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A crude extract of Micrococcus lysodelktlcus has been found to recognize 

u]travloIet-lnduced modification of DNA: Strauss and his co-workers (1962, 

1966) reported that an extract exhibited se]ective inactivation of transform- 

ing DNA pre-exposed to u l t ravio|et  Tight {UV). This observation led us 

to look for a kind of DNase in the extract which was specif ically active on 

UV-~rradlated DNA. We have found that UV-irradlated DNA is more rapidly 

degraded by the extract than is non-irradiated DNA (Nakayama e t a ] . ,  1966). 

Recent]y Moriguchl and Suzuki (1966), and Carrier and Set]ow (1966) reported 

simi]ar observations. 

The present paper describes a chromatographic analysis of the extract, 

which demonstrates that at ]east two different components are invo]ved in 

the selective degradation of UV-irradiated DNA. 

MATERIALS AND METHODS 

The strain of M. lysodeikticus used in the experiment was provided by 

Dr. B. S. Strauss of the University of Chicago. The cells were grown at 

37 ° in nutrient broth with vigorous aeration. To prepare a crude extract~ 

a ce]] suspension (5 ~ in wet weight per volume in 0.01M potassium phosphate 

":~ On leave from the Department of Genetics, Osaka University Medical School. 

0 1 r 7  



Vol. 27, No. 2,1967 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

buffer, pH 7.0) was treated with 0.1 mg/ml of egg white lysozyme for 15 to 

20 minutes and then sonicated for 10 minutes at 20 KC. 

32p-labeled DNA was extracted from E. coil B cells grown in Trls-casamino 

acid medium containing 32p-orthophosphate. The extraction procedure included 

SDS-treatment, phenol extraction, precipitation by isopropanol, and RNase di- 

gestlon, followed by a second phenol treatment and isopropanol precipitation. 

DNA (5 to 20 pg/ml in O.15 M NaCI) was irradiated at a distance of 13 cm 

from a 15 watt germlcldal lamp (Toshiba) for 20 minutes with continuous stirring. 

The reaction mixture for the assay of DNase activity contained 20 pmoles 

of Trls-chloride buffer, pH 7.5, 5 pmoles of MgCI2~ 0.5 to 2 pg of labeled 

DNA and extract in 0.45 ml. After incubation at 37 °, the radioactivity in 

the acid-soluble fraction of the reaction mixture was determined with a window- 

less gas flow counter. 

The transforming activity of B. subtilis DNA was assayed by the method 

of Anagnostopoulos and Spizizen (1961). 

RESULTS 

The selective breakdown of UV-irradiated DNA: As shown in Fig. I, 
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Fig. I.  The release of radioactivity 
into the acid-soluble fraction from 
non-lrradiated and irradiated DNA by 
the extract of M. lysodeiktlcus. 
Experimental conditions were as de- 
scribed in the text. The reaction 
mixture contained extract (200 pg 
of protein) and 0.7 ~g of DNA 
(220,000 cpm). 

non-irradiated DNA 
irradiated DNA 

UV-irradlated DNA was more e f f i c ien t ly  degraded than was non-irradiated DNA. 

These observations are in agreement with those reported by Moriguchl and 

Suzuki (1966). 
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Fractionatlon ..bY c°1.umn...chr°mat~raphy: The crude extract was fractionated 

by TEAE-cellulose column chromatography. When assayed with non-irradiated, 

irradiated, and heat-denatured DNA as substrate, the nuclease activity for 
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Fig. 2. TEAE-cellulose column chromatography of the extract. To the 
crude extract was added a one tenth volume of 5 ~ streptomycin sulfate and 
the resulting precipitate was spun off by centrifugation at 18,000 x g 
for 20 minutes. The supernatant was dialyzed against 0.01M potassium 
phosphate buffer, pH 7.0-0.005 M 2-mercaptoethano1-O.OOl M EDTA. The 
dialyzed extract containing 70 mg of protein was put on a TEAE-cellulose 
column (0.9 x 18 cm) equilibrated with the same buffer. After being 
washed, the column was eluted with a NaCI linear gradient (O to 0.5 M in 
the same buffer, IIO ml of each). 4 ml fractions were collected and the 
enzymic activity of each fraction was assayed with non-irradiated, and 
irradiated DNA as substrate. The incubation time was 60 minutes. 
(a) 0.1 ml of each fraction. (b) 0.1 ml of each fraction + O.1 ml of 
the peak fraction (fraction ~35). 0.7 ~g of DNA (70,000 cpm) was added 
to each reaction mixture. 

non-irradiated DNA ; ----0---- irradiated DNA 
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each DNA was found as a single peak at the same position. In contrast to 

the results with the crude extracts no selective degradation was observed 

with any of the chromatographed fractions. Non- and UV-irradlated DNA 

were degraded to almost the same extent by the peak fraction (Fig. 2a). 

Since the act iv i ty  on irradiated DNA seemed to be |ost-during the 

fractionation, the assay of each fraction was repeated in the presence of an 

aliquot of the peak fraction. In this case, the act iv i ty  specific for 

irradiated DNA was clearly found at the beginning of the chromatogram (Fig. 

