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Bacterial mntants deficient in any of the excision-repair en-s respon- 

sible for the dark repair process are generslly characterized by extreme sen- 

sitivity to ultraviolet irradiation and mitomycin C, both of which cause 

specific lesions in DNA. Sensitivity to both agents may result from a single 

mutational event (Okubo and Romig, 1966). 

Iyer and Szybalski (1963) showed that ndtonIyc5.n causes crosslinking of DNA 

both in vivo and in vitro. -- -- The extent of crosslinking can be measured by heat 

denaturing mitoqycin-treated DU; all crosslinked &l.ecules undergo reversible 

denaturation. 

Transformation studies carried out with DNA isolated from a mitomycin 

treated wild-type strain and five excision-repair (RR') mutants of I& subtilis 

showed that mitomycin causes a considerable degree of crosslinking in 611th 

strains exanrined. Transforming DNA extracted from the wild-type strain aud 

from one of the mutants which was host cell reactivating (her+) showed a marked 

increase in heat denaturatility after the mitomycin-treated cells had undergone 

a 30-minute recovery period. DNA isolated from four other El?- strains remained 

crosslinked over a recovery period of 2 hours. 

Materials and Methods. Mitolqycin C treatment - Cells were grown in brain 

heart infusion broth (Difco) to a viable count of 4 x lo8 cells/ml and were 

treated for S-15 minutes with 1 &ml of mitomycin C obtained from the Kyowa 

Rakka Kogyo Co., Ltd. 
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Isolation of DNA - Mitomycin treated cells were centrifuged in the cold, 

washed twice with saline-phosphate buffer (pH 7), resuspended in 0.15 M 

NaCl43.1 M EDTA (pH 8.2), and Qsed with 100 &ml of lysozyme. Protein was 

removed by cold phenol treatment (Kirby, 1956). DNA was alcohol precipitated 

following a 20-minute incubation (37') with 9 @g/ml of RNAse (Worthington 

Biochem. Corp.)'. 

Transformation! -- The preparation of competent cells and transforming pro- 

cedures have been described previously, (Mahler et al., 1963). Denatured trans- 

forming DNA was prepared by heating DNA at 20 &ml in O.Ol$ M NaOl-O.COl~ M 

trisodium citrate to lCO" for IO minutes, followed by rapid chilling in ice-water. 

Results. Derivation and Characteristics of Mutant Strains -- Four RR- 

(excision-repair) strains were isolated on the basis of sensitivity to ultra- 

violet (UV) irradiation as described previously (Mabler 1965). ER4, isolated 

on the basis of mitoqycin sensitivity, was a gift from Dr. Julius Marmur. ER2, 

ERh and RR9 were derived from;. subtilis 168ti, T from 168 tryptophan2- and 

El$o from168 thymidine-, tryp2-. The strains in order of increasing sensiti- 

vity to I.400 ergs/mm2 of W light are El+ ER2, ER20, El$., ER4. AU five mutants 

f&led to grow on brain heart infusion agsr plates containing 0.05.5 &ILL of 

rktorrlycin, a concentrationwhich did not inhibit the parental strains. 

Figure 1 shows the survival of irradiated phase SP82 plated on 2. subtilis 

168wt and on four of the RR- mutants. RR2 no longer adsorbed SP82. Of the four 

W", mitoqycin-sensitive mutants, only RR9 was capable of host cell. reactivating 

(her') irradiated SP82 phage. 

DNA from the slow-growing strain ERh was effective in transforming SB-1 

receptor cells, but competent RR 4 cells were found to yield few if any trans- 

formants with bacter5a.L DIU and no plaques with DNA isolated from phage SP82. 

Since recombination Is required far expression of transformants and of infectious 

SP82 DNA (Green, 1964), it seemed possible that RR4 might be a recombination- 

deficient strain. However, studies with SB-1 and RR4 both made competent at 

equivalent cell concentration and exposed to tritiated transforming DNA 
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uv DOS0 (rrgs/lnm2x102) 

reactivation of UV irradiated SP82 phege. SP82 at a concentra- 
particles/ml was irradiated in 0.1 14 Tris buffer and plated 

on tryptone agar containing 1.3 &ml. of MnC12. 
(4 m4; (0) my; (+I m20* 

(0) on host 168wt; (A) E$; 

showed that ER 4 is probably blocked at the level of DNA uptake, since itincor- 

porated only lO$ of the radioactivity taken up by ,934. 

Mitomycin treatment -The survivalof the five W~streins arr3 of two 

wild-type streim treatedwith mitoqcin C is shm in Table I. The sensitivity 

to UV and mitomycin is parallel in all five mutants. Since the survival of cells 

exposed to W or titonrycin may be influenced by factors other than DNA excision 

end repair, it is not surprising that considerabls differences in sensitivity to 

the two agents may be discovered (Terawaki arrl Gmenberg, 1966). 
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Table I 

Survival of Bacillus subtilis strains after Ei.tomvcin C treatment 

Cells grown in broth were treated with mi.toqyc5.n for 15 minutes at 
37' with snaking. Treated cells were diluted and plated on brain heart 
infusion agar plates. 

