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Abstract

Utilization of nano—scale
voxel model of DNA matter
for estimating DNA damage

due to alpha particle exposure
Jae—Hun Ryu

Department of Nuclear Engineering

The Graduate School

Seoul National University

Radon exists in colorless, tasteless, odorless gaseous state at
room temperature, and is easily flowed into the body through
inhalation, causing internal exposure. As a regulatory guideline for
radon exposure, the International Committee on Radiation Protection
(ICRP) recommended in ICRP 103 that the reference level for radon
in existing exposure situation is 10 mSv per year for effective dose.
The harmfulness of radon comes from alpha particles released by
radon and its daughter nuclides as they decay, which can easily cause
DNA damage based on high linear energy transfer (LET). Unlike X—
ray, alpha particles are more easy to make double strand break (DSB),
which is a key DNA damage phenomenon and hardly recovered by
DNA repair. Also, it is highly likely to result in cell death and mutation.
Experimental method using y —HZAX assay is well utilized. But
because of its uncertainty from DNA repair, research based on
computational method are actively conducted. DSB is evaluated using

Monte Carlo code as a step of nano—scale for accurate simulation of
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phenomena, but there is a disadvantage that it takes a long time in
that the subject of evaluation is a micro—scale cell nucleus. In this
study, to improve this point, a scheme to efficiently perform DSB
evaluation of the entire cell nucleus by using a nano—scale voxel
model and performing DSB estimation at each model is proposed.

By placing a 40 nm long chromatin fiber in a 60 nm long cube
voxel, it was modeled to maintain similar base pair (BP) density and
properly evaluate DSBs. After the location and magnitude of the
energy deposition were collected through simulations using
GEANT4—-DNA, 3 SB determination criteria were used to determine
a strand break (SB). DSB was calculated by checking whether it was
duplicated or not based on the location information of SB. For the
calculation of the cell nucleus, the energy was measured every 60
nm of alpha particle track with an initial energy of 7.69 MeV and an
calculation formula was established for the overall DSB estimation.

The reliability of the simulation was confirmed by performing
LET calculations inside voxel and comparing them with the results of
previous studies under various conditions. Based on the SB and DSB
results generated according to the SB determination criteria, it was
confirmed that the SB determination criterion suitable for the voxel
model was 17.5 eV suggested by Nikjoo. When SB and DSB were
converted to the number of SB and DSB per Gbp per Gy to compare
with the results of previous studies, results included in the range of
the existing research data could be obtained. Finally, the energy of
the alpha particles was converted into a probability density function
when entering each voxel obtained from additional simulations. The
number of DSBs in each energy comes from the results of preceding
process. As a result of calculating the total DSB estimation in the cell

nucleus, 1.934 Gy 'Gbp~! was obtained at 70 keV/xm LET, which
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1s a value included in the range of the previous study and experiment
data.

Despite the need for discussion and further research on the
accuracy of the model to expand the usability of this study, a new
methodology could be proposed to improve the time-—consuming
problem of existing method. For efficient Monte Carlo simulation, the
need for further studies on the voxel model and extended studies to

evaluate the number of DSBs on multiple cells is suggested.

Keywords : DNA damage, DSB estimation, SB determination,
GEANT4—-DNA, Monte Carlo simulation, nano—scale simulation,
Radiation biological effect
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