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When test ing the action of d i rec t  mutagens on Salmonella  of A m e s '  s t r a ins  [2] we showed that the effect  
of p l a smid  pKM 101 on induced mutabi l i ty  of b a c t e r i a  depends on the type of agents re la t ive  to whose action 
the effect  of this p lasmid  is being analyzed. The pa r t i cu l a r  fea ture  of the action of the p lasmid  re la t ive  to 
changes in the effect  of the mutagens is e x p r e s s e d  as var ious  types of mutat ions ( f r ame- sh i f t  or  b a s e - p a i r  
subst i tu t ions) ,  the poss ib i l i ty  of induction of which is influenced by the plasmid.  For  instance,  the p lasmid  
can induce b a s e - p a i r  substi tut ions and f r a m e - s h i f t  mutat ions,  it can induce b a s e - p a i r  substi tut ions and in- 
c r e a s e  the f requency of f r a m e  shif t  mutat ion ve ry  slightly, o r  it can inc rease  the f requency of b a s e - p a i r  sub-  
sti tutions only, without inducing f r a m e - s h i f t  mutat ions.  

The object  of the p r e s e n t  invest igat ion was to study whether  this rule  extends to mutabi l i ty  of A m e s '  
s t r a ins  under  the influence of mutagens requir ing metabol ic  activation. For  this purpose  carcinogenic  poly-  
cycl ic  hydrocarbons  with di f ferent  levels  of carc inogenic  act ivi ty and their  noncarcinogenic  ana logs  were  used.  

E X P E R I M E N T A L  M E T H O D  

The ~a lmonel la  s t r a ins  were  obtained f r o m  Dr. Ames  [2]. The following polycycl ic  a romat i c  h y d r o c a r -  
bons were  used: b e n z  (a)pyrene - BP (mol. wt. 252.32), 7 ,12-dimethylbenz (a) anthracene - DMBA (mol. wt. 
256.4), benz (a) an thracene  - BA (tool. wt. 228.3), and pyrene .  The f i r s t  three  of these  agents a r e  carc inogens;  
pyrene  has no carcinogenic  activity.  The m i c r o s o m a l  f rac t ion  of r a t  l ive r  to act ivate  the agents was obtained 
byzAmes '  method [3].  To induce enzymes  metabol iz ing the hydrocarbons ,  male  August  r a t s  weighing 100-150 g 
were  given an in t raper i tonea l  injection of 20-methylcholanthrene  dissolved in vegetable  oil, in a dose of 140 
m g / k g  body weight 48 h before  Sacr i f ice .  T rea tmen t  of the bac t e r i a  with the chemica l s  and seeding to count 
the number  of His + r eve r t an t s  p e r  dish were  c a r r i e d  out by A m e s '  method [3]. The mutagenic action of the 
agents was r eco rded  on the bas i s  of the num ber  of r e v e r t a n t s  to his t idine- independence pe r  dish. 

E X P E R I M E N T A L  R E S U L T S  

It will be c l ea r  f r o m  the data given in Figs.  1 and 2 that the chemica l  subs tances  tested,  which have c a r -  
cinogenic activity,  exhibit a mutagenie action. Significant d i f fe rences  were  obse rved  in the i r  mutagenic action 
re la t ive  to  p l a s m i d - f r e e  s t r a ins  record ing  b a s e - p a i r  substi tut ion (s t ra in  TA1535) and f r a m e - s h i f t  mutat ions 
( s t ra in  TA1538). In p l a s m i d r f r e e  s t r a ins  BP, DMBA, and BA did not induce b a s e - p a i r  subst i tut ions ( s t ra in  
TA1535) but  did induce f r a m e - s h i f t  mutat ions ( s t ra in  TA1538). During the act ion of BP on the p l a s m i d - f r e e  
s t r a i n  a somewhat  g r e a t e r  yield of f r a m e - s h i f t  mutan t s  p e r  dish was obse rved  (about 100%} compared  with the 
act ion of DMBA and BA with max imal ly  effect ive doses  of the agent (Figs .  1 and 2). The s t ronge r  mutagenic 
act ivi ty  of BP against  b a c t e r i a  not containing the p lasmid  also was mani fes ted  by the fac t  that  low concen t ra -  
tions of the compound were  mutagenic (0.1 and 1 ~g pe r  dish) ,  although when DMBA and BA were  used these 
doses  had no mutagenic action. 
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Fig. 1. Mutagenic action of BP on s trains  of 
Salmonella. I) Strain TA1538; II) Strain TA98; 
III) TA1535; IV) Strain TA100. P) Pyrene.  
Abscissa ,  dose per  dish (in Cg) ; ordinate, 
number  of His + rever tants  per  dish. 

The mutagenie effect of lower concentrat ions of BP than of DMBA and BA cannot be ascr ibed to differ-  
ences in the molecular  weight of the carcinogens,  for these differences are  very  smal l  for BP and DMBA; the 
molecular  weight of BA is lower than that of BP. 