2b). This fraction was referred to as A, and the fraction with non-specific 

nuclease act iv i ty ,  described above, as B. No peak was observed at the 

position of B in this chromatogram (Fig. 2b) probably due to the presence 

of large amounts of fraction B in each assay mixture. In Fig. 3s the time 

course of breakdown with these separate and combined fractions are shown. 
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Fig. 3. The breakdown of non-irradiated and irradiated DNA by the TEAE 
fractions. The experimental conditions were as described in Materials and 
Methods. O.1 ml aliquots of fractions A (#8) and B (#36) were used, and 
0.5 pg (37,000 cpm) of DNA was added as substrate. 

non-irradiated DNA ; O~ irradiated DNA 

The addition of fraction A to fraction B enhanced the breakdown of irradiated 

DNA but not of non-irradiated DNA. These data demonstrate that the combination 
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of  f r ac t i ons  A and B is  necessary for  the se lec t i ve  breakdown of  i r r a d i a t e d  

DNA. 

Heat-denatured DNA was much more rap id l y  digested by f r a c t i o n  B than 

non-~rradiated or i r r a d i a t e d  DNA, as observed i n  the crude ex t rac t  (Moriguchl 

and Suzuki, 1966). The add i t i on  o f  f r a c t i o n  A to f r a c t i o n  B did not enhance 

the breakdown of  heat-denatured DNA. 

The pr0per t !es o f  Fract ions A and B: The ac t i ve  p r i n c i p l e s  in both 

f rac t i ons  were non-d ia lyzab le  and i nac t i va ted  by treatment wi th  phenol. 

'o 4 
x 

t -  
O 

_c 

O. 
( J  

fraction A+B fraction B fraction A 

0 60 120 0 60 120 0 60 120 

Incubation t ime ( m in  ) 

Fig.  4. The i n a c t i v a t i o n  o f  B. s u b t i l i s  t ransforming DNA by the TEAE 
f r ac t i ons .  Transforming DNA ~50 ~g/ml in s a l i n e - c i t r a t e )  was i r r a d i a t e d  
for 3 minutes at a distance o f  50 cm from a 15 watt germicidal  lamp• The 
reac t ion  mixture contained 0.2 ml o f  0.2 M T r i s - c h l o r i d e  buf fe r  (pH 7.5) ,  
0 I ml of 0 1M MgCI_ or 0.25 M EDTA, 0•5 ml of DNA solution, and 0.2 m| 
of each of the fractlons indicated in the figure. After incubation, 
0.25 ml of 25 % SDS, 0.5 ml of 5 M sodium perchlorate, and 0.75 ml of 
saline-citrate were added. The mixture was shaken with an equal amount 
of chloroform-isoamyIalcohol (24:1). After centrifugation, the upper 
layer was diluted 100-fold with saline-citrate and the di lut ion was 
assayed for i ts transforming act iv i ty .  Curves for fn A(EDTA) and f r .  
B(EDTA), not shown in the figure, were essentially the same as that for 
f r .  A+B(EDTA). No appreciable loss of act iv i ty  was observed wit~+non- 
irradiated DNA, even in the presence of fractions A and B, and Mg- . 

Heating at 100 ° for  10 minutes completely destroyed the a c t i v i t y  o f  f r a c t i o n  B. 

The a c t i v i t y  o f  Fract ion A appeared to be more h e a t - r e s i s t a n t ;  about 25 % of  

the a c t i v i t y  remained a f t e r  heat ing at 100 ° for  lO minutes. 
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The inactivation of transforming DNA: The results shown in Fig. 4 

indicate that the selective inactivation of UV-irradiated transforming 

2+ 
DNA also required the combination of fractions A and B. Mg was necessary 

for this reaction, as was the case with the breakdown of DNA. The trans- 

forming act iv i ty  of the non-irradiated DNA was not affected by treatment 

under the conditions used. 

DISCUSSION 

A cel l - f ree extract of M. lysodeikticus exhibits a unique nuclease 

act iv i ty in degrading UV-irradiated DNA more e f f i c ien t ly  than non-lrradiated 

DNA. The present experiments reveal that this act iv i ty  can be attributed 

to the combination of at least two components, the one, in fraction A ex- 

hibi t ing no nuclease act iv i ty  as judged by the release of acid-soluble materials, 

and the other, in fraction B containing a non-specific nuclease act iv i ty(s),  

active on non-irradlated, irradiated, and denatured DNA. A preliminary 

experiment showed that sequential treatment with fraction A and then with B 

was also effective in the selective breakdown of irradiated DNA (unpublished 

results). Moreover, fraction A appears to have an endonucleolytlc act iv i ty 

specific for the UV-induced lesions in DNA, as revealed by sucrose density 

gradient centrifugation (Shimada et a l . ,  1967). A component in fraction B 

seems to be necessary for the release of acid-soluble materials from the 

irradiated DNA pre-attacked by fraction A. However, i t  is s t i l l  unknown 

whether the non-speclflc nuclease(s) associated with fraction B is real ly 

involved in this process. 

Heat-denatured DNA is also e f f i c ien t ly  digested by the extract of M. 

lysodelktlcus. This process, however, is different from that of the selective 

degradation of irradiated DNA, since the addition of fraction A, necessary 

for the latter process, does not enhance the breakdown of heat-denatured DNA 

by fract|on B. Therefore, i t  is suggested that the component in fraction A 

is not active on the single stranded region, which might be produced by UV- 

i rradiat ion as reported by Grossman et al. (1961). 
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The inactivation of transforming DNA exposed to UV also requires both 

components A and B, suggesting that the process is brought about by the deoxy- 

rlbonuclease ac t iv i ty  specific for irradiated DNA. This notion is supported 

by the fact that a crude extract of a mutant deficient in the nuclease ac t iv i ty  

does not destroy the transforming act iv i ty  of irradiated DNA (Okubo et al . ,  1967). 
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