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When studying the p lasmid complex found in cel ls  of se ro logica l ly  typed (serogroup 06) strainE.__scheri- 
chin coli AP1 [1-3], we identified in it a genetic t r a n s f e r  fac tor  pAP22-4 with a mo lecu la r  weight of 39.3 �9 10 ~ 
dal tons.  Meanwhile in b a c t e r i a  of s t r a ins  AP25 ( se rogroup  076) and AP26 ( se rogroup  0121) t r a n s f e r  f ac to r s  
pAP39 and pAP41 with mo lecu l a r  weights of 42.6 �9 10 G and 90- l0  G daltons,  r e spec t ive ly ,  were  identified. All 
these f ac to r s  a re  F - l ike  p lasmids .  

The re la t ionship  of the identified t r a n s f e r  fac tors  to F - g r o u p  incompat ibi l i ty  p lasmids  was studied in the 
p resen t  investigation. 

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

Genetic mark ing  of the t r a n s f e r  f ac to r s  was ca r r i ed  out in c r o s s e s  in which the donors  were  cel ls  of E. 
eoli  1553, ca r ry ing  mutant  t e m p e r a t u r e - s e n s i t i v e  p lasmid RP4 [4] with t r ansposon  Tnl ,  containing the gene of 
r e s i s t a n c e  to ampie i l l in  (Ap), se rved  as donors  and E. coli  AP105 cel ls  ca r ry ing  one of the t r a n s f e r  f ac to r s  
under investigation,  se rved  as rec ip ien ts .  The t r a n s f e r  f ac to r s  marked  by the Tn l  t r ansposon  ( res i s tance  to 
amplci l l in)  were  designated pAP22-4: :  Tn l ,  pAP39::  Tn l ,  and pAP41 :: Tnl .  In expe r imen t s  to de t e rmine  com-  
patibil i ty (incompatibil i ty) of the t r a n s f e r  f ac to r s  with F - l ike  p lasmids ,  p lasmids  R386, R l -19 ,  ColB-R3,  R124, 
F01ae , and Hly-P212,  r e f e r e n c e  p lasmids  of the incompatibi l i ty  group FI,  