
risk estimates and to develop
contermeasures

These tasks can be accomplished
(within 10-20 years) by extensive
biological experiments at

accelerators using p and heavy ions
at 0.1<E<10 GeV/n
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Energy localisation: the Bragg peak I
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relative dose
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Photons:
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Ni ions
3.5 MeVlu, Induction of double strand breaks (DSB)

44108 p/cm?
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