Strain 

168Wt 

168 thy-, tlyp2- 

mY 

TJ 

w20 

El 

m4 

Fraction of survivors 

Mitoqycin G 

bb.> 

4 x lo'3 

2.3 x 10D3 
1,7 x 10 -4 

9 x lo-5 

6.6 x loo5 

1.6 x lo -5 

5.4 x l& 

Table II 

Transformation with DNA isolated from mitowcin- 
treated and untreated I& subtilis cells 

All transformations were carried out with 2 dml of DNk. The numbers of 
transformants were averaged from three separate experiments. 

Recipient 

SB-1 

Iti3tidi.m Residual 
168* DNA !kansformants Transformation 

Native 5.2 x 16 

Denatured 1.0 x 104 2% 

Mitonqrcin treated 
Dative 4s x ld 

Mitoqcin treated 
Denatured 2.6 x lo5 58% 
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For transformation experimts, DNA was extracted from cells treated with 

1 &ml of mitowcin for $15 minutes. DNA treated in vitro with reduced mito- -- 

mycin or isolated from mitomycin-treated cells shows only a small, decrease in 

transforming efficiency. The yield of histidine transfor~ts with native and 

heat-denatured DNA isolated from untreated cells of 168Wt is compared to trans- 

formants obtained with DNA isolated from mitoqycin-treated celJ.s in Table II. 

The high transforming efficiency following heat denaturation of DiU obtained from 

mitoqycin-treated cells reflects the effective crosslinking of a large portion 

of the DNA. 

Boyce and Howard-Flanders (1964) reported that a mitomycin-treated wild 

type strain of Escherichia coli. Kl2 was capable of excising fragments of DNA 

while three TJV- mutants were not. If crosslinks can undergo intracellular 

excision in certain bacterial stiains, the susceptibility to heat denaturation 

of DNA isolated from nritoqycin-treated 2. subtilis cells should increase in 

the wild-type strain but remah unchanged in ER- mutants. 

For recovery experiments, treated cells were washed free of mitomycin, re- 

suspended in broth and permitted to undergo recovery periods of 30 minutes to 

2 hours. 2. subtilis 168 is known to carry a defective prophage, PBS& which 

is inducible by mitoqycin (Seaman et al., 1964) (Ionesco t a&, 1964). However, 

mitomycin added to cultures in the late 1ogaritbmi.c or early stationary phase of 

growth generally does not result in cell lysis (Seanmn, personal communication). 

Figure 2 shows the residual transforming activity after heat denaturation 

of DNA isolated from wild-type and mutant B. subtilis strains. All strains were 

treated with ndtoq&n for a period of G minutes, then permitted to recover 

for a total period of 2 hours. The degree of mitoqycin-induced crosslinking 

(resulting in high residual transformation) is virtually complete after .$. minutes 

of treatrasnt. The disappearance of crosslinks, resulting in enhanced suscep- 

tibility to heat denaturation, is evident after 30 minutes of recovery in DNA 

from the wild-type strain and ER9 which is her+. After a recovery period of 2 

hours, DNA isolated from the four her- mutants showed only a minor increase in 

heat denaturatility. 
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Fig. 2. $ residual transfornxing activity of heat-denatured DlU isolated from 
six strtins of B. subtilLs after nrltongycin 
Competent SB-1 ?5GTGZTtransfo 

treatment and after recovery periods. 
d to histidine+ with 2 &III. of native and 

heat-denatured DNA from: (8) 16 &(o) I%$ (A) =g (*I =$; (xl JB4; (+I q,. 

Di.SCllSSiCB -- Bacterial her+ straks capable of excising py&ni&ine dimers 

might also be able to excke z&toqycin-induced czwaslinks~ Of the five IJV-, 

ntitomycin sensitive mutsnts of 2. subtilia examined, only E+ whichwas found 

to be her*, shcwed a loss of interstrand DNA crosslinks during a recovery 

period. The residual transforming activity, followi% heat denaturation, of 

5, DNA after a 3Q minute recovery period was identical to the activity of DNA 

isolated from a wild-type corrtrol strain. The disappearance of cmsalinks in 

DNA from her* strains of mitom(ycin-trettted E. coli B has been reported by -- 

Terawaki and Greenberg (1966). Although the host cell reactivation of ER2 

could not be tested, it is presumably her-, as are ER1, ER,, and ERzO, since 

no excision of mitomycin crosslinks occurred in DNA isolated from these strains. 

As suggested previously (Boyce and Howard-Flanders, 1964), the recovery of 

DNA from mitomycin damage may occur in a manner similar to the recovery from W 
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radiation: an endonucleolytic cut at the site of configurational distortion 

with exonucleolytic enlargement followed by repair with nucleotides complemen- 

tary to the unexcised strand. 

We have obtained evidence (Dolbeare et al., to be published) that a puri- 

fied enzymatic fraction, from Micrococcus lysodeikticus with no nucleolytic 

activity toward native transforming DNA can degrade both UV irradiated and 

mitomycin-treated DNA. This suggests that similar enzymatic events may initiate 

excision of both UV and mitomycin-induced DNA damage. 
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