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Abstract

Lethal and mutagenic effects of cluster ions were examined using Bacillus subtilis spores as a model organism. The 2-
MeV H2" showed a clearly lower lethal effect than 340-keV H*, even though both have a comparable LET. The 2-MeV
H2" dissociates into a pair of 1-MeV H' by losing the bonding electrons at the target surface. The estimated internuclear
distance and the radial dose distribution suggest that the split of deposited total energy into two places separated only by
up to several nanometers diminishes the lethality considerably, and that the energy density in the very center of the
trajectory, possibly within a 1-nm radius, has a great impact on lethality. We also performed a whole genome resequencing
of the surviving colonies to compare the molecular nature of mutations but failed to find a clear difference in overall
characteristics. Our results suggest that cluster beams may be a useful tool for understanding biological effects of high

LET radiation.
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Figure 1. Survival fraction of irradiated spores.

Surviving fraction relative to that of non-irradiated
spores are shown as a function of kGy (A),
particles/cm?> (B) and atoms/cm? (C). Data points
represent mean = SE of three to six independent
experiments. An exponential regression was used to fit
the data.
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Beam Exp. Fluence Fluence Dose Sur- No.of Mutation frequency (x 10®/ bp) (Percent to total in each experiment)
AUN AmSNd\ (Gy) viving ana-
cm’) cm’) Frac-  lyzed SBS -1 Del +1 Ins Com- sv Total
tion oo_o- >2bp 22bp plex
nies
2 MeV [ 5x10° 1x10% 6032 0.045 20 54.6+86 10.7+32 10.7+3.2 q g 24+16 12+12 795+115
Ho" (68.7%)  (13.4%)  (13.4%) n n (3.0%) (1.5%)
Il 5x10° 1x10% 6032 0.036 30 71.2+70 87+24 95+22 0.8+0.8 08+0.9 g 24+13 93.3+76
(76.3%) (9.3%) (10.2%)  (0.8%)  (0.8%) n (2.5%)
Il 5x10° 1x10% 6032 0046 35 50.8+6.2 47+19 9525 g 1.4+09 61+22 20+11 746+7.9
(68.2%) (6.4%) (12.7%) n (1.8%) (8.2%) (2.7%)
1 MeV [ 5x10° 5x10° 3016 0.097 20 36.8+7.8 24+16 83+31 36+19 g 36+19 47+28 593+10.4
H (62.0%) (4.0%) (14.0%)  (6.0%) n (6.0%) (8.0%)
N 1x10% 1x10% 6032 0.052 35 705+86 149+38 14.2+26 q q 27+13 54+17 107.8+11.1
(65.8%)  (13.9%)  (13.3%) n n (2.5%) (5.1%)
340 Il 2x10 2x10° 2400 0094 30 482+68 55+19 55+19 32+15 g g 16+11 640+7.8
keV H* (75.3%) (8.6%) (8.6%) (4.9%) n n (2.5%)
Mock [ 0 0 0 1.000 20 47+28 47+28
(100.0%) nd nd nd nd nd nd

Table 1. Frequency of Each Mutation Type

Mutation frequency represents the number of mutation events divided by the length of the reference

genome (4,215,606 bp); the values are mean + standard errors of survived colonies. nd: not detected.



