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Elimination of F ' - l a c  + factor  f rom cells of Escher ichia  coli by means of acridine orange is dependent 
on concentrat ion of the dye and bacter ia  in the medium. In doses of the dye inhibiting growth of the cell 
population, removal  of the factor  does not take place. 

Strains of Escher ich ia  col_.~i ca r ry ing  F , f ac to r  incorporat ing a chromosome seg-ment (factor F')  have 
been isolated from cultures of E. coli Hfr [2,3,6,8]. Format ion  of factors  F '  takes place as a resul t  of 
genetic recombination between F - f ac to r  and bacterial  chromosome.  Trans fe r  of factor  F '  from donor to 
recipient  cells takes place at high frequency. By interacting with the homologous par t  of the chromosome,  
F ' - f a c t o r  may be incorporated  in it [4,9]. Subsequent recombination of F ' - f a c t o r  with chromosome are  
possible,  during which the incorporated segment  again remains  on the chromosome [5]. 

Under cer ta in  conditions acridine orange has been found to remove autonomous F - f ac to r  from cells 
[7,10]. Since integrated sex fac tor  is insensitive to the dye, t rea tment  of cells ca r ry ing  F ' - f a c t o r  with it 
can be used to isolate cell clones of Hfr type. 

The object of this investigation was to s tudythe degree ofel imination of fac tor  F ' - l a c  + by the action 
of acridine orange in various doses on different numbers of cells,  and also to det*-rmine the frequency of 
genetic exchange between chromosome and factor  F ' - l a c  + depending on the concentrat ion of this dye. In 
addition, we investigated the effect of acridine orange on incorporat ion of factor  F ' - l a c  + into the ch romo-  
some of the bacter ial  cell. 

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

A donor s t rep tomycin-sens i t ive  s t ra in  of E. coli 200PS lac- ,  ca r ry ing  factor  F ' - l a e  +, and a recipient 
s t r ep tomyc in - re s i s t an t  s t ra in  E_=coli PA678 F- ,  requir ing for its growth vitamin B 1 (B1-), threonine (T-), 
and leucine (L-) and not ferment ing lactose (Iac-), were used in the experiments .  RNA containing phase f2, 
specif ical ly lysing the donor cells was also used. 

Different numbers of cells of s t ra in  E. coli 200PS (107, 106, 105, 104, and 103 ce l l s /m l )  were added to 
test  tubes containing meat-peptone broth (pH 7.6), to which acridine orange was added in different concen-  
trations (25, 50, 100, 150, 200, and 300 # dml) .  After incubation at 37 ~ for 18 h, samples were taken from 
the cultures,  t reated with phage f2 by Adams ' s  method [1], diluted, and seeded on plates with meat-peptone 
agar  and minimal medium with lactose.  At the same time samples not t reated with phage were also seeded. 
After  seeding on minimal medium with lactose,  all the cells fermenting lactose were counted. The number 
of colonies on minimal medium with lactose af ter  t reatment  with specif ic  phage and the results  of c ross ing  
on agar  were used to determine the proport ion of cells loosing and retaining F- fac tor .  

The growing lac + colonies were c rossed  on minimal agar  with the addition of glucose, s t reptomycin,  
and vitamin B~, for which purpose 0.2 ml of recipient  culture was spread over a plate divided into eight 
sec to r s ,  and the test colony was then applied as a stroke to each sector .  The resul ts  of the seedings were 
read af ter  incubation for 48 h at 37 ~ 
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TABLE 1. P e r c e n t a g e  of Ce i l s  F e r -  
m e n t i n g  Lac tose  as  a F u n c t i o n  of N u m -  
b e r  of Ce i l s  p e r  ml  and  A c r i d i n e  
Orange  C o n c e n t r a t i o n  
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EXPERIMENTAL RESULTS 

