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~kl[~TRAET. Ethyl  methanesulfonate was used for the induction of three types of mu tan t s  in a non-acid- 
fast strain of Mycobacterium phlei. A total of 20 auxotrophie mutants  was isolated. The mutants  were 
isolated mostly when using doses yielding higher survival of the cells of the basic suspension. The auxo- 
trophic mutants  isolated required mostly amino acids, two mutants  required purines and three mutants  
required vitamins. By determining the frequency of spontaneous reversions, it  was found tha t  9 attxo- 
trophic mutants  could be used for further genetic studies. These included the following phenotypes: 
isoleucine-, leueine-, lysine-, nicotinic acid-,  pyridoxine-  and xanthine- .  Seven scotochromogenic mutants  
were isolated after ethyl methanesulfonate t reatment .  One was ochre, the remaining six were orange. 
Six achromogenic mutants  were detected. Spontaneous auxotrophic mutants ,  scotochromogenic and 
achromogenic mutants  were not  isolated. The t reatment  with 0.2 M ethyl methanesulfonate resulted in 
an increase in the frequency of STM-rcsistant mutants ,  the maximum phenotypic expression taking place 
after 72 hours cultivation in a liquid medium without the drug. The frequency of induced STM-resistant 
mutants  varied within the range of 8 .6 .10  - 5 - 1 . 0 . 1 0  -4 as compared with the frequency of spontaneous 
mutants  5 . 8 . 1 0 - e - - 8 . 8 . 1 0  -4. 

In this paper we summarize results 
obtained when studying the mutagenic 
effect of ethyl methanesulfonate on a 
non-acid-fast strain of Mycobacterium 
phlei. Ethyl  methanesulfonate belongs to 
a group of  alkylating agents and is 
considered to be a very effective mu- 
tagen. I t  acts specifically on the 7 
position of guanine, the t rea tment  re- 
sulting in its conversion to 7-ethylguan- 
ine causing errors in base pairing in 
DNA (Bautz & :Freese, 1960; Brookes & 
Lawley, 1961). Under  certain conditions 
the  alkylation of adenine in positions 
1 ~ and 3 ~ leading to 1 or 3 ethyladenine 
may  also be considered (Pal, 1962; 
Krieg, 1963). The mutagenic effect of 
ethyl methanesulfonate was studied by 
observing the induction of auxotrophic 
mutants ,  s t reptomycin (STM)res is tant  
mutants  and the induction of scoto- 
chromogenic and achromogenic mutants,  
the pigmentation changes being previ- 
ously found useful as a genetic marker 

in mutat ion studies (Konieek & M~lek, 
1967). The inactivation effect was studied 
only in order to obtain data  required for 
the s tudy of the mutagenic effect. 

MATERIALS AND ~-~fETHODS 

A prototrophic, photochromogenic, 
non-acid-fast strain P N  of Mycobacte- 
rium phlei isolated by  Hub~eek and 
Ms {1958) as a mutan t  of the acid- 
fast  strain PA of Mycobacterium phlei 
was used in the study. This strain is 
listed under No. 727 in the catalogue of 
mycobacteria  by  Haudoroy  (1966). The 
suspension of the bacterial culture was 
prepared by cultivation in a liquid Dubos 
medium containing Twecn 80 (final con- 
centration of 0.05%) at 37~ for 48 
hours. The viable cell count was de- 
termined by  spraying the suspension on 
a solid medium with t ryptose (Bacto 
t ryptose Difco 15.0, NaCl 0.2, K a H P O  4 
0.2, distilled water ad 1000 ml, pH 7.2, 
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agar 20.0, 10 ml of 50% glucose added 
after sterilization). The plates were 
examined after 4 days at  37 ~ C. A modi- 
fication of the method used by Linde- 
gren (Lindegren et al., 1965) with Sac- 
charomyces was adopted for the ethyl  
methanesulfonate t rea tment  of the PN 
strain. The cell suspension was washed 
and resuspended in 0.2 M phosphate 
buffer pH 7.6 containing Tween 80. 
E thy l  methanesulfonate (CHaOSO2CaHs, 
m.w. 124, b.p. 86~ at  11 mm Hg) was 
added to a final concentration of 0.2 M. 
The reaction mixture at  a final pH of 
6.6 was incubated in the PatoSka flask 
in a water bath  at  37 ~ C. Samples were 
taken at  intervals and the effect of 
e thyl  methanesulfonate interrupted by 
adding the "stop solution" (6% sodium 
persulphate containing Tween 80, l0 min 
a t  room temperature). After the in- 
act ivat ion the samples were concentrated 
with a physiological saline containing 
Tween 80 to the initial volume, diluted, 
sprayed onto the solid medium with 
tryptose and incubated 5 days at  37 ~ C. 
The samples were taken at  30 and 
60 min intervals for 6 hours in the 
experiments carried out to obtain values 
for the construction of the respective 
survival curve. 

