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Participation of the Intracellular Enzymes in the Control of 
Mutational Processes* 
Part 4: The Role of UV-Specific Endonuclease and Medium Composition in the Induction of Genie Mutations 
in Escherichia coli 

V.N. Soyfer and Y.B. Titov 
All-Union Institute of Applied Molecular Biology and Genetics, Moscow (USSR) 

Summary. The influence of UV-specific endonuclease 
and medium composition on the frequency and spectrum 
of genic mutations in Escherichia coli KI2 uvr § (with nor- 
mal repair enzymes) and~uvr A6  (defective in UV-specific 
endonuclease) was studied. Mutations at the locus glu 

(gene controlling assimilation of glucose) were induced by 
ultra-violet irradiation and hydroxylamine treatment. To 
identify mutant colonies, triphenyl tetrazolium chloride 
(TTC) was added to the medium since it coloured the 
mutant colonies bright crimson and readily permitted dis- 
tinction between pure mutant clones (complete muta- 
tions) and mixed clones (mosaic or sector mutations). 

A maximum mutation frequency after UV-irradiation 
was observed in E. coli uvr § cells but not in the E. coli uvr 

A6  strain. The curve of mutagenesis with a maximum was 
found in both studied strains after treatment by hydroxyl- 
amine which did not cause DNA damage recognized by 
UV-specific endonuclease. 

The highest frequency of mutations (at the point of  
maximum) in the series of  experiments with enriched 
growth medium was almost 10 times higher than in the 
series of  the experiments with poor medium. 

It was established that in bacteria with normal repair 
enzymes the frequency of complete mutations was higher 
than the frequency of mosaic mutations. It was also ob- 
served that the rate of  UV-mutagenesis was higher in the 
case ofE. coli uvr § 

The study of the distribution of mosaic mutant sectors 
in experiments with bacteria suspended in either a nu- 
trient broth or a buffer during UV-irradiation revealed 
that the size of  mutant sectors was rather variable and 
that the differences in the number of  nucleoids per cell 
did not always determine the distribution of mutant sec- 
tor sizes. 

* Other papers of this series are: Soyfer 1972; Soyfer et al. 1977; 
Soyfer and Kartel 1978 
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Abbreviations 

HA Hydroxylamine hydrochloride 
TTC Triphenyl tetrazolium chloride 
TCA Trichloroacetic acid 

Introduction 

The study of the molecular basis of  mutations reveals that 
the stabilisation of premutational lesions into mutations is 
accomplished in part by intracellular enzymes, especially 
by repair enzymes. Witkin (1967) divided repair processes 
into two classes, mutation-prone and mutation-proof, and 
suggested that mutations are induced only during the 
former. According to this hypothesis, the product ofuvrA 

and uvrB genes - UV-specific endonuclease (correndo- 
nuclease II) - belongs to mutation-proof enzymes. 

Although Nishioka and Doudney (1969, 1970) and 
Soyfer (1969, 1972a) presented evidence that the product 
of the uvrA-gene may play a role in mutations induced by 
UV-irradiation, the study of the excision of damaged 
bases from irradiated DNA suggests that the excision pro- 
cess based on the activity of  UV-specific endonuclease is 
preferentially error-free (Carrier and Setlow 1970). How- 
ever, these experiments were performed in vitro, with iso- 
lated enzymes, and it is obscure how this process is 
realised in unbroken cells; second, very low doses of  UV- 
light were used; and, third, the authors were unable to 
check for a small number of  enzymatic mistakes during 
excision. It follows from this that at high doses of  irradia- 
tion or after prolonged treatment with chemical mutagens 
the process of excision might be less accurate, as was sup- 
posed by Soyfer (1969). At the same time, the analysis of  
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repair replication suggests that this process is error-cor- 

recting (Kelly et al. 1969; Kushner et al. 1971) and that 

during repair the complementary,  undamaged strand of  

DNA serves as a template for error-free replicative syn- 

thesis and that exact copying of  the template chain in the 

damaged area results in the restoration o f  the original nu- 

cleotide sequence. Similar data were also obtained in ex- 

periments with human and mouse cells (Lieberman and 

Poirier 1974). 

In marked contrast to the above results were data of  

experiments with normal bacteria, E. col i  KI2, and with 

bacteria defective in UV-specific endonuclease. They 

showed that at elevated doses of  UV-radiation the total 

frequency of  mutations and the ratio o f  complete genic 

mutations to mosaic mutations increased with doses of  

UV-irradiation. This was observed only inE. col i  uvr  +, not 

in E. col i  uvr  A 6  cells (Soyfer 1972a). Thus, it becomes 

obvious that in in vivo experiments the total frequency of  

mutations, the kinetics of  mutagenic action and the spec- 

trum of  induced mutations could be determined first by 

the amount o f  initial damage to DNA molecules and, sec- 

ond, by the general metabolism of  the cell (including the 

activity of  repair endonucleases), which would also be 

changed as a result of  irradiation or other treatments. 

