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Biological Action Spectra Obtained with Synchrotron Radiation :
Studies of Bacterial Spores.

Nobuo Munakata
Radiobiology Division, National Cancer Center Research Institute, Tokyo.

Sychrotron radiation is an ideal tool to survey biological effects of monochromatic photons in a vast
| wavelength range. Bacterial spores have been used as the samples because they tolerate adverse irradiation
conditions under extreme vacuum. Sporocidal action spectra have been obtained in the ranges of 0.1-0.6 nm and
50-300 nm. Drastic lethal consequences of photon absorption at the wavelenghts corresponding to K-electron
edges of phosphorus and calcium atoms have been observed. This demonstrates that the two species of atoms
constitute important targets for the inactivation (“atomic target”). DNA base-sequence analyses of mutations
induced by the irradiation have been pursued using a newly-developed method of PCR-SSCP analysis. Unique
multiple-base changes bave been observed with vacuum-UV irradiation and with the soft-X irradiation at the

wavelength corresponding to the rescnance absorption by phosphorus K-electrons.
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Biological Irradiation System with Synchrotron Radiation

Bacillus subtilis strains
UVR = HA101
UVS = TKJ6312 (uvrA10 ssp-1)

UVP = TKJ6321 ( uvrA10 ssp-1 polA151 )

RCE = TKJ6411 (recE4 )
RCF = TKJ6412 (recF7)

Irradiation sample

| Emm |

Transmission measurement

S

10° spores in a 3x5 mm square on a glass plate (UV).

106 spores in a 2-mm circle on a membrane filter (X).

A thin flake (1.4 mg/ 12.7 mm?) of spores.

SR Source Monochromator and Optical Element Vacuum in Chamber
KEK PF 0.1-0.3nm  Si(111) crystal 10 3Pa
0.4-0.6nm InSb(111) crystal 10'5 Pa
INS SOR 50-150 nm  Modified Wadsworth, Au 10 Pa
| 150 - 300 nm  Modified Wadsworth, Al ~ 10° Pa

Fig. 1 Summary of biological irradiation systems using synchrotron radiation.
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Fig. 2 Inactivation action spectra of three strains of Bacillus subtilis spores in
the ranges of 50-300 nm (a), 0.1-0.6 nm (b), and 0.1-300 nm (c).
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Mutagenesis Studies with B. subtilis Spores

‘ 2x10q 21107spores mixed with 1.5% agar medium (1:1)

e

Incubate for 4 hours at 37 C

Pour 500 pug nalidixic acid
with 1 m1 0.8 % agar

Incubate for 5 days at 37 C

Check nalidixic acid-resistance and
repeat single-colony isolations before
establishing mutant strains

Extract DNA from each strain and
analyse with PCR-SSCP

-

- A

- - -

~n— =T
-

Comments:

Pour on 10 ml casein-supplemented
minimal agar

Incubate for 3 hours at 37 C

Pour 100 g rifampicin with 1 ml 0.6 % agar

Incubate for 2 days at 37 C
Count numbers of rifampicin-resistant colonies

Mut. Freq. /

Exposure (C/kg)

(1) All mutant strains are of independent origin.
(2) Mutation frequencies are mutant colonies/viable spores plated.

Fig. 3 Protocols of mutagenesis studies using Bacillus stubtills spores.
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Fig. 4 Map of gyrA gene and 13 types of sequence changes observed among
nalidixic acid resistant mutants.
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Table 1 Classification of gyrA mutations obtained by the irradiation with various

PCR-SSCP Analysis of B. subtilis gyr4 Mutations
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Fig. 5 Distributions of 13 types of gyrA mutations among nalidixic acid
resistant mutants obtained by the irradiation with gamma-ray, UV(255
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