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The germination of bacterial spores has been def’hmd 

as a physiological process characterized, e.g.* by a loss 

of heat reeistenoe, stainability, decrease in optioal den- 

sity and darkening under a phase contrast microscope(Cemp- 

be11,193?). The present investigation revealed that a tem- 

porary increase in W-resistance occurred in the course of 

gerrninatlon of Bacillus subtilis spores. 

Marburg strain of B.subtili.8 was grown on nutrient agar 

containing 0.1 v&4 MnSO4 and clean spores uere obtained by 

the method of Irie and Uchigama(l964.1. After the activation 

of spores by heating at 70°C for 15 min., they were genul- 

nated at 37'C in M/15 phosphate buffer(pH 7.0) containing 

5.6 UIH L-alanine and 28 mM glucose, in which germination 

was completed within 20 min. 

For the examination of W-reslatance, allquots of the 

spore suspension were taken at interval8 and promptly di- 
4 6 luted(l0 -10 times) wfth sterile saline, transferred into 

Petri dishes, end subjected to W-irradiation for various 

time length at room temperature (13-160~). A Hazda 15 W 

gewiaidal lamp was used as the W sourbe at the distance 

of 30 cm. The irradiation density at the maxlmua wavelength 
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Flg.1. Inactivation of B.subtilir spores by W li ht. 
Aliquots of the rpow suspension were taken at 0, & .5 
and 30 mfn. of genninoticm and treated a8 desoribed 
in the text. Survival curve obtained with non-heot- 
shocked spores is al80 illustrated (triangleb). 
Ii: number of spores rurvived. Ho: nuuber of viable 
spores before irradiation. 

(2537) ii 1 was about 100 erg8/mm2, 8ec. under the present 

experimental condition8 (e8timated by the courtesy of Dr. 

Y.Haruyama of Chlba University). After irradiation, nutrl- 

ant agar containing MM04 wa8 poured into the dlahes and 

they were incubated at 37OC for l-2 daya for the estlma- 

tion of the n-bar of surviving cells. 

The dose rerpon8e relationship shown in Fig.1 clearly 

indicates that at high doses actively g8nninating (4.5 min. 

lncubntlou) 8pores are far more re8lstant to W then non- 

germinated (0 min.) and g8minated (30 min.) one8. It wa8 

al80 noteworthy that non-gexmlnated and geminated rporer 

were killed in a multiple-hit fashion (Morowitt, 19531, 

whereas in the case of spores incubated for 4.5 mtn., the 

curve consisted of two components with 8kewed portion at 
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Flg.2. Ghan es 
f 

in W-resistance and optical density 
during germ nation of ~.rubtlllr spores. spores at 
various times of genulna~lon were Irradiated for 50 
500. and survival fraction (H/lro) estimated. Solid 
line with cro5ses: Optical density at 660 mp(O.D.at 
time cero was taken as 1). Broken line: rate of de- 
crease ln.optlcal density (calculated from time-0.0. 
curve). Open circles: survival fraction of more5. 

higher doses. These observationlv suggest that considerably 

large fraction of spores temporarily becaues highly radlo- 

resistant in the course of gexmlnatlon. The time coume of 

the change %n radioresistance against 50 sec. Up lrradla- 

tlon was then followed during germination. A5 seen In Fig. 

2, the surviving fraction of the spores was parallel to 

the rate of decrease In optical density of the suspenslon( 

open circles and broken line). Regarding the survival after 

50 sec. irradiation to be virtually proportional to the 

total radlorerlstant fraction (x1, we have 

-dO.D./dt = kx 

wharo k is a proportionallt~ constant. 
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This relationship may be explained by asstming that 

germination of Individual cell proceeds as following 

llWlIlOF. 

non-germinated-transient state~germlnated 

(refrattile) (refraotile, (non-fractile) 
W-resistant) 

Total fraction of spores at the transient atate is expressed 

a# x in the above equation. The mean life of the transient 

state is retained con&ant throughout the inoubation period. 
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