The t reated suspensions were inocu- 
lated on a solid medium with tryptose 
and the same medium containing STM 
(Streptomycin Jenapharm,  Jena, Ger- 
many, ]0 ~zg/ml) when inducing auxo- 
trophic, scotochromogenic and achromo- 
gemc mutants .  Auxotrophic mutants  
were isolated by replica-plating of colon- 
ies from the complete medium on the 
Davis minimal medium and incubation 
for 3 days at 37~ (Lederberg & Leder- 
berg, 1952). Nutrit ional requirements of 
the obtained auxotrophic mutants  were 
determined by the auxanographic method 
on the solid Davis minimal medium 
(Lederberg, 1950). Amino acids, purines, 
pyrimidines, nucleosides, nucleotides and 
vitamins were tested. Stability of the 
classified auxotrophic strains was studied 

by determining the frequency of spon- 
taneous reversions. Washed suspension 
of a 48 hours bacterial culture of the 
auxotrophic strains was inoculated on 
a solid medium with tryptose for the 
determination of the viable cell count 
and solid minimal medium for the de- 
termination of spontaneous reversions. 
When isolating auxotrophic mutants  
a 0.05 M concentration of ethyl  methane- 
sulfonate was used for long-term treat- 
ment  in addition to 0.2 M of the drug 
(NeS~sek, 1966). Scotochromogenic mu- 
tants  were isolated after 5 days in the 
darkness at  37~ Aehromogenic mu- 
tants  were isolated after 3 day exposure 
to daylight. 

STM-resistant mutants  were obtained 
by incubation of the ethyl  methane- 
sulfonate-treated bacterial suspension in 
a liquid medium for 96 hours at  37~ 
in order to allow for the phenotypic 
expression of the induced mutants .  Sam- 
ples were taken at  24 hours intervals and 
inoculated on a solid medium with tryp- 
rose and on the same medium with STM 
in order to determine time of the maxi- 
mum occurrence of the mutants .  The 
frequency of spontaneous STM-resistant 
mutants  was determined by spraying 
the non-treated suspension on the res- 
pective media. 

RESULTS 

The inactivation of cells of Mycobac- 
terium phlei PN by both concentrations 
of ethyl  methanesulfonate is very slow; 
2 hours t rea tment  with 0.2 M ethyl  
methanesulfonate at  pH 6.6 resulted in 
about 80% survival, the inactivation 
then became faster reaching values below 
0.1% (Fig. 1) after 5 hours t reatment .  
The survival curve (Fig. 2) was of 
a biphasic type after t rea tment  with 
0.05 M concentration of ethyl  methane- 
sulfonate used in order to induce auxo- 
trophic mutants  by means of longterm 
mutagcnic t reatment ,  the inactivating 
effect of the lat ter  concentration being 
very low. A slow decrease of the survival 
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Fig. 1. Survival  curve of  Myeobacteriura pldei PN 
af ter  t r e a t m e n t  wi th  0.2 M e thyl  methanesulfonate. .  

curve occurred only after 3 hours t reat-  
ment, 50% and less than  10% cells 
surviving 6 hours and 18 hours treat- 
ment, respectively. 
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Induct ion of auxotrophic mutants  

