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By conjugating ce l l s  c a r r y i n g  the F 'h i s  p l a smid  with ce l l s  containing the F ' l ac  p lasmid  m e r o d i -  
ploids with the F ' H i s F ' l a c  complex  were  obtained. The p lasmid  genes  of these  merod ip lo ids  
a r e  donated together  to rec ip ien t  ce l l s  and e l iminated together  f rom host  cel ls  both spontan-  
eously  and a f t e r  t r e a t m e n t  with ac r id ine  orange .  Since the p lasmid  complex  was fo rmed in 
ce l l s  mutant  for  the rec  A gene,  it is suggested that recombina t ion  of p l a smids  can take place 
in the absence  of the product  of the rec  A gene. 
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Recombinat ion between nueleotide sequences  of DNA of d i f ferent  F '  p lasmids  has  been shown in s ev e ra l  
c a se s  [1, 4, 7]. At the s a m e  t ime  the re  is evidence that these  p l a smids  do not p o s s e s s  the i r  own r e c o m b i n a -  
tion s y s t e m  and that the i r  recombina t ion  in Escher ich ia  coli depends on the produc t  of  the c h r o m o s o m a l  rec  A 
gene,  for it is comple te ly  absent  in ce l l s  mutant  for  this gene [5, 6]. According to o ther  data ,  recombina t ion  
of R p l a smids  a lso  depends on the product  of the rec  A gene [3]. 

The fo rmat ion  of p l a smid  F '  r ecombinan t s  in E~ coli  ce l l s  mutant  for  the rec  A gene was studied in this 
invest igat ion.  

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

P lasmids  F ' l ac  and F 'h is  used for  hybr id iza t ion  were  contained in cel ls  of  s t r a in s  E. coli  JC 5485 F ' l a c + /  
rec  A lac his t rp  Sir s and JC 5441 F ' h i s + / r e c  A lac his t rp  Str r r e spec t ive ly .  To de t e rmine  the conjugative 
p r o p e r t i e s  of  the hybr id  F ' lac  F 'h i s  p lasmid,  the following s t r a ins  of Eo coli were  used:  AB 2463 F -  thr  leu 
p ro  A his a r g  E rec  A, C 600 F -  thr  leu thi ,  J 62 F -  pro t ry  h is ,  P 678 F -  thr  leu thi ,  PA 256 F -  pro his a r g  
F pur  A n a l  r ,  and PA 373 F -  m e t  A a rg  F thr  leu his malro  

Hybridizat ion of the p l a smids  was c a r r i e d  out by conjugating ce l l s  of 3-tl cu l tu res  of  s t r a in  JC 5485 F ' lac  
used as  donors  with phenocopies  of F -  cel ls  of s t r a in  JC 544IF 'h i s  + , grown in liquid min ima l  medit tm with 
ae ra t ion  for  24 h at 37~ Conjugation m i x t u r e s  of donor cel ls  and rec ip ien t  ce l l s  (F-  phenocopies)  were  p r e -  
pa red  in the ra t io  of 1 : 5 .  The m i x t u r e s  we re  incubated for 30 rain a t  37~ and then plated out on se lec ted  m e -  
dia ,  for  se lec t ion  of Iris + Lac + Sir r t ransconjugants .  The sens i t iv i ty  of  cel ls  containing the p l a smids  to phages  
f2,  MS 2, and 11 was tes ted  by the method of aga r  l a y e r s .  To de te rmine  the f requency of spontaneous s e g r e g a -  
tion of ce l l s  which had los t  the hybr id  F 'h i s  F ' l ac  p lasmid ,  ce l l s  c a r r y i n g  this p lasmid  were  grown in liquid 
min ima l  med ium for  18 h at 37~ then r e seeded  into nutr ient  broth ,  grown for  2.5 h at  37~ (for 5-7 g e n e r a -  
t ions) ,  a f t e r  which spec imens  of dilutions were  seeded on nut r ient  aga r  or  Endo's agar .  After  incubation of  the 
seedings  for 24-48 h ce l l s  of the growing colonies were  analyzed for  the p r e s e n c e  or absence  of His + Lac + 
m a r k e r s  by seeding on min ima l  med ia  of app rop r i a t e  composi t ion.  The hybr id  p l a smid  was e l iminated f rom 
the ce l l s  by ac r id ine  orange  in doses  of 50-150 p g / m l .  The R e c -  genotype of the ce l l s  was de te rmined  f rom 
their  sens i t iv i ty  to u l t rav io le t  light. 