To estimate the role o f  UV-specific endonuclease in 

modifying the mutational process, we performed experi- 

ments in which bacterial lines with either normal repair 

enzymes or with defective UV-specific endonuclease (cor- 

rendonuclease II) were used. The wide range o f  doses of  

UV-irradiation was used to study mutat ion induction. An 

attempt was made to answer the following main ques- 

tions. 

1) Are there any differences in mutation rates at low 

and at high doses of  UV-irradiation in both strains of  

bacteria? 

2) What is the frequency of  complete and mosaic mu- 

tations induced in these bacterial lines in a wide range of  

doses of  UV-irradiation? 

3) What is the frequency of  mutations in cells irra- 

diated in a rich nutrient broth or in a buffer? 

4) Since mosaic mutations may arise not  only due to 

mistakes o f  repair endonucleases but also due to the pres- 

ence of  several nucleoides in cells, what are the differ- 

ences in nucleoides in E. col i  uvr  + and E. col i  uvr  A 6  cells 

and in the distribution of  mosaic sectors in these experi- 

ments? 

Materials and Methods 

Bacteria 

Bacteria E. coli KI2 uvr + (AB 1157) and a derivate of this line 
defective in repair excision, E. coli KI2 uvr A6 (AB 1886), were 
used in these studies. 

Media 

The minimal medium M9 (NH 4 C1 - 1 g, Na 2 HPO 4 �9 7H 20 - 11 g, 
KH2PO, - 3 g, NaCI - 5 g, M g S O  4 - 120 rag, CaCI~ - 10 mg, 
glucose - 8 g) supplemented (per liter) with 10 g bacto peptone 
(Difco), 1 g yeast extract (Merck), 0.5 g caseine hydrolysate (Dif- 
co), 8 g NaC1, 2 g sodium citrate and 0.01 g DL-tryptophan, was 
used for growing the bacteria at 37~ before UV-irradiation in the 
first series of experiments (irradiation in an enriched medium). In 
the second series (irradiation in a buffer), bacteria were grown in 
another medium (per liter): 0.4 g Na~HPO 4 �9 12 H20, 0.9 g 
KH~ PO4, 4 g NaC1, 7.5 g bactopeptone, 1.5 g beef extract and 
10 g glucose. For the determination of the number of mutant 
colonies in both experiments bacteria were plated onto solid agar 
medium containing (per liter of distilled water) 6 g peptone, 3 g 
yeast extract, 1.5 g beef extract (Difco), 8 g NaC1, 10 g glucose, 
15 g bacto agar (Difco) and 50 mg TTC (Difco). All media and 
solutions in which bacteria were grown, suspended, irradiated and 
plated were of pH 6.6. 

HA Treatment 

Twice recrystallised preparations of NH:OH-HC1 (Koch-Light, 
England) were used. Bacteria synchronised by the modified meth- 
od of Helmstetter and Cummings (1963) were treated by 1M HA + 
1M NaC1 (pH 6.6) at 25~ Mutagenic treatment was interrupted 
by the addition of 4.5 ml of stopping mixture (acetone - 10 ml, 
4M NaCI - 25 ml, peptone - 2 g, water - up to 100 ml) to 0.5 ml 
bacterial suspension. 

UV-Irradiation 

Ultraviolet irradiation was performed with three 15 W germicidal 
lamps in the first experiment (enriched medium) and with one 
lamp in the second experiment (buffer). Irradiation was made at 
distance of 26 cm with a dose rate 6.5 erg'mm -2"sec -I . In the first 
series of experiments about 5 X 107 cells/ml (at log phase) were 
irradiated in growth media in 9 cm Petri dishes innoculated with 
3 ml of bacterial suspension. In the second series 2 X 107 cells/ml 
of bacteria were twice centrifuged and then resuspended in mini- 
mal medium M9 without glucose before irradiation. During irradia- 
tion the suspension was agitated with a magnetic stirrer. Samples 
were taken at various times during irradiation, immediately ti- 
gated in M9 medium and plated for mutant assay. Irradiation and 
succeeding treatments were performed under conditions prevent- 
ing photoreactivation. 

Determination o f  Mutations 

Both lines of bacteria used glucose as a carbohydrate source (glu§ 
UV-irradiation induces mutant cells which are unable to assimilate 
glucose. The presence of TTC in the solid medium makes it possible, 
therefore, to visualise colonies forming from these mutant bac- 
teria. Colonies formed from nonmutant cells have a grayish colour 
in the presence of TTC, while bacteria not assimilating glucose are 
stained bright crimson due to the precipitation of insoluble forma- 
san (Ogur et al. 1957). Such a method provides the opportunity 
for determining complete (if the whole colony is stained crimson) 
and mosaic mutant colonies (crimson sectors of colonies of differ- 
ent sizes). Any methods of pre-selection or enrichment of mutants 
are unacceptable for these purposes. Therefore all bacterial colo- 
nies formed after mutagenic treatment had to be scored at the 
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plates. The number of colonies on individual plates did not exceed 
300. To avoid accidental mistakes in such experiments it was de- 
termined whether the distribution of mutants on separate plates 
agreed with the Poisson distribution. 