A total  of 17 auxotrophic mutan ts  
(Table 1) were isolated after the treat-  
ment  of the P N  strain of Mycobacterium 
phlei with 0.2 ~r ethyl methanes ulfonate. 
The mutan ts  were isolated most ly after 
the t rea tment  with doses yielding a 
higher survival. The survival was lower 
than 10~/o only in the case of 3 mutants .  
Conditions were used in various experi- 
ments yielding the survival of  cells of  
the basic suspension varying within the  
range of several tens up to several 
tenths to hundredths per cent. Three 
auxotrophic pautants (Table 2) were 
obtained when treating the cells with 
the lower mutagen concentrat ion for 
4 hours (74% survival) and 18 hours  
(7.5% survival). Out of a total  of 20 
auxotrophie mutants  isolated 12 re- 
quired amino acids, 2 mutants  required 
purines and 3 mutan ts  required vitamins. 
One mutan t  was doubly auxotrophie  
requiring inositol and cystine or cysteine 
(the strain grew slowly even in the  
presence of both compounds) and was  
isolated when the survival of cells of the  

Table 1. Auxotrophie  m u t a n t s  of Mycobacterium phlei P-~ induced by  0.2 M ethyl  methanesu l fona te  

Nutr i t ional  requi rement  N u m b e r  % survival*  I F requency  of spon- 
I taneous  reversions 

Alanine-  (cysteine-) STM r 
Cyst ino-  (methionine- ,  cysteine-)  
Glutamie ac id-  (aa-ginine-, cys t ine-)  
l soleueine-  
Leueine-  

Lys ine -  
Methionine-  
X a n t h i n e -  STMr 
Pur ines -  
Inos i to l -  cys t ine-  (eysteine-)  
Nicotinic a~id- 
Pyr idox ino-  
Th iamine -  
Inde te rminab le  

1 10.1 
1 1.3 
1 6.5 
1 18.0 
3 2.9 

66.7 
20.0 

1 26.1 
1 18.0 
1 18.0 
1 18.0 
1 10.1 
1 18.0 
1 32.5 
1 50.1 
2 

4.8 .  10 -5 
5.9 10 -4 
5.7 10 -e 
4.8 10 -7 
2.5 10 -9 
4.2 10 -a 
6.1 10 -9 
1.0 10 -7 
1.9 10 -3 
7.6 10 -9 
> 10-3 

** 

1.7.  10 -7 
3.8.  10 -7 
> . lO-a 

* % survival  of  cells of  the  basic suspension af ter  e thyl  methanesu l fona te  t r ea tmen t ;  
** f requency of  reversions canno t  be de termined as the  s t ra in  does no t  form separate  colonies ell mi- 

nimal  med ium.  



1969 M U T A G E N E S I S  O F  MYCOBACTERIUM 197 

I 0 0 .  

,,, I0 = 

d 

1.0. 

o . ,  , , - -  / / - -  ..... ih , ~ ~ ,, 
l l m e  ( r  :~) 

Fig.  2. Surv iva l  cu rve  o f  Mycobac~eriurn phlei PbT 
a f t e r  t r e a t m e n t  wi th  0.05 xr e t hy l  m e t h a n o s u l f o n a t o .  

basic suspension was 10.1%. Require- 
menst  for several compounds were found 
in the case of  several mutants,  however, 
the addition of only one compound is 
sufficient. The strain requiring cystine 
(methionine, cysteine) was very  com- 
plex, it grew slowly on adding any of 
the  amino acids in question. Normal 
growth was observed after the addition 
of  nicotinic acid or riboflavin; vitamins 
alone did not  support  growth. Two 
mutants  were also STM-resistant being 
isolated on the STM containing medium. 
Morphology of colonies and rods grown 
in liquid media did not  change after 
t rea tment  with ethyl methanesulfonate.  

