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A substantial varianoe in the ability to repair radiation damage 

to DNA has been found among various types of bacteria, resulting 

in different radiosensitivities. For instance, inorease in sedi- 

mentation rates of alkali-denatured DNA of irradiated oells during 

reincubation after expoeure to X-rays, whioh is interpreted as 

the repair of.single-strand acissions in DNA, has been observed 

for E. @&B/r, a resistant strain, but not for E. 

sensitive strain(MoGrath and Williams, 1966). However, most bao- 

teria are assumed to be unable to repair double-strand soiesions 

and Kaplan(1966) hae presented an evidenoe for this view with E_. 

coli K12 by sedimentation analysis on neutral suoroae gradients. 

On the other hand, Dean et al(lg66) have suggested the oapaoity -- 
of 1. radiodurans, which is a vegetative bacterium extremely re- 
sistant to ionizing and ultraviolet radiations, for repairing 

double-strand scissione in DNA. The purpose of the present pa- 

per is to examine this possibility by the sedimentation analysis 
of tritiated materials in y. radiodurane after y-ray irradiation. 

Experimental Methods. Culture oonditions and growth medium for 
5. radiodurans Were the same as those already desoribed(Okazawa 

and Matsuyama, 1967). After labelling with 3H-thymidine(20 pa/ml) 
in B-broth for 2-3 generations, the cella were harvested at the 
logarithmic phase of growth and-washed with Tris buffer(Tris-HCl 
10W2M, MgC12 10m3M, pH 7.6). Cells resuspended in the same buffer 
were irradiated at room temperature with 6oCo y-rays at a dose 

4 rate of about 9.3x10 rads/hr. During postirradiation inoubation, 
oells were harvested at intervals as indioated in Fig. 2, washed 

with Tris buffer and transformed into protoplasfs by incubation 
for 25 minutes at 37'C with lysozyme(2,mg/ml). After ohilling the 
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cells, a portion was lysed by pipeting them slowly into 0.1 ml of 

1 % SDS which had been layered on the top of a 4.2 ml 5-20 $ su- 

crose gradient at 5'C(adjusted to pH 7.6 with 10m2M Tris-HCl) and 

centrifuged for 80 minutes at 30,000 r.p.m. using a RPS-40 roter 

in an Hitachi ultracentrifuge. The molecular weight of DNA was 

estimated on the basis of its observed distance of sedimentation 

(Burgi and Hershey, 1963). DNA isolated from E. radiodurans by the 
method of Marmur(l961), was used as a reference, the molecular 

weight of which had been calculated from the S$O,~ value. 

Results and Discussion. M_. radiodurans shows a sigmoidal sur- 

vival curve for y-rays under aerobic conditions(Fig. 1). 

Dose (X105rad.s) 
Fig. 1 The survival curve of M,. radio- 
durans irradiated under aerobic condi- 
tion. 

Almost all cells were not inactivated with doses less than about 

5-6~10~ fads. Cells irradiated with 2.2~10~ rads(*lOO $ survival) 
and the unirradiated control were subjected to sedimentation analy- 

sis using neutral sucrose gradients. The results are illustrated in 

Fig. 2. The sedimentation rate of the main component of 3 H-labelled 

materials is decreased by irradiation(Fig. 2, A-B). The molecular 

weight was estimated as approximately 3.8~10 8 daltons for the unir- 

radiated control and 1.8~10~ daltons for the sample irradiated by 

2.2~10~ rads(one twenty-first of the unirradiated control). 
The sedimentation rate of the main component in the irradiated 
sample was increased by increasdng the time of postirradiation 
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Fig. 2 Sedimentation patterns of tritiated materials in M. 
radiodurans, lysed and centrifuged on neutral sucrose gradients. 
Gunirradiated control;(B) 2.2~105 rads, no incubation;(C) 
2.2~105 rads and 60 minutes incubation;(D)2.2xl05 rads and 120 
minutes incubation;(E) 2.2~105 rads and 180 minutes incubation; 
(F)postincubation for 180 minutes in the presence of chloram- 
phenicol at the concentration of 2OOpg/ml. 

incubation. After 180 minutes it was completely restored(Fig. 2, 

C-E). When the incubation was carried out in the presenoe of chloram- 
phenicol(200 pg/ml), no detectable reoovery of the sedimentation 

rate was observed(Fig. 2, F). The reduction of sedimentation rates 
on neutral sucrose gradients can be explained as the result of 
simultaneous breakages or of two lesions separated by very few 
nuoleotides in both strands of DNA caused by radiation. Not to be 
excluded is the possibility of double-strand soissions ocouring 

420 



Vol. 33, No. 3, 1968 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

at the sites of single-strand soissions in DNA during experimental 

treatment by enzymio action or hydrodynamic shear. As discussed by 

Dean et al(ly66), -- such single-strand scissions caused by radiation 

would provide the weak point in DNA. Considering these two possible 

causes as mentioned above for the reduction of the sedimentation 

rato on neutral sucrose gradients, let us examine the results 

obtained in this research concerning the possibility of the repair 

of double-strand scissions in M_. radiodurans DNA. The DNA content 

of a log-phase cell of E. radiodurans has been determined to be 

3.5xlO'l4 g/cell(Okazawa and Matsuyama, 1967). Thus, with a dose 

of 2.2~10~ rads, the energy-loss events per cell are calculated to 

be 6x10~ on the basis that one energy-loss event corresponds to 

60 eV(Rauth and Simpson, 1964). These energy-loss events may induce 

the DNA strand soissions in the range of 3.6x103d6x103 with the 

probability p= 0.6~1.0. If the initial ratio of probabilities of 

single- and double-strand soissions in the bacterial DNA on y- 

irradiation is 37 as zicated by Munson et al(l967)(i.e. taking 

Loas 0.40 keV/p for Co y-rays and the probability of the single- 
strand soission remaining unrepaired u-l), the number of double- 

strand scissions in 3.5x10 -14 g DNA as caused by 2.2~10~ rads is 

95-160(=3.6x103~6x103/38). Hence, it becomes likely that at least 
2~3 double-strand soissions(~5~160x3.8x108/3.5x10-14x6x1023) may 

arise in a chromatid of 3.8x10 8 daltons with this dose. If it were 
assumed that single-strand soissions can be repaired while double- 

strand scissions are not repaired at all, incomplete restoration 
of the sedimentation rate of 3H-labelled materials should be ob- 
served, thereby indicating smaller molecular weight(1/3-l/4 or 

less) as compared with the unirradiated control. However, com- 
plete restoration was found after 180 minutes of postirradiation 

incubation, as shown in Fig. 2. This fact suggests the possibility 

of the repair of double-strand scission of DNA in M. radiodurans 
as caused by y-rays. Another observation, that the colony survival 

at 2.2~10 5 rads is almost 100 $, may strongly support this view. 

From the intrinsic viscosities of DNA extracted from irradiated 
cells, Dean et al(1966) estimated that at least five ruptures re- -. - 
suited from single breaks for every double break oocuring in the 
M_. radiodurans DNA upon X-ray irradiation in vivo. 

Since the data obtained in this present study produces approximate 

values of 5.9 and 10 of this ratio for p=l and ~~0.6, respectively, 
the analysis- of the data mentioned above lead to results not far 
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from the estimations of Dean et al,. -- 
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