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

As the r e su l t s  of conjugation of JC 5485 F ' lac  + cel ls  with JC 5441 F 'h is  + cel ls  colonies of  His + Lac + 
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T A B L E  1. F r e q u e n c i e s  of  T r a n s f e r  o f  His  + and Lac + M a r k e r s  by  His  + and I_ac + 
M e r o d i p l o i d s  in Con juga t ions  wi th  R e c i p i e n t  C e l l s  of  D i f f e r e n t  S t r a i n s  o f  E...~. co l t  

Conjugations FrequencYHts + Lac + of transconjugantsr~is + (per donor ceil) andLac § structure 
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T A B L E  2. 
M e r o d i p l o i d s  

F r e q u e n c y  o f  C h r o m o s o m e  and P l a s m i d  T r a n s f e r  by  PA 256 His  + L a c  + 

Conjugations i Frequency of recombinants and meridiploids (per donor cell) 
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S t r  r t r a n s c o n j u g a n t s  w e r e  g r o w n  on s e l e c t i v e  m e d i a  wi th  a f r e q u e n c y  o f  6.5 x 10-4-1 .5  x 10 -5 p e r  donor  c e l l .  
A f t e r  p u r i f i c a t i o n  of  the  t r a n s c o n j u g a n t s  b y  s e e d i n g  on a n a l o g o u s  m e d i u m ,  t hey  w e r e  t e s t e d  fo r  the  p r e s e n c e  
of  p l a s m i d  and c h r o m o s o m e  m a r k e r s  and  a l s o  for  s e n s i t i v i t y  to  p h a g e s  f 2, MS 2, and  11. The  t e s t e d H i s  + Lae  + 
S i r  r t r a n s c o n j u g a n t s  had the  g e n o t y p e  o f  c e l l s  o f  the  o r i g i n a l  JC 5441 c u l t u r e s ,  t hey  had  m a r k e r s  o f  both  p l a s -  
r a i d s ,  and  t h e y  w e r e  s e n s i t i v e  to p h a g e s  f 2 and MS 2 but  r e s i s t a n t  to p h a g e  11.  The  p r e l i m i n a r y  c o n c l u s i o n  
was  d r a w n  f r o m  t h e s e  da ta  tha t  the  i s o l a t e d  t r a n s c o n j u g a n t s  a r e  His  + Lac + m e r o d i p l o i d s  con ta in ing  both the  

p l a s m i d s  - F ' h i s  and F ' l a c .  