When determining the frequency of 
spontaneous reversions it was found 

tha t  the reversion frequency of  9 auxo- 
trophic mutants  was low. The reversion 
frequency of  the doubly  auxotrophic 
mu tan t  P N  inositol-, cys t ine -cou ld  not  
be determined as the strain in question 
did not  grow on a minimal medium in 
the  form of separated single colonies. 
Colonies of spontaneous revertants  on 
the minimal medium were usually smaller 
than those of the prototrophic P N  strain. 
They were bulgy, dull and mostly round. 
The colonies of a few strains had ir- 
regular margins. The colonies of 5 strains 
were of a cauliflower-like type.  This 
type  disappears on further subcultures.  
Rever tan t s  of the strain cyst ine-  (meth- 
ionine-, cysteine-) formed both  normal 
colonies and rather  bizzare colonies the 
shapes of which were not  genetically 
fixed. Spontaneous auxotrophic mutants  
were not  detected. 

Induct ion of STM-resistant mutants  

The higher concentration of e thyl  
methanesulfonate was used for the in- 
duction of STM-resistant mutants.  I t  
was found tha t  the number  of these 
mutan ts  increased considerably, incuba- 
tion in a liquid medium without  the 
drug after ethyl  methanesulfonate treat-  
ment  being essential for the phenotypic  
expression, l~[aximum phenotypic  ex- 
pression took place only after 72 hours 
incubation. Prolonged incubation be- 
yond this period resulted in a decrease 
of the number  of mutants.  Survival of 
cells of the basic suspension after the 
mutagenic t rea tment  varied from 3.1 to 

Tab l e  2. A u x o t r o p h i e  m u t a n t s  o f  Mycobacterium phlei P X  induced  wi th  0.05 .~I e t hy l  m e t h a n e s u l f o n a t e  

Nu t r i t i ona l  r e q u i r e m e n t  
I 

N u m b e r  ~o su rv iva l*  [ F r e q u e n c y  of  spon-  
t a n e o u s  revers ions  

I 

C y s t i n e -  1 7.5 5 . 4 .  10 - s  
L e u c i n e -  1 7.5 1.1 . 10 -7 
L y s i n e -  1 74.0 1 .6 .  10 -7 

* ~o su rv iva l  o f  cells of  bas ic  suspens ion  a f te r  t r e a t m e n t  wi th  0.05 M e thy l  m e t h a n e s u l f o n a t e .  
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T a b l e  3. F r e q u e n c y  o f  S T M - r e s i s t a n t  m u t a n t s  o f  Mycobav~rium phlsi P N  i n d u c e d  w i t h  0 .2  M e t h y l  m e t h a n e -  
s u l f o n a t e  

F r e q u e n c y  

o, s u r v i v a l *  /o i n d u c e d  i 
s p o n t a n e o u s  [ 24  [ 48  I 72 I 9 6 ' *  

18 .0  8 . 5 .  10 - s  3 . 4 . 1 0  -5  9 . 0 .  10 -5  1.0 . 10 -4  5 . 0 .  10 -5 

3.1 6 . 0 .  l 0  -6 1 . 0 .  10 -5 6 . 3 .  10 -5  8 . 6 . 1 0  - s  7 . 3 .  10 -5  

* ~ s u r v i v a l  o f  ce l l s  o f  b a s i c  s u s p e n s i o n  a f t e r  t r e a t m e n t  w i t h  e t h y l  m e t h a n e s u l p h o n a t e ;  
** t i m e  o f  i n c u b a t i o n  in  h o u r s  in  a l i q u i d  m e d i u m  a f t e r  e t h y l  m e t h a n e s u l f o n a t r  t r e a t m e n t  a l l o w i n g  f o r  

p h c n o t y p i c  e x p r e s s i o n .  

18% in different experiments. Table 3 
presents frequencies of spontaneous and 
induced mutants  in 2 experiments. The 
frequency of spontaneous STM-resistant 
mutants  varied within the range of 
5.8. 10 -6 to 8.8. 10-% The maximum 
increase in the frequency of induced 
STM-rcsistant mutants  varied within the 
range of 8.6. I0 -5 to 1.0. 10 -4 , the in- 
duced frequency hence increased roughly 
by an order of magnitude of 1.1/4 as 
compared with the spontaneous fre- 
quency. Colonies of the mutants  were 
round, bulgy, dull, their margins were 
regular, they  grew into agar and were 
smaller than  the colonies of the original 
PN strain. 