The Determination of  the Number of  Nucleoids in Cells 

For the staining of nucleoids, the bacteria were first washed from 
the growth media with a physiological solution and then concen- 
trated by centrifugation. A drop of the concentrated bacterial 
suspension was layered on the surface of a microscope slide and 
fixed for 20 minutes with a solution of 3 parts ethanol and 1 part 
glacial acetic acid. In order to remove the RNA, the preparations 
were incubated with 1M HC1 at 60~ for 7 min or were treated 
with 1 mg/ml of pancreatic RNAse (Wortington, USA). After 
washing with distilled water the preparations were stained by azur- 
eosine and covered with a cover glass and Canada Balsam. The 
number of nucleoids in the cells were measured microscopically. 

The results o f  these exper iments  wi th  UV-irradiat ion 

are presented in Table 1. As was observed in the experi- 

ments  wi th  enr iched media ,  the m a x i m u m  o f  muta t ing  in 

exper iments  wi th  a buffer  was found only  in bacteria  wi th  

normal  repair enzymes  (Fig. 1A), but  this m a x i m u m  was 

absent in the strain defect ive in the uvr A-gene (Fig. l B). 

As is known,  the system ofuvr-dependent repair does no t  

take part in the repair o f  damage induced by 1M HA 

(Soyfer  1969). Using HA,  the level o f  mu ta t i on  in the uvr 

Table 1. The number of induced mutants and the frequency of 
mutations in bacteria irradiated with UV-rays 

Dose of No. of No. of 
Survival Frequency of 

irradiation scored observed 
% mutations (X 10 -4 ) 

sec. colonies mutations 

The Study ofDNASynthesis 

Bacteria were transferred into the growth medium containing 2 
t~Ci/ml 3 H-thymidine and incubated at 37~ for 5 hours. Samples 
were treated with 10% TCA and washed, with 5% TCA and 70% 
ethanol. The radioactivity was measured in toluene scintillator in a 
Mark II Nuclear Chicago radiospectrometer. At the same time ali- 
quots of bacterial suspension were withdrawn for a calculation of 
exact data on colony-forming ability. 

E. coli uvr § (AB 1157) 
0 100 13609 1 0.73 -+ 0.7 a 

30" 100 76642 8 1.0 -+ 0.4 
60 79 20908 9 4.3 +- 1.4 
90 55 18760 10 5.3 _+ 1.7 

120 2.2 52492 55 10.0 +_ 1.4 
150 0.7 50083 67 �9 13.0 -+ 1.6 
180 0.12 22787 27 12.0 -+ 2.3 
240 0.02 35529 15 4.6 +- 1.2 
300 0.013 8580 2 2.3 -+ 1.6 
360 0.01 8950 2 2.2 -+ 1.6 

Results 

The Influence o f  UV-Specific Endonuclease on Mutation 
Kinetics after UV-Irradiation and Hydroxylamine 

Treatment 

E. coli uvr A6 (AB 1886) 
0 100 37152 9 2.4 -+ 0.8 
3.3 38.6 63649 27 4.2 • 0.8 
6.6 1.4 17665 12 6.8 -+ 2.0 

I0 0.9 39863 67 17.0 -+ 2.0 
17 0.052 51982 70 14.0 _+ 1.8 
23 0.0076 33960 72 21.0 _+ 2.5 

It is generally known  that  l inear kinet ics  o f  mu ta t ion  in- 

duc t ion  takes place only  under  relatively low doses. When 

doses o f  UV-irradiat ion are fur ther  increased, the muta-  

t ion f requency  reaches the  maximal  level, and then  begins 

to decrease. This p h e n o m e n o n  is t e rmed  ' the m a x i m u m  o f  4"10-3 

muta t ing ' .  

Earlier it was shown that  under  UV-irradiat ion o f  bac- 2 

teria suspended in a rich m e d i u m  the m a x i m u m  o f  muta-  

ting was observed only  inE .  coliuvr +, but  no t  in E. coli -- 10-3 
uvrA6  cells. ~ 5 

In the present  work  the m a x i m u m  o f  muta t ing  was ~ 6 
4 

studied in exper iments  wi th  UV-irradiat ion and HA treat- 

men t  o f  E. coli uvr + and uvr A6  bacter ia  suspended in a ~= z 

buffer .  

The subst i tu t ion o f  enr iched growth  m e d i u m  by the 
10 -~, 

buffer  provided the possibil i ty,  first, to pe r fo rm the dosi- 

me t ry  more  precisely,  and,  second,  to mod i fy  the act ivi ty  6.10 .5` 

o f  uvr-dependent repair enzymes ,  to  decrease the  act ion 

o f  the exr, rec.dependent systems o f  repair needed for  

their  act ivi ty  in a rich growth  m e d i u m  (Sedgwick and 

Bridges 1972; Smith 1975; Youngs and Smith 1973). 

a Frequency of mutations with standard errors 
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Fig. 1A and B. Inductio~ of glu-mutations by UV-irradiation in 
E. coil uvP (A) and uvr A6 (B) ceils. Standard deviations according 
to Poisson are indicated 
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Fig. 2. Induction of mutations by 1M bydroxylamine treatment 
in E. coli uvr § (o) and uvr A6 (o) cells 

A6-strain was nearly two times lower than in the uvr + 

strain (Table 2), and the maximum for this mutagen was 
observed in both strains of bacteria (Fig. 2). 