To ob t a in  da t a  on the  n a t u r e  of  coup l ing  of  t he  F ' h i s  and F ' l a c  p l a s m i d s  in the  c e l l s  of  the  s e g r e g a t e d  
His  + lmc  + S t r  r m e r o d i p l o i d s ,  the  l a t t e r  w e r e  t e s t e d  20 a t  a t i m e  fo r  t h e i r  a b i l i t y  to dona t e  H i s  + Lac  + m a r k e r s  
s i m u l t a n e o u s l y  in s u b s e q u e n t  c o n j u g a t i o n s  wi th  r e c i p i e n t  c e l l s  AB 2463 F - ,  PA 256 F - ,  and PA 373 F - .  T h e s e  
e x p e r i m e n t s  showed  tha t  f ive of  the  t r a n s c o n j u g a n t s  (Noso 2,  3, ! 2 ,  17, and  27) had  the  a b i l i t y  to t r a n s f e r  His  + 
and Lac + m a r k e r s  s i m u l t a n e o u s l y  to  r e c i p i e n t  c e l l s  o f  d i f f e r e n t  s t r a i n s .  The  da t a  on the  f r e q u e n c i e s  of  t r a n s -  
fe r  and  the  c h a r a c t e r  of  t r a n s f e r  in t h e s e  con ju ga t i ons  a r e  g iven  in Tab le  1. As  th i s  t a b l e  s h o w s ,  the  c e l l s  of  
a l l  m e r o d i p l o i d s  c a r r i e d  out  s i m u l t a n e o u s  t r a n s f e r  o f  His  + and Lac  + m a r k e r s  wi th  f a i r l y  h igh  f r e q u e n c y .  S i -  
m u l t a n e o u s  t r a n s f e r  of  t he  two m a r k e r s  in t h e s e  c o n j u g a t i o n s  a l s o  was  e s t a b l i s h e d  by  s e p a r a t e  s e l e c t i o n  of  the  
m e r o d i p l o i d s  r e l a t i v e  to one of  the  p l a s m i d  m a r k e r s  (His + o r  L a e + ) .  The  f r e q u e n c y  o f  a p p e a r a n c e  of  t h e s e  
m e r o d i p l o i d s  was  j u s t  a s  h igh  a s  tha t  of  m e r o d i p l o i d s  s e l e c t e d  fo r  both  p l a s m t d  genes~  A n a l y s i s  of  t h e i r  s t r u c -  
t u r e  showed  tha t  the  His  + m e r o d i p l o i d s  in 100% of  c a s e s  w e r e  s i m u l t a n e o u s l y  Lac  + m e r o d i p l o i d s ,  and  tha t  the  
Lae  + m e r o d i p l o i d s ,  in t u r n ,  w e r e  His  + m e r o d i p l o i d s  in 98-100% of  c a s e s .  F u r t h e r m o r e ,  i n v e s t i g a t i o n  o f  the  
p h a g e  s e n s i t i v i t y  o f  m e r e d i p l o i d s  of  e ach  of  t h e s e  c l a s s e s  showed  tha t  t hey  a r e  a l l  s e n s i t i v e  to p h a g e s  f 2 and 
MS 2 and  r e s i s t a n t  to  11. Consequen t ly ,  t h e s e  r e s u l t s  w e r e  e v i d e n c e  tha t  m e r o d i p l o i d  c e l l s  Nos .  2, 3, 12, 17, 
and 27 con t a in  both  F ' h i s  and F ' l a c  p l a s m i d s ,  and in a l i n k e d  f o r m .  H o w e v e r ,  i t  cou ld  not  be  d e c i d e d  f r o m  t h e s e  
f ind ings  w h e t h e r  the  l i n k e d  p l a s m i d  is  in an a u t o n o m o u s  s t a t e  in c e l l s  c o n v e n t i o n a l l y  de f ined  a s  m e r o d i p l o i d s ~  
P r e l i m i n a r y  da t a  on the  s t a t e  of  t h i s  p l a s m i d  could  be ob t a ined  by  c o m p a r i n g  the f r e q u e n c y  o f  p l a s m i d  and c h r o -  
m o s o m a l  t r a n s f e r .  S ince  m e r o d i p l o i d s  Nos .  2, 3, 12, 17, and  27,  p o s s e s s i n g  the  l i n k e d  p l a s m i d  c o m p l e x  F ' h t s  
F ' l a c  a r e  m u t a n t s  for  the  r e c  A g e n e ,  which  r u l e s  out  any  p o s s i b i l i t y  of  e x p l a i n i n g  the  a b i l i t y  o f  the  p l a s m i d s  
to m o b i l i z e  c h r o m o s o m e s  fo r  t r a n s f e r ,  in the  n e x t  e x p e r i m e n t s  the  F ' h i s F ' l a c  p l a s m i d  c o m p l e x  of  each  m e r o -  
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diploid was t r a n s f e r r e d  by conjugation c r o s s e s  to ce l l s  of  s t r a in  PA 256 F- ,  c h a r a c t e r i z e d  by no rma l  r e c o m -  
bining abil i ty.  The PA 256 donors  containing the F ' h i s F ' l a e  p l a smid  complex  thus obtained were  then tes ted  
for p l a smid  and c h r o m o s o m e  t r a n s f e r  in c r o s s e s  with PA 373 F - ,  J 62 F - ,  C 600 F - ,  and P 678 F" ce l l s ,  with 
se lec t ion  of the His + Lac + t ransconjugants  and the Thr  + , Leu + , Met + , and Trp  + r ecombinan t s .  The r e su l t s  
of these  expe r imen t s  a r e  given in Table  2. 

As Table 2 shows,  the f requency  of p l a smid  t r a n s f e r  in these  c r o s s e s  was cons iderab ly  higher  than the 
f requency of  c h r o m o s o m e  t r a n s f e r .  Moreove r ,  some  of the t ransconjugants  and recombinan t s  of all  c l a s s e s  
were  spot  checked for the i r  behav ior  toward phages f2  andMS2.  All we re  found to be sens i t ive  to these  phages ,  
a c l ea r  indication of the autonomous ex is tence  of the His + Lac + p la smid  complex.  