Induct ion of scotochromogenic and 
achromogenic mutants  

A total of 7 scotochromogenic and 
6 achromogenic mutants  were isolated 
after t rea tment  of Mycobacleriura phlei 
PN with 0.2 ~ ethyl methanesulfonate. 
Scotochromogenic mutants  were induced 
by doses yielding both high and low sur- 
vival of cells of the original suspension 
(Table 4). They were obtained as sec- 
tored colonies with the exception of 
2 mutants.  The mutan t  No. 5 was ochre, 
the remaining mutants  were orange. 
The mutants  grew well on all complete 
media and Davis minimal medium, on 
which the pigmentation of colonies was 
as pronounced as on the tryptose me- 
dium. The mutants  1 and 5, whose growth 

was less abnndant  on the minimal 
medium and which formed lower quanti- 
ties of pigments were exceptional in 
this respect. The mutan t  No. 1 did 
not grow into agar as compared with 
the PN strain. Morphology of rods of 
the cultures grown in liquid media and 
morphology of colonies of all scoto- 
chromogenic mutants  did not  differ from 
those of the photochromogenic PN strain. 
When following up the stability of these 
coloured mutants  by observing pigmen- 
tat ion of the colonies on tryptose me- 
dium after cultivation in the dark, i t  
was found tha t  only the ochre mu tan t  
reversed spontaneously to the original 

T a b l e  4. S e o t o c h r o m o g e n i c  m u t a n t s  o f  Mycobac. 
terium phlei P N  i n d u c e d  w i t h  0 .2  • e t h y l  m e t h a n e -  
s u l f o n a t e  

Mu- I %su~- t a n t  r i v a l  * 

I 

P i g m e n -  
t a t i o n  o f  
c o l o n i e s  

S T M  r 
l0 y/ml 

S p o n t a n e o u s  
r e v e r s i o n s * *  

1. 6 0 . 6  o r a n g e  - -  - -  
2.  4 4 . 0  o r a n g e  - -  - -  
3.  18 .0  o r a n g e  - -  - -  
4.  6 .5  o r a n g e  - -  - -  
5. 2 .9  o c h r e  - -  c o n s i d e r a b l e  
6.  0 . 13  o r a n g e  - -  - -  
7. 0 . 13  o r a n g e  - -  - -  

* ~ s u r v i v a l  o f  ce l l s  o f  b a s i c  s u s p e n s i o n  a f t e r  
t r e a t m e n t  w i t h  e t h y l  m e t h a n e s u l f o n a t e ;  

** s p o n t a n e o u s  r e v e r s i o n s  t o  o r i g i n a l  t y p e  o f  p i g -  
m e n t a t i o n .  
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photochromogenic type;  the remaining 
mutants  did not  reverse. 

Achromogenie mutants  were obtained 
mostly when using doses yielding a higher 
survival of cells of the basic suspension 
(Table 5) and isolated as minor non- 

Table 5. Achromogenie  m u t a n t s  of  Mycoba~rlum 
pldei P N  induced wi th  0.2 M ethyl  methanesul fonat~  

I s= ISpon=o= 
vival * I0  y/m] reversions** 

1. 74.5 - -  -- 
2. 21.3 - -  considerable 
3. 20.0 - -  rare 
4. 18.0 § --  
5. 7.5 - -  - -  

6. 2.9 - -  - -  

* % survival  of  cells of  basic suspension af ter  
t r e a t m e n t  wi th  e thyl  methanesul fonato ;  

** spon taneous  reversions to original t4~pe of  pig- 
menta t ion .  

pigmenting colonies. Long-term exposure 
of the mutants  to daylight and regular 
subcultures on solid media did not  
change their achromogenic character. 
The mutants  grew well on ordinary 
media used to cultivate the P N  strain, 
the growth of the mutants  2 and 3 only 
was decreased on the minimal medium. 
However,  it should be pointed out  here 
tha t  we were not  dealing with auxotro- 
phic mutants  in this case. The morphology 
of colonies and rods was not  changed 
in individual mutants.  One of  the mutants  
was also STM-resistant being isolated 
on the solid t ryptose medium containing 
STM. Spontaneous reversions to photo- 
ehromogeny were observed quite fre- 
quent ly in one mutan t  and were rather  
rare in another on exposure to daylight 
for several days. Spontaneous scotochro- 
mogenic and achromogenic mutan t s  were 
not  detected. 

