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T r e a t m e n t  of DNA with ni t rous  acid modif ies  its abil i ty to inhibit t r ans fo rma t ion  o f  
Baci l lus  subt i l is .  T r e a t m e n t  for  20 min i nc rea se s  the inhibi tory power  of the DNA, but 
longer  t r e a t m e n t  r educes  it .  

Addition of DNA, isolated f rom the rec ip ien t  cel ls  o r  f rom other  sou rces ,  to a t r ans fo rma t ion  m i x -  
ture  of bac t e r i a  ( t r ans formant  DNA + competent  rec ip ien t  cells) leads to the inhibition of t r ans fo rma t ion  
[4, 9, 14, 16]. P rev ious  expe r imen t s  with Baci l lus  subti l is  showed that d i s tu rbances  of the p r i m a r y  and 
secondary  s t r u c t u r e  of inhibi tory DNA, induced by x - r a y  i r rad ia t ion  or  by exposure  to heat  o r  ul t rasound,  
is accompanied  by  a dec r ea s e  in i ts  abil i ty to inhibit t r ans fo rma t ion  [6, 8]. 

The object  of this invest igat ion was to study the ac t iv i ty  of inhibi tory DNA t r ea t ed  with ni t rous  acid, 
because  this mutagen causes  deaminat ion of ni t rogenous ba se s  and the fo rmat ion  of i n t r amolecu l a r  c r o s s -  
l inkage [12]. 

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

T r a n s f o r m a n t  DNA was i so la ted  f r o m  cells  of s t r a in  Bacil lus subti l is  23 EMB by the method of 
E p h r a t i - E l i z u r  et  alo [11], modif ied by B r e s l e r  [1]. Cells of s t r a in  B. subti l is  1682, incapable of synthesiz ing 
leucine and t ryptophan by t hemse lves  (leu-, t ry - ) ,  were  used as rec ip ien t s .  Both s t ra ins  we re  obtained 
f r o m  P r o f e s s o r  J .  M a r m u r  (USA). Inhibi tory DNA was isola ted f rom ca l f ' s  thymus by G e o r g i e v ' s  method 
[2]. Phosphorus  in the DNA prepa ra t ions  was de te rmined  by Spi r in ' s  method [5] and prote in  by L o w r y ' s  
method [15]. The n i t rogen /phosphorus  ra t io  in all  p r epa ra t ions  did not exceed 1.80, and the pro te in  content, 
cor responding  to this N / P  ra t io ,  did not affect  the inhibi tory act ivi ty of the DNA [7]. The v i scos i ty  of the 
s amp le s  was de te rmined  with a low-grad ien t  cap i l la ry  v i s c o s i m e t e r ,  with extrapolat ion to ze ro  flow 
gradient .  The melt ing curves  of the DNA were  r eco rded  on a type SF-4  spec topho tomete r  in the rmos ta t i ca l ly  
control led cel ls ,  T r a n s f o r m a t i o n  expe r imen t s  were  c a r r i e d  out by a modif ied method of Spizizen and 
Anagnostopoulos [10]. T r e a t m e n t  of DNA with ni trous acid was c a r r i e d  out by Schramrn ' s  method [17]o 
The inhibi tory and t r ans fo rming  ac t iv i t ies  of DNA were  de te rmined  by counting the number s  of leu +, t r y  +, 
and leu + + t ry  + t r a n s f o r m a n t s .  

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

To de te rmine  the effect  of ni t rous acid on the abil i ty of DNA to inhibit t r ans fo rma t ion  of B__. subti l is ,  
DNA f rom calf  thymus ,  t r ea t ed  with 2 M NaNO 2 solution fo r  20, 40, and 60 rain, was used.  The effect  of 
NaNO2 on the t r ans fo rming  act ivi ty of DNA ( t rea tment  for  the same  t imes)  was examined in control e x p e r i -  
men t s .  To exclude any poss ib le  inhibi tory action of res idues  of ni t rous acid on t r ans fo rma t ion ,  in some 
exper iments ,  instead of DNA inhibitor,  ni t rous acid and physiological  sal ine were  added to the t r a n s f o r m a -  
tion mix ture .  In this case  no inhibi tory effect  was obse rved .  
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TABLE 1. Degree of Inhibition of Transformat ion  of B. subtilis in 
Relation to Time of Addition of Inhibitory DNA, Treated  with Nitrous 
Acid, to Transformat ion  Mixture 
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Fig. 1. Kinetics of inactivation of 
inhibitory DNA: 1) leu+; 2) t ry+;  
3) t ry  + + leu +. 
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Fig. 2. Kinetics of inactivation of 
t rans forming  DNA. Legend as in 
Fig. 1. 