In the final expe r imen t s  to p rove  the autonomous and linked s ta te  of  the F ' h i s F ' l a c  p l a smid  complex ,  
spontaneous segrega t ion  by merod ip lo ids  Nos. 2, 3, 12, 17, and 27 of  cel ls  deficient  in this  complex  and the 
frequer~cy of  this segraga t ion  a f t e r  t r e a t m e n t  of  His + Lac + t ransconjugants  with acr id ine  orange  were  d e t e r -  
mined.  

Merodiploids Nos. 2, 3, 12, 17, and 27 spontaneously  seg rega ted  both H i s -  and L a c -  ce l l s .  The f requency  
of spontaneous segrega t ion  of I_ac- ce l l s  by His + Lac + cu l tu res  was 0.3-1.1%; ana lys i s  of the genetic s t r u c -  
tu re  of  these  seg regan t s  showed that  los s  of the Lac + m a r k e r  also was accompanied  by loss  of the His + m a r k e r ,  
loss  of  donor abi l i ty ,  and of sens i t iv i ty  to phage f 2. The Lac + H i s -  seg regan t s  b e c a m e  sens i t ive  to rec ip ien t  
phage 11, and in c r o s s e s  with HfrII  and JC 5441 F ' h i s + / S t r  s donor ce l l s  they behaved as rec ip ien t  ce l l s .  In-  
t roduct ion of the p lasmid  complex  f rom PA 256 cel ls  into spontaneous I_,ac- H i s -  seg regan t s  comple te ly  restorec~ 
the i r  His + I_ac + phenotype,  the i r  sens i t iv i ty  to phage f 2, aud the i r  abi l i ty  to t r a n s f e r  the p lasmid  complex  to 
rec ip ien t  ce l l s  in subsequent  conjugat ions.  

T r e a ~ n e n t  of  the His + Lac + merod ip lo ids  with acr id ine  orange  led to an i nc r ea se  in the f requency of 
segrega t ion  of L a c -  ce l l s  to 25-77%. Test ing of 100 clonal cu l tures  a r i s ing  f rom cel ls  r emain ing  a f t e r  ac r id ine  
o range  t r e a t m e n t  of  Lac + showed that  they all  p r e s e r v e d  the His + Lac + phenotypes ,  were  sens i t ive  to phage 
f2 ,  and donated both m a r k e r s  with high f requency in c r o s s e s  with rec ip ien ts .  The clonal cu l tures  a r i s ing  f rom 
cel l s  r emain ing  a f t e r  acr id ine  o range  t r e a t m e n t  of L a c -  were  he terogeneous  in the i r  genetic  s t ruc tu re ;  Two 
th i rds  of  the L a c -  c lones were  s imul taneous ly  H i s - ,  r e s i s t a n t  to phage f 2, audhad no donor abiliW; they were  
F -  ce l l s ,  for  in c r o s s e s  with donor ce l l s  they fo rmed  genetic  r ecombinan t s ,  although with low frequency.  In 
the i r  p r o p e r t i e s  they were  s i m i l a r  to spontaneous H i s -  L a c -  s eg regan t s .  The r e m a i n d e r  (one third) of  these  
L a c -  clones re ta ined  the i r  His + phenotype and sens i t iv i ty  to phage f 2, and in c r o s s e s  with Hfr  or  F -  ce l l s  they 
exhibited ne i ther  rec ip ien t  nor  donor abil i ty.  Poss ib ly  in the segregan t  cel ls  of this c l a s s  only the Lac + m a r k e r  
was los t  with the t r a  p l a smid  segmen t s .  

It can be concluded f rom a genera l iza t ion  of the r e su l t s  of these  expe r imen t s  that the cons t ruc ted  F 'h is  
F ' l ac  p lasmid  complex  is a s table  recombinan t  s t ruc tu re .  Since the format ion  of this complex  takes  place in 
rec  A ce l l s  in which the product  of the rec  A gene is absen t ,  it can tenta t ively  be suggested that F '  p l a smids  
p o s s e s s  the i r  own recombina t ion  s y s t e m  or  IS nucleotide sequence,  which is r e spons ib le  for the " i l leg i t imate"  
recombina t ion  of  these  p l a smids  [2]. 
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