DIBCUSSION 

The effect of  ethyl methanesulfonate 
on the induction of three types of 
mutants  in Mycobacterium phlei P N  was 

examined thus extending our previous 
studies with UV-radiat ion (Koni6ek & 
Ms 1967, 1968). E thyl  methane- 
sulfonate was used as an effective mu- 
tagen for the induction of metabolic 
mutants  by  a numbers of  authors. Linde- 
gren et al. (Lindegren et al., 1965) ob- 
tained considerable numbers of auxo- 
trophic mutants  in Saccharomyces, many 
of which required several nutrients, and 
concluded on the basic of the results 
obtained that  ethyl methanesulfonate 
induces many types  of mutat ions re- 
quiring various nitrogen bases, vi tamins 
and amino acids. However,  the author  
drew at tention also to the fact tha t  
many mutants  were genetically unstable 
and reversed spontaneously with a high 
frequency. The mutagen was also used 
with Schizosaccharomyces pombe (Lo- 
prieno, 1966) for the induction of adenine 
requiring mutants  which were easily 
detected as they  produce a purple pig- 
ment. NeSs (1966) induced auxo- 
trophic mutants  in Corynebacteria by 
long-term ethyl methanesulfonate treat- 
ment  and found tha t  the frequency of  
induced mutants  increased to 15% and 
even 80~o when treating the cells for 
18 hours with 0.05 ~ and 0.1 M ethyl 
methanesulfonate,  respectively, as com- 
pared with the 0.5% frequency obtained 
after 30 to 120 min treatment .  The same 
results were obtained with Brevibacte- 
rium aramoniagenes (Honzovs et al., 
1968). We were unable to obtain a con- 
siderable increase in the number  of  
auxotrophic mutants  when working with 
our model microorganisms. However,  
perhaps even longer t rea tment  should 
be used. NeS~sek also suggests in his 
paper tha t  the spectrum of auxotrophic 
mutants  induced with ethyl methane- 
sulfonate resembles more closely tha t  
obtained after UV-trea tment  than tha t  
obtained when using nitrogen mustard. 
Ethyl  methanesulfonate was also used 
for the induction of  mutants  in bacterio- 
phages (Loveless, 1959; Straus, 1961). 
A total of twenty  auxotrophic mutants  
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were isolated after the t rea tment  of 
.Mycobacterium phlei P N  with both used 
concentrations of ethyl methanesulfon- 
ate. Most mutants  are amino acid de- 
pendent.  As compared with UV-radiation, 
the  mutan ts  were usually detected after 
t rea tment  with doses yielding higher 
survival  of  cells of the basic suspension. 
Three mutants  requiring nicotinic acid, 
pyridoxine and thiamine were obtained 
compared to UV-t rea tment  where no 
mutants  requiring vitamins were de- 
tected. On the other hand, many more 
mutan ts  requiring components of nucleic 
acids were obtained in the P N  strain as 
a result Of UV-irradiation. Nine auxo- 
trophic mutants  representing six different 
phenotypes  could be used in further 
genetic studies due to their low fre- 
quency of  spontaneous reversions. Mu- 
tan ts  with changed pigmentation were 

: R e f e r e n c e s  

Bautz, E., Freese, E.: On the mutagenic effect of  
alkylating agents. Prec. nat.  Acad. Sci. US. 
46 : 1585, 1960. 

Brookes, P., Lawley, P. D.: The reaction of mono 
and di-functianal alkylating agents with nucleic 
acid. Biochem. J. 80:496,  1961. 