The r e s u l t s  ob ta ined  a f t e r  t r e a t i n g  ce i l s  of s t r a i n  
200PS with a c r i d i n e  o range  a re  g iven  in Tab le  1, showing  
that  with a c r i d i n e  o range  c o n c e n t r a t i o n s  of 25, 50, 100, and 
150 # g / m l  the p e r c e n t a g e  of ce l l s  f e r m e n t i n g  l ac tose  was 
r e duc e d  with a d e c r e a s e  in the cel l  c o n c e n t r a t i o n  p e r  m i l l i -  
l i t e r .  C h a r a c t e r i s t i c a l l y ,  the deg ree  of e l i m i n a t i o n  of f a c -  
to r  F ' - i a c  + and its r a t e  a t  d i f f e ren t  ce l l  c o n c e n t r a t i o n s  in 
the m e d i u m  v a r i e d  with each  dose .  This  shows a c o r r e l a -  
t ion be tween  the degree  of e l i m i n a t i o n  of f ac to r  F ' - l a c  + and 
the c o n c e n t r a t i o n  of a c r i d i n e  o range  p e r  ce l l .  The degree  
of e l i m i n a t i o n  of f ac to r  F ' - l a c  + a l so  depends  on w'.:ether 
the dose of dye used  inh ib i t s  growth of the cel l  popula t ion  
o r  not. F o r  i n s t a n c e ,  with a c r i d i n e  o range  in a c o n c e n t r a -  
t ion of 300 pg/ml no i n c r e a s e  took p lace  in the n u m b e r  of 
ce l l s  c o m p a r e d  with the n u m b e r  seeded .  P r o b a b l y  these  

doses  of a c r i d i n e  o range  inh ib i t  r e p l i c a t i o n  not only of au tonomous  F ' - f a c t o r ,  but  a l so  of b a c t e r i a l  c h r o m o -  
some ,  and this  af fects  the deg ree  of e l i m i n a t i o n  of F ' - l a e  + f ac to r  (Table 1). With a cel l  c o n c e n t r a t i o n  (103 
c e i l s / m l )  op t imal  for e l i m i n a t i o n  of F ' - l a e  + fac to r ,  a g rea t  d i f f e rence  was o b s e r v e d  in the degree  o f - e l i m i -  
na t ion  of the e p i s o m e  when s m a l l e r  (25, 50 p g / m l )  and a v e r a g e  (100 and 1 5 0 / ~ g / m l )  c o n c e n t r a t i o n s  of dye 
were  used ,  as  shown by the s h a r p  d e c r e a s e  in p e r c e n t a g e  of both F + - l a e  + and  F - - l a c  + ce l l s .  With the 
lowes t  c o n c e n t r a t i o n s  of a c r i d i n e  o range  in the m e d i u m ,  g radua l  a c c u m u l a t i o n  of F - - l a e  + ce l l s  f o r m e d  as  
a r e s u l t  of gene t ic  i n t e r c h a n g e  be tween  f ac to r  F ' - l a e  + and c h r o m o s o m e  took p lace .  With high (toxic) c o n -  
c e n t r a t i e n s  of the dye,  r e p l i c a t i o n  of au tonomous  F ' - f a c t o r  was s h a r p l y  inh ib i t ed ,  and the p r o b a b i l i t y  of i ts  
gene t ic  i n t e r c h a n g e  with b a c t e r i a l  c h r o m o s o m e  was d i m i n i s h e d .  

The d e c r e a s e  in p e r c e n t a g e  of ce i l s  c a r r y i n g  F + - l a c  + when a c r i d i n e  o range  was used  in toxic c o n -  
c e n t r a t i o n  a l lows  these  ce l l s  to be divided into two c l a s s e s .  One c l a s s  i nc ludes  ce l t s  in which f ac to r  F ' -  
lac  + is i n t e g r a t e d  in  the c h r o m o s o m e ,  while the o ther  inc ludes  ce i l s  in which it is "a t tached"  to the c h r o -  
m o s o m e  and l ikewise  is  not s u b j e c t  to the ac t ion  of a c r i d i n e  o range .  P r o b a b l y  the doses  of dye d e s c r i b e d  
above d i s t u r b  the bond e x i s t i n g  be tween  f ac to r  F ' - l a c  + and b a c t e r i a l  c h r o m o s o m e ,  so that  the f ac to r  r e -  
v e r t s  to the au tonomous  s ta te  and is  e l i m i n a t e d .  The F ' - I a e  + ce l l s  thus r e m a i n i n g  a f t e r  t r e a t m e n t  with 
a c r i d i n e  o range  in c o n c e n t r a t i o n s  of 100 and  1 5 0 / ~ g / m l  be long  to the c l a s s  in which f ac to r  F ' - l a c  + is i n t e -  
g r a t ed  in the c h r o m o s o m e .  Such ce l l  c lones ,  when c r o s s e d  on a g a r ,  give f rom 10 to 20 t i m e s  m o r e  r e -  
e o m b i n a n t s  than the o r i g i n a l  s t r a i n .  
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