We suggest that these data indicate both the possibility 
of the participation of repair endonucleases in the appear- 
ance of the maximum phenomenon in the case of UV-irra- 
diation of E. coli K12 cells and the increase in the level of 
mutation frequency in the case of HA-treatment of these 
bacteria. 

The Influence o f  Repair Endonucleases on the Spectrum 

o f  Genic Mutations Induced by UV-Irradiation 

The analysis of complete and mosaic mutations revealed 
essential differences in mutagenesis between the lines with 
normal and defective UV-specific endonucleases. Inas- 
much as bacteria of the uvr A 6  strain are highly sensitive 
to UV-irradiation, we first studied the kinetics of inactiva- 
tion of both bacterial strains (Soyfer 1972a) and on this 

basis dose ranges giving a similar degree of inactivation 
were chosen. Only under this condition could the muta- 
tion frequencies of the two lines be compared quantita- 
tively. 

The results of the experiments on the induction of 
pure and mosaic mutations in bacteria with normal and 
defective repair enzymes are given by Table 3. Because 
repair of pre-mutational lesions is determined by systems 
of enzymes which are dependent on the presence of nu- 
trient components in media (Sedgwick and Bridges 1972), 
all experiments were divided into two series. 

In the first series bacteria were irradiated in enriched 
growth media. Under these conditions repair apparently 
proceeds successfully in the first 4-6 minutes after UV-ir- 
radiation (Paul et al. 1976). In this series of experiments 
when up to 8 rain doses of UV-irradiation were given, the 
ratio of complete and mosaic mutation frequencies re- 
mained rather constant in E. coli K12 uvr + (see the last 
column of the Table 3). At higher doses, when the num- 
ber of induced thymine dimers increases abruptly, the ra- 
tio of complete to mosaic mutation frequencies increased 
sharply in uvr § cells. In the E. coli K12  uvr A 6  ceils which 
lacked UV-dependent endonuclease and which were un- 
able to excise from DNA the pyrimidine dimers induced 
by UV-irradiation, the induction of complete and mosaic 
mutations proceeded differently than inE. coli uvr + cells. 
There was no increase of complete mutations compared to 
mosaics: their ratio remained rather constant within the 
whole dose range used. 

In the second series of experiments bacteria were cen- 
trifuged, resuspended in minimal medium without a car- 
bohydrate source, and then, after irradiation, were trans- 
ferred to a nutrient broth, In these conditions it was also 
observed that in cells with normal repair enzymes fre- 
quency ratio of complete mutations to mosaic mutations 
was higher as compared with bacteria E. coli uvr A6 .  

Another interesting result of this series of experiments 
was the decreasing level of maximal mutability for uvr + 

Table 2. Frequency ofglu mutations induced with HA 

Bacteria 
Dose of HA Number of Number of 
treatment, min experiments scored 

colonies 

Number of Frequency of 
mutant mutations glu- 
colonies (• 10 -4) 

E. coli UI~F + 0 8 59063 
7.5 4 12384 

15 5 20524 
30 8 34744 
45 4 17454 

8 1.3• 
9 7.3• 

25 13.0• 
11 3.2• 
3 1.7• 

E. coli uvr- 0 7 34277 
15 5 34969 
30 4 16319 
45 4 21428 

7 2.0• 
22 6.7• 
5 3.0• 
7 2.4• 
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Table 3. Influence of medium composition on the frequency of induced mutations 

123 

Medium Strain of Dose of Survival Number of Number of mutant Frequency of mutations Ratio of fre- 
composition bacteria UV-irra- % scored colonies (X 10-4) quencies of 
in the time diation colonies complete to 
of irradiation sec complete mosaic complete mosaic mosaic mutation 

mutations 

Enriched uvr § 0 100 8523 2 no 2.2 +- 1.6 < 0.1 > 23 
growth 60 68 113810 133 6 12.0 +_ 1.0 0.53 +_ 0.21 24 
medium 480 15 19952 211 23 110.0+_ 7.3 12.0 +_ 2.4 9.2 

600 8.7 62936 33 no 5.3 +- 0.9 < 0.1 > 53 
900 3.0 31692 39 no 12.0 • 2.0 < 0.1 > 120 

ul~r- 0 100 67662 4 no 0.6 +_ 0.3 < 0.1 > 6 
30 15 27210 19 3 7.0 +- 1.6 1.1 • 0.6 6.4 
75 2.2 58360 50 5 8.6 +- 1.2 0.9 +- 0.4 10 