:Hauduroy, P.: Lists de germes du genre Myeo- 
bacterium. Inst i tute  d'Hygi6ne de Lausanne, 
1966. 

Honzovh, H., Javdrkovh,  B., ~koda, J . ,  Dyr, J . :  
A quantitative evaluation of the mutagenic effect 
of  ethylmethanesulfonate in  Brevibacterium am- 
moniaqenes and qualitative character of the mutants 
obtained. Fol. microbiol. 13:125,  1968. 

Hubh~ek, J . ,  M~ek, I.: Einige biologisehe und 
bioehemisehe Eigenschaften sdurefestsr und nicht. 
sdurefester S ~ m m e  des Myeobacterium pM, ei. Fol. 
biol. 4 : 220, 1958. 

IKoni6ek, J . ,  Mhlek, I.: The induction of pigmenta- 
tion change in a non.acid-fast strain of Myeo- 
bacterium phlei by ultraviolet radiation. :Fol. 
naierobiol. 12:417,  1967. 

Koni6ek, J. ,  MAlek, I.: Mutayenlc effect of ultra. 
violet radiation on the non-acid.fast strain of 
Mycobacterium phlei. Fol. microbiol. 13 : 282, 
1968. 

Krieg, D. R.: Ethyl methanesulfonate -- induced re- 
version of bacteriophage T 4 r I I mutants. Genetics 
48 : 561, 1963. 

Lederberg, J . :  Isolation and characterization of 

usually stable and may  hence also be 
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0.2 ~ ethyl methanesulfonate increased 
the frequency of induced STM-resistant 
mutants  by  about  1.114 of an order of 
magnitude, the maximum phenotypic  
expression being reached after 72 hours 
incubation in a drug-free liquid medium. 
The maximum phenotypic  expression 
was reached already after 48 hours 
incubation in the same medium when 
using UV-radiat ion (KoniSek & M~lek, 
1968). Verly etal .  (1967) used ethyl 
methanesulfonate and nitrous acid for 
the induction of STM-resistant mutants  
in Escherichia cell K 12 and also found 
tha t  it was necessary to incubate the 
t rea ted suspension for several hours in 
a liquid medium prior to the application 
of STM. 
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her excellent technical assistance. 

biochemical mutants of bacteria. Methods in Med. 
lores. 3 : 5,  1950. 

Lederberg, J . ,  Loderberg, E.  M.: Replica plating 
and indirect selection of bacterial mutants. J. 
Baeteriol. 63 : 399, 1952. 

Lindegron, G., Hwang, Y. L., Oshinaa, Y., Linde- 
gren, C. C.: Genetlcal mutants induced by ethyl 
methanesulfonate in  Saccharomyces. Can. J .  Genet. 
Cytol. 7 : 491, 1965. 

Loprieno, N.: Differential r~ponse of Schizosac- 
charomyces pombe to ethyl methanesulfonate and 
methyl methanesulfonate. ~futation I~s .  3 : 486, 
1966. 

Loveless, A.: Mutation of T 2 bacteriophage as 
a consequence of alkylation in  vitro: the uniqueness 
of ethylation. Prec. roy. Soc. London B 150 : 497, 
1959. 

Ne6hsek, J . :  Mutagenic effect of  ethyl methane. 
eulfonate in  Corynebacterium. The physiology of 
gene and mutation expression. Proceedings of  
a Symposium hold in Prague 1965, Academia --  
Prague. 115, 1966. 

Pal, B. C.: Studies on the alkylation of  purines and 
pyrimidines. Biochemistry 1 : 558, 1962. 

Straus, B. S.: Specificity of the mutagenic action of  
the alkylating agents. Nature 191:730,  1961. 

Verly, W., G., Barbason, H., Dusart, J . ,  Peti tpas-  
Dewandre, A. : A comparative study of the action 
of ethyl methane sulfonate and H N 0 2  on the 
mutation to streptomycin reai~auce of Eoeherlchia 
eoli K 12. Bit)china. biophys. Acts  145 : 752, 1967. 