As Fig. 1 shows, plasmid pKM 101 considerably increased the yield of f r ame-sh i f t  rever tants  (s t rain 
TA 98) under the influence of BP (the maximal  yield of mutants with a dose of 5 ~g per  dish).  To a somewhat 
l e s se r  degree the plasmid increased  induction of f r ame-sh i f t  mutations under the influence of DMBA (Fig. 2). 
Mutagenesis in the s t ra in  containing the plasmid began to be recorded  under the influence of DMBA in doses 
of 1-5 ~g per  dish. The effect of the plasmid on the mutagenie action of BA was less marked still. The resul ts  
given in Figs. 1 and 2 show that in the presence  of plasmid pKM 101 in Salmonella s t ra ins  not only are  f r ame-  
shift mutations induced, but the format ion of b a s e - p a i r  substitutions also becomes  possible under the influence 
of carc inogens  studied (s t ra in  TA100). The grea tes t  mutagenic effect appeared under the influence of BP, dur-  
ing the use of which the mutagenic effect reached a maximum when the dose was 5 ~g per  dish (Fig. 1). 

Maximal induction of base -pa i r  substitutions under the influence of DMBA and BA in the presence  of the 
p lasmid was observed when l a rge r  doses of the agents were given (f rom 100 to 500 ~g per  dish).  Meanwhile, 
compar ison  of the dose dependence of mutagenesis  induced by DMBA and BA shows the following noteworthy 
feature.  The appearance of ba se -pa i r  substitutions in a s t ra in  containing plasmid pKM 101 under the influence 
of BA began to be recorded  at substantially lower doses than those of DMBA. However, when this s t rain was 
t reated with higher doses of the agents (100 and 500 ~g per  dish) more  marked mutageneisis  was observed in 
bac te r ia  t reated with DMBA (Fig. 2). 

Pyrene  induced nei ther  ba se -pa i r  substitutions nor  f r ame-sh i f t  mutations ei ther  in s t ra ins  with or  with- 
out the plasmid (Fig. 1). 

T h e  carcinogenic polycyelie hydrocarbons tested thus induce only f r ame-sh i f t  mutations and do .not in- 
duce base -pa i r  substitution in p lasmid- f ree  s t ra in  of Salmonella; as regards  the intensity of their  mutagenic 
activity, these agents canbe a r ranged  in the following order :  BP > DMBA = BA. The intensity of the plasmid 
effect as regards  both induction of f r ame-sh i f t  mutations under the influence of these agents and ba se -pa i r  
substitutions was c lear ly  defined in the case of BP. The maximal  yield of mutants after  t rea tment  with high 
doses of mutagens was observed in the case of the action of DMBA on bac te r ia  containing the plasmid, com-  
pared with the same bac te r ia  t reated with BA. However, in the presence  of the plasmid, BA induces base -pa i r  
substitutions in much lower doses than DMBA. 

The data showing that the plasmid can induce mutations not caused by the carcinogens tested in the ex- 
periments described above in plasmid-free bacteria (base-pair substitutions) are in agreement with earlier 
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Fig. 2. Mutagenic action of DMBA and BA on 
s t ra ins  of Salmonella.  Legend as in Fig. 1. 

suggest ions of the poss ib le  unique c h a r a c t e r  of mutagenes i s  connected with the p r e sence  of p lasmid  [1], and 
on the need to take account of this unique dif ference when the potential  carc inogens  a re  selected.  

According to data desc r ibed  in this pape r  the p lasmid  induces an effect  only during the action of the 
carc inogens  tested,  and not of the i r  nonearcin_ogenic analog. In the p re sence  of p lasmid ,  BA induces b a s e -  
pa i r  substi tut ions in ve ry  low doses ,  which were  observed  in the exper iments  with DMBA. Consequently, in ex-  
pe r imen t s  with bac t e r i a  containing the p lasmid  high mutagenie act ivi ty  of a p repa ra t ion  possess ing  re la t ive ly  
low carcinogenic  act ivi ty  may  be observed.  It should be pointed out that  in expe r imen t s  with bac t e r i a  not pos -  
sess ing  the p lasmid ,  mutagenic act ivi ty cor responding  to carc inogenic i ty  was not observed:  Both DMBA and 
BA induced f r a m e - s h i f t  mutat ions with equal ye t  low frequency.  

Meanwhile,  the r e su l t s  s howt ha t  the intensi ty of mutagenes i s  connected with the p re sence  of a p lasmid  
does not c o r r e l a t e  with the degree  of carcinogenic  act ivi ty  cha rac t e r i s t i c  of the agents tested.  This was mani -  
fested pa r t i cu l a r ly  c l ea r ly  when the p la smid  effect  was compa red  in the case  of DMBA, an ac t ive  c-arcinogen, 
and BA, whose carc inogenic  act ivi ty is v e r y  low. 

According to the r e su l t s  desc r ibed  above, another  fact  which de se rve s  attention is that in s t r a ins  con-  
taining the p lasmid  the carc inogens  studied induced not only mutat ions,  which can be induced in p l a s m i d - f r e e  
bac te r ia ,  but also mutat ions ( b a s e - p a i r  subst i tut ions)  that do not a r i s e  in such bac ter ia .  

These r e su l t s  a r e  evidence of the need to de te rmine  more  p r e c i s e l y  the c r i t e r i a  that mus t  be taken into 
account when bac t e r i a l  s y s t e m s  a re  used in p r ac t i ce  for  p r i m a r y  sc reen ing  of carc inogens .  
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