135 0.6 26043 11 5 4.2+- 1.3 1.9 +-0.8 3.2 

Minimal 
medium 
without 
g l u c o s e  

(a buffer) 

u v r  + 0 100 10745 2 1 1.9 -+ 1.3 0.9 +- 0.9 2 
60 79 15154 10 2 6.6+-2.1 1.3 +-1.0 5 

120 2.2 5694 15 3 26.0 +_ 6.5 5.3 +- 3.0 5 
150 0.7 30568 45 10 14.7 +- 2.0 3.3 +- 1.0 4.5 
210 0.04 29448 34 9 11.5 +- 2.0 3.0 +- 1.0 3.8 
270 0.025 28194 29 8 10.0 +- 2.0 2.8 +- 1.0 3.6 

u v r -  0 100 37152 7 2 1.9• 0.5 +_0.4 3.5 
3.3 38 41599 14 4 3.4 +_ 0.9 1.0 -+ 0.5 3.5 

10 0.9 12315 36 18 29.2+_ 5.0 14.6 +- 3.4 2 
17 0.05 13586 42 15 31.0+-4.8 11.0 +-2.9 2.8 
23 0.008 8875 45 18 50.0 +- 7.5 20.3 _+ 4.8 2.5 

cells as c o m p a r e d  w i t h  t he i r  i r r ad ia t ion  in en r i ched  g r o w t h  

m e d i u m .  In add i t ion ,  it m u s t  be  e m p h a s i z e d  t h a t  in b o t h  

e x p e r i m e n t s  t he  m a x i m u m  o f  m u t a b i l i t y  was obse rved  

on ly  in uvr  +, b u t  n o t  in  u v r A 6  cells (Fig. 3). 

However ,  bear ing  in m i n d  t h a t  such  d i f fe rences  in  the  

f r e q u e n c y  o f  mosa ic  and  c o m p l e t e  m u t a t i o n s  m i g h t  be a 

consequence  o f  a d i f f e ren t  c o n t e n t  o f  D N A  per  cell and  

d i f f e ren t  n u m b e r s  o f  nuc leo ids  in cells, we dec ided  to  f ind  

o u t  i f  t he re  were  d i f fe rences  in b o t h  p a t t e r n s  b e t w e e n  the  

s tud ied  s t ra ins  o f  bac ter ia .  

C o n t e n t  o f  D N A  per  Cell o f  T w o  S t u d i e d  S trains  o f  

Bacter ia  

We obse rved  earl ier  (T i tov  and  Soyfer  1977)  t h a t  be fo re  

UV- i r rad ia t ion  uvr  + and  u v r A 6  cells h a d  an  equal  c o n t e n t  

o f  D N A  per  cell in b o t h  s t ra ins  o f  bac ter ia .  Fo r  p resen t  

e x p e r i m e n t s  it is very  i m p o r t a n t  to  k n o w  i f  th is  ra t io  will 

be  preserved  u n d e r  f u r t h e r  cu l t iva t ion  o f  b o t h  bac te r ia l  

s trains.  It  was f o u n d  t h a t  dur ing  5 h o u r s  o f  cu l t iva t ion  o f  

un i r r ad i a t ed  bac t e r i a  in  n u t r i e n t  b r o t h  t he  m e a n  c o n t e n t  

o f  D N A  per  cell was c o n s t a n t  (Fig. 4).  

There fore ,  i t  seems t h a t  the  d i f fe rences  in c o m p l e t e  

and  mosa ic  m u t a t i o n s  are n o t  c o n n e c t e d  w i t h  d i f fe ren t  

c o n t e n t  o f  D N A  per  cell o f  b o t h  strains.  
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Fig. 3A-D. Induction of complete (o) and mosaic (e) mutations by 
UV-irradiation of E. coli uvr § in an enriched nutrient broth (A) 
and in a buffer (C), and 1s coli uvr A6  in an enriched nutrient 
broth (B) and in a buffer (D) 
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Fig. 4. Incorporation of 3 H-thymidine into DNA of E. coli uvr + 
(o) and uvr A6 (o) cells during incubation of un-irradiated cells 

N u m b e r  o f  Nucleoids  in the Cells o f  the Two  Strains 

As is well  k n o w n ,  bac te r i a  m a y  have n o t  one  b u t  several  

nuc leo ids  per  cell. D e t e r m i n a t i o n  o f  t he  n u m b e r  o f  nu-  

cleoids in the  p o p u l a t i o n s  o f  E. coli uvr + and uvr A 6  cells 

d e m o n s t r a t e d  t h a t  the  o v e r w h e l m i n g  m a j o r i t y  (93 .9  pe r  

cen t )  o f  uvr + cells have one  or  two  nucleoids ,  a b o u t  5 per  

cen t  o f  the  cells have  3 and  on ly  1 per  cen t  have 4 o r  

more  nuc leo ids  (Tab le  4) .  In E. coli u v r A 6  t he  n u m b e r  o f  

cells w i t h  one  nuc l eo id  was a p p r o x i m a t e l y  h a l f  as m a n y  as 