The effect of nitrous acid on the ability of thymus DNA to inactivate the t rans format ion  of B. subtilis 
is i l lustrated in Fig.  1. DNA activity was dependent on the t ime of nitrous acid t reatment ,  because t r e a t -  
ment of this DNA for  20 rain caused a fur ther  increase  in its inhibitory activity.  After t rea tment  for 40 
min, the number  of t ransformants  of all three c lasses  began to increase .  After t rea tment  for 60 rain, the 
number  of t ransformants  re turned  to normal ,  i .e. ,  the ability of the thymus DNA to inhibit t ransformat ion  
was completely suppressed .  Changes in the activity of t rans formant  DNA after  its t rea tment  with ni trous 
acid are  shown in Fig.  2. With an increase  in the duration of t rea tment  (20, 40, and 60 min) its t r a n s f o r m -  
ing activity diminished and the number  of t rasnformants  of all three c lasses  decreased  sharply .  

The next step was to investigate the relat ionship between the inhibitory activity of DNA and damage 
to its p r i m a r y  and secondary  s t ruc tu re .  For  this purpose the melting tempera ture  of native and t rea ted  
DNA was determined.  Investigation of melting curves of native and modified DNA showed that, during 
t rea tment  of the DNA with ntrous acid, its melting t empera tu re  decreased .  In a solution with ionic s t rength 
0.01 it was shifted f rom 65 ~ for native DNA to 62, 60, and 55 ~ for DNA trea ted  with ni trous acid for  20, 40, 
and 60 min (respectively).  This effect is connected with weakening of the secondary  s t ruc ture  due to 
deamination of guanine by the react ion with nitrous acid and to conversion of the more  stable G-C pair  into 
the left stable A-T  type of pair  [3]. No distubanee of the p r i m a r y  DNA s t ruc ture  could be detected by the 
methods used.  An attempt was made to separa te  the DNA strands by heat in 0.01 iV[ Na + solution, but 
because of the format ion of stable covalent c ross  linkages between the DNA strands [13], it was impossible  
to separate  these s t rands even at 92-94~176 

The resul ts  concerning the kinetics of suppress ion of the inhibitory activity of thymus DNA under the 
influence of nitrous acid, and also the resul ts  of control experiments  in which the activity of t r ans fo rmant  
DNA was suppressed,  indicate that the charac te r  of inhibition of t ransformat ion  and inactivation of the t ry  +, 
teu +, and leu + + t ry  + m a r k e r s  is a lmost  identical.  
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The authors  have previously  shown [4] that the inhibitory activity of DNA depends on the t ime of 
addition of the DNA inhibitor to the t ransformat ion  mixture ,  and that the g rea tes t  inhibitory activity is 
observed  if inhibi tory DNA is added 10 min af te r  t ransforming DNA~ It was the re fo re  decided to study the 
relat ionship between the degree  of inhibitory activity of DNA isolated f rom calf  thymus and t rea ted  with 
nitrous acid for  20, 40, and 60 rain, and the t ime of its addition to the t rans format ion  mixture .  On the 
addition of thymus DNA, t r ea ted  with ni trous acid 10, 20, and 30 rain before  and 10, 20, and 30 rain af ter  
the addition of t ransforming  DNA, to competent  cells of B. subtilis,  the number  of t rans formants  of all 
three  c lasses  was found to be independent of the t ime of addition of inhibitory DNA to the rec ip ient  cells 
(Table 1), 

It is c lear  f rom Table 1 that the addition of thymus DNA, t r ea ted  with ni t rous acid, to the t r a n s f o r -  
mation mixture  at different  t imes  was accompanied by prac t ica l ly  no inhibition of t ransformat ion .  

The resu l t s  of these exper iments  thus show that t r ea tmen t  of DNA, capable of inhibiting the t r a n s f o r -  
mation of B. subtil is ,  with nitrous acid modifies its activity as an inhibitor of this genetic recombinat ion 
sys t em.  A complex,  biphasic p roce s s  l ies  at  the basis  of this modification.  

Modification of the inhibitory activity of DNA depends on the duration of t rea tment ,  but not on the t ime 
of its addition to the t rans format ion  mix ture .  
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