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ABSTRACT 

Under the room temperature , electron paramagnetic resonance (EPR) spectrometer 
was used to study free radical formation in antibiotic-producers in order to investigate 
antibiotic-producer mutagenic breeding, which were induced by N4" ion implanting 
into antibiotic-producers (e.g., Streptomyces ribosidificus, Streptomyces 
kanamyceticus and the phage-resistant culture of Streptomyces kanamyceticus). The 
results show that a lot of free radicals can be induced by N4" ion implanting into 
antibiotic-producers, and the yields of the free radicals increase with implanting dose. 
The death rate of antibiotic-producers rises due to the increase of ̂ -ion-induced free 
radical yields. 
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INTRODUCTION 

Research works on "Potential use of heavy-ion radiation in crop improvement" 
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showed that high LET heavy particle radiation can be highly mutagenic and can induce 
some regulatory mutation effectively (Yang and Tobias, 1979). Mutagenic breeding by 
heavy-ion radiation has been in progress in China (Wu, et_al., 1989). The mutagenic 
breading of antibiotic-producers by means of ion implantation in pharmacy was 
developed in Beijing Radiation Center (BRC). 
Free radicals as accessible and sensitive monitors of primary radiation damage in 
orange systems have played an indispensable role in the elucidation of damage 
mechanisms in cells at a molecular level. Quite extensive studies of free radical 
formation and reactions have been performed in the past under conditions of sparsely 
ionizing irradiation using the critical cell target DNA and its constituents as the 
specimen of investigation (Huttermann and Schaefer, 1989). In order to investigate 
mutagenic mechanisms in antibiotic-producers, Electron paramagnetic resonance (EPR) 
spectroscopy as the method of means was used to study free radical formation in 
antibiotic-producer, which induced by heavy ion implantation. Dose-yield curves were 
obtained at room temperature. Therefore, the relation among implanting dose and free 
radical yield as well as death rate of produces was elucidated. 

MATERIALS AND METHODS 

Sample preparation 

The materials studied were three kinds of antibiotic-producers, i.e., Streptomyces 
ribosidificus, Streptomyces kanamyceticus and the phage-resistant culture of 
Streptomyces kanamyceticus (Beijing Second Pharmaceutical Factory). Suspended 
spore solution of three produce strains was dropped on a filter paper, then dried in 
vacuum and put on an aluminum plate of < 50 mm diameter to be implanted. The size 
of the dry samples for EPR measurements was a tip of the filter paper with spores of 
15mm long and 4mm wide. 

Ion implantation 

A 400keV ion implantor has been in operation at BRC since 1970. The samples of 
antibiotic-producer were implanted by N+ ion beam with the energy of lOOkeV in the 
beam vacuum at room temperature, which has passed through a mass analyzer. The 
implanting dose range was of 1><1012— lxlOi4 N+/cm2. The implanting doses were 
monitored using a beam current integrator with precision of ±1%. 

EPR measurements 

After one day of N+ ion implantation, N+—ion—induced free radicals were measured 
in dry samples of antibiotic producers at the room temperature using an electron 
paramagnetic resonance spectrometer (Model JES—FE—1XG, National Institute of 
Metrology) described elsewhere (Xie et al., 1993). 
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RESULTS AND DISCUSSION 

Fig. 1 ESR—spectra A Implanted, B No implanted 
a: Streptomyces ribosidificus 
b : Streptomyces kanamyceticus 
c : the phage resistant culture of 

Streptomyces kanamyceticus 

The corresponding EPR-spectra given in Figure 1 A showed that N+ ion implantation 
induced a higher concentration of free radicals and destroyed some features in the 
produce strains. Figure IB showed that a few of free radicals in these strains without 
N* ion implantation were much smaller than at N* ion implantation. The different 
EPR spectra of the different strains were observed. The EPR spectrum of ion 
implanted Streptomyces ribosidificus was characterized by a singlet-like pattern. The 
EPR spectra of ion implanted Streptomyces kanamyceticus and the phage-resistant 
culture of Streptomyces kanamyceticus were compound spectra with 
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Fig. 2. Dose—free radical yield curve 
A: Streptomyces ribosidificus 
•: Streptomyces kanamyceticus 
x: the phage—resistant culture of 

Streptomyces kanamyceticus 
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central pattern and other outer lines. Results showed that the amount of free radicals 
induced was directly related to the ion implanting dose. Figure 2. showed the dose-
yield curves obtained for there produce strains. The free radical yield increased with 
the increasing of implanting dose absorbed by these samples. 
The death rates of these produce strains with different doses of N+ ion implanting 
given in Figure 3. showed that the death rate of strain rose with increasing of 
implanting dose. Comparing Figure 2. and Figure 3, the death rate of antibiotic-
producer strains rose mainly due to the increase of N+-ion-induced free radical yield. 
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Fig. 3, Dose—death rate curve 
A: Streptomyces ribosidificus 
•: Streptomyces kanamyceticus 
x; the phage—resistant culture of 

Streptomyces kanamyceticus 

The radiation susceptibility of three antibiotic-producers was different. The radiation 
resistance of Streptomyces ribosidificus was more than that of two others. Therefore, 
its death rate also was lower in the case of a similar dose. 

CONCLUSIONS 

Free radicals can be induced by N+ ion implanting in antibiotic-produces. At room 
temperature, EPR spectra measured of implanted produces are complex, e.g., a 
singlet-like pattern or a composite pattern, mainly because of the different chemical 
structure of these produces. In fact, most of N+-ion-induce free radicals were not long 
lived. Free radicals measured by EPR spectroscopy were long lived. Free radicals 
produced radiation damage in producers to result in mutation at a specific gene. 
Therefore, N + ion implantation can play a significant role of mutagenesis. 
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