t h a t  in the  uvr + s t ra in ;  the  n u m b e r  o f  cells w i t h  two  nu-  

cleoids was h igher  t h a n  in the  l a t t e r  (50 .3  and  66.5  pe r  

cen t  respect ively) ,  and  the  to ta l  n u m b e r  o f  bac te r ia l  cells 

wi th  1-2 nuc leo ids  was a p p r o x i m a t e l y  the  same in b o t h  

s t rains  (93 .9  and  87.1 per  cen t  respect ively) .  The  n u m b e r  

o f  cells w i t h  t h r ee  nuc leo ids  in  the  two  s t ra ins  was also 

r a t h e r  s imilar  (5.1 and  6 .8  pe r  cen t ,  respect ively) .  

Thus ,  the  quan t i t a t ive  s t u d y  o f  nuc l eo id  n u m b e r  re- 

vealed some d i f fe rences  b e t w e e n  the  inves t iga ted  s trains .  

The  decrease  in the  n u m b e r  o f  cells w i th  one  nuc l eo id  in 

the  p o p u l a t i o n  o f  bac t e r i a  E. coli uvr A 6  owing  to the  

increase  o f  the  p r o p o r t i o n  o f  cells w i t h  two  and  m o r e  

nuc leo ids  per  cell m a y  have  led to  a change in the  ra t io  o f  

c o m p l e t e  to  mosa ic  m u t a t i o n s  in  uvr A 6  cells i r rad ia ted  

by  UV-l ight  - in pa r t i cu la r  an increase o f  ha l f - sec to red  

mosaic  m u t a n t s  in  uvr A 6  cells. To check  w h e t h e r  the  

d i f fe rences  in the  f requenc ies  o f  c o m p l e t e  and  mosaic  mu-  

t a t i ons  migh t  be  c o n n e c t e d  w i t h  nuc l eo id  p a t t e r n s  in b o t h  

s t rains  we have ana lyzed  the  d i s t r i bu t i on  o f  sec to r  sizes o f  

mosa ic  m u t a t i o n s  in b o t h  bac te r ia l  s trains.  

Table 4. Nucleoid number in E. coli uvr § and uvr A6 cells 

No. of No. of cells 
nucleoids 

expt expt expt expt expt expt expt expt expt expt 
1 2 3 4 5 6 7 8 9 10 

Total of cells % of the number 
with number of cells 
of nucleoids 

1 38 38 52 54 34 44 43 50 41 42 
2 54 54 37 41 60 53 53 45 52 54 
3 7 8 10 4 5 2 2 4 6 3 
4 1 1 - 1 - - 1 1 1 

5 . . . .  1 - 1 . . . .  
6 . . . . . .  1 - - 
7 . . . . . .  1 - - - 

436 43.6 
503 50.3 

51 5.1 
6 0.6 
2 0.2 
1 0.1 
1 0.1 

1 21 22 17 19 27 22 25 22 11 17 
2 68 45 69 69 59 69 65 68 78 75 
3 8 19 9 6 5 7 6 4 6 5 
4 1 17 5 4 4 1 1 1 3 2 
5 2 3 - 1 1 - 1 - 2 - 
6 . . . . . .  1 - - - 
7 . . . .  2 . . . . .  
8 . . . . . . .  1 - - 

9 - 1 . . . . . . . .  
10 . . . . . .  1 - - - 

1 1  - - - 1 2 . . . .  1 

12 . . . . . . .  1 - - 
13 . . . . .  1 . . . .  

206 20.6 
665 66.5 

68 6.8 
39 3.9 
10 1.0 

1 0.1 
2 0.2 
1 0.1 
1 0.1 
1 0.1 
4 0.4 
1 0.1 
1 0 . 1  
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The Di s t r ibu t ion  o f  S izes  o f  Sec tors  in Mosaic  Colonies  o f  

uvr  + a n d  uvr  A - S t r a i n s  o f  Bacter ia  

To reveal whether the arisal o f  mosaic mutat ions depends 
on the activity o f  intracellular enzymes o f  repair in bac- 
teria, or on only the presence o f  one, two or several nu- 
cleoids, we studied the distr ibution of  mosaic mutat ions 
in relation to types o f  sectors. Such analysis o f  sector sizes 
was made for data summarized in Table 3. The distribu- 
tion o f  mosaic colonies'  sector sizes was studied in the 
case o f  mutat ion induction in bacterial populations sus- 
pended in an enriched nutrient  broth  (Table 5), and in the 
case o f  a poor  mineral medium (Table 6). 

It appeared that  the size o f  mutant  sectors was rather 
variable. Colonies were found in the experiments with en- 
riched medium having 1/16, 1/8, 1/4 or 1/2 non-mutant  
parts, as well as colonies with 1/16, 1/8, 1/4 or 1/2 mu- 
tant  parts o f  whole space of  the colony (Table 5). In u v P  

cells the number of  colonies with mutant  sectors occupy- 
ing half  o f  the colony 's  space was one-half as large as 
other  types of  sectors after 60 sec o f  irradiation and was 
roughly similar to the number of  mutant  colonies with 

other sizes o f  sectors (after 480 sec o f  irradiation). In the 

uvr  A 6  strain the number  o f  half-mutant colonies was less 

than that  for other  types of  sectors at 30 sec doses o f  
irradiation, and this number  was increased with the en- 
hancing of  the irradiation dose. 

At the same time the study o f  the number o f  nucleoids 
per cell showed that  in both  bacterial strains the over- 
whelming majori ty  o f  multi-nucleoid cells were represent- 
ed by ceils with two nucleoids. Therefore, i f  a direct cor- 
relation exists between the number o f  nucleoids and the 
type o f  arising mutat ions then the overwhelming part of  

the mosaic colonies will belong to half-sectored colonies. 
However, data presented in Table 5 do not  agree with this 
suggestion. 

The same result was obtained in the series of  experi- 
ments in which bacteria were suspended in a buffer with- 
out glucose during UV-irradiation. A wide distribution of  
types o f  sectors was also revealed in this case (Table 6) 
and it was found that the wide spectrum o f  different sizes 
of  mosaic colonies remained relatively constant in uvr  + 

and uvr  A -  cells irradiated by different doses of  UV-rays. 
Thus, these experiments demonstrated that no direct rela- 

Table 5. Distributi•ns •f sizes •f glu-sect•rs in c•••nies •f uvr+ and uvr-strains suspended in enriched nutrient br•th duringUV "irradiation 

Strain UV dose Totalglu- Number of colonies with mutant sector size The ratio of 
sec colonies half-sectors to 

1 15/16 7/8 3/4 1/2 1/4 1/8 1/16 other types 
of sectors 

uvr § 60 139 133 2 2 2 2 : 4  
480 234 211 4 2 2 10 3 1 1 10 : 13 

uvr- 30 22 19 1 2 1 : 2 
75 55 50 2 3 3 : 2 

135 16 11 5 5 : 0 

Table 6. Distribution of sizes of glu- sectors in colonies uvr + and uvr-cells suspended in a buffer during UV-irradiation 

Strain UV dose Number of Number of colonies with a certain mutant sector The ratio of 
sec mosaic half-sectors to 

mutant 3/4 1/2 1/3 1/4 1/6 1/8 other types 
colonies of sectors 

uvr § 0 1 1 1 : 0  
60 2 1 1 1 : 1  

120 3 1 1 1 1 : 2  
150 10 1 4 1 3 1 4 : 6 
210 9 1 5 2 1 5 : 4 
270 8 1 3 2 2 1 : 7 

uvr- 0 2 1 1 1 : 1  
3.3 4 2 1 1 2 : 2  

10 15 6 3 1 3 2 6 : 9 
17 15 1 8 4 1 1 8 : 7  
23 18 2 12 3 1 12 : 6 
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tionship existed between the number of nucleoids in 
appropriate strains and the types of induced mutations. 
The more preferential explanation is that intracellular en- 
zymes of repair are involved in the process of changing of 
the types of induced mutations. 

Discussion 

In this paper we presented data on the role of UV-specific 
endonuclease (correndonuclease II) in affecting mutation 
induction by UV-irradiation and hydroxylamine treat- 
ment. Probably the presence of normal uvr-genes plays an 
important role both in the kinetics of mutagenesis and in 
the change of the spectrum of the induced mutations. 

As indicated by the findings presented here, a maxi- 
mum mutation frequency after UV-irradiation was ob- 
served only in E. coli  uvr § cells but not in the E. coli  uvr 

A 6  strain. Of course, while the doses of UV-irradiation 
used in experiments with uvr + and uvr A - s t r a i n s  are 
markedly different, it may be assumed that the maximum 
occurs only at sufficiently high UV-doses (i.e. beyond 
those received by the uvr A - c e l l s ) .  However, this sugges- 
tion is hardly correct because in the experiments with 1 M 
hydroxylamine (the damage caused to the DNA was not 
repaired by UV-specific endonuclease (Soyfer 1972a)) the 
maximum of mutation was demonstrated in both strains 
of bacteria at the same doses of mutagenic treatment and 
at the same levels of survival. Therefore, the data from 
experiments with mutagenesis under UV-irradiation and 
HA-treatment confirmed the hypothesis of the role of re- 
pair enzymes (Soyfer 1969) and, mainly, repair endo- 
nucleases (Soyfer 1972a) in the formation of the maxi- 
mum. 

Another result of our experiments is that the preva- 
lence of the frequency of complete mutations over 
mosaics was observed on the model ofE. coli uvr +. This is 
in total agreement with earlier observations of Soyfer 
(1972a). Such a prevalence was not observed in bacteria 
defective in UV-specific endonuclease. 

It is rather difficult to explain more efficient recom- 
binational repair in uvr A -  ceils compared to uvr § cells by 
the differences in the number of nucleoids per cell or by 
the quantity of DNA per cell. Three groups of facts speak 
for the conclusion on the role of UV-endonuclease in the 
mutagenesis: (i) the absence of maximum of mutation in 
uvr A 6  cells irradiated by UV-rays; (ii) the absence of 
correlation between the distribution of cells with different 
number of nucleoids per cell and the distribution of 
mosaic sectors in uvr + and uvr A -ce l l s  irradiated both in 
enriched and poor media; and (iii) the presence of a wide 
distribution of types of mosaic mutations (from 15/16 to 
1/16). 

The point of view that the uvr-dependent branch of 

repair does not take part in mutation production because 
the product of uvr A and uvr B genes, i.e., correndo- 
nuclease II, works without mistakes (Carrier and Setlow 
1970) was widely held among geneticists (Witkin 1976). 
This view-point can be substantiated by the experimental 
data. Experiments with crude extracts revealed that this 
enzyme has barely 10% activity when located on the DNA 
strand opposite to that containing the pyrimidine dimers 
(Carrier and Setlow 1970). Another experiment showed 
that a maximum of one break in the unirradiated, as op- 
posed to 70 breaks in the UV-irradiated, strands occurred 
when heavily UV-irradiated bacterial DNA was analysed in 
vitro (Paribok and Tomilin 1971). More precise studies 
with T4 phage UV-endonuclease has revealed that less 
than 2% of the breaks occur in the strand complementary 
to the strand containing the dimers (Simon et al. 1975). 
Thus, these data clearly demonstrate that mistakes of UV- 
specific endonuclease may take place and, therefore, may 
result in mutation production, especially at high UV- 
doses, as was assumed by Soyfer (Dubinin and Soyfer 
1969; Soyfer 1969) and as was experimentally confirmed 
by Soyfer (1972a), by the works of other authors (Ma- 
kino and Okada 1974; Roberts et al. 1974; Verly 1974) 
and by the present work. 

It is now proven that different groups of repair en- 
zymes of E. coli require various components of growth 
medium for their work. Apparently, with the transfer of 
the bacteria into a buffer repair proceeds mainly due to 
the activity of enzymes which are synthesized under the 
control of uvr genes and the pol  A gene (Town et al. 
1973). It was supposed that these enzymes did not insert 
many mutational mistakes into the repaired chains of 
DNA and, in addition, they finished their work within a 
very few minutes after irradiation (Paul et al. 1976). 

Another type of repair depends on the activity of 
products of exr, rec and pol  C genes. The enzymes in- 
volved in this type of repair require growth medium 
(Sedgwick and Bridges 1972; Smith 1975; Youngs and 
Smith 1973). Hence, it follows that under irradiation of 
bacteria in a rich nutrient broth the conditions will be 
favourable to the second group of enzymes and the fre- 
quency of mutation will be higher in comparison with the 
experiment in which bacteria were resuspended in a buffer 
without carbohydrates. This supposition was confirmed 
experimentally in the present work. First, the highest fre- 
quency of mutations (at the point of maximum) in the 
first series of experiments (an enriched growth medium) 
was almost 10 times higher than in the second series (with 
a buffer); second, this higher frequency was registered 
against the background of higher survival. The last effect 
may be seen, apparently, as a result not only of more 
active work by a system of exr, rec and pol  C genes but 
also of more active work of uvr and pol  A genes. 

Yet, as was shown theoretically (Soyfer 1971), indue- 
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Fig. 5. Formation of mutations due to the errors of repair en- 
zymes. I original DNA, 2 DNA with lesions recognized by repair 
endonucleases, 3 error of excision resulting in the removal of the 
region opposite the damaged one, 4 normal repair event at the 
point of a gap formation at the site of the exased damaged region, 
5 a double-strand break according to the mechanism of a long- 
lived gap, 6 formation of a complete mutation, 7 insertion of an 
extra base under repair replication, 8 insertion of an extra base at 
the end of the repaired fragment during repair replication, 9 inser- 
tion of a wrong base during repair replication 

tion o f  mutations dependent on the activity of  repair en- 

zymes may presumably result not  only from the errors o f  

endonucleases cutting the DNA but also from other repair 

reactions (Fig. 5). Many of  these events come from the 

erroneous recognition o f  certain regions in DNA by repair 

enzymes or from 'conformational errors' as Soyfer called 

them earlier (1972b). 

On the whole the results presented in this communica- 

tion indicate an important role o f  UV-specific endo- 

nuclease in the mutagenesis of  prokaryotes. Of course, we 

cannot say which concrete biochemical mechanism in- 

volved in the mutagenesis is mediated by the uvr A gene 

although many speculative hypothesis are presented re- 

cently (Cole et al. 1976; Sedgwick 1976; Witkin 1976) 

may be considered in this relation. At the present time 

data have been accumulated which indicate the influence 

of  repair enzymes in mutagenesis not only in bacterial and 

animal cells, but in higher plants as well (Soyfer and Kar- 

tel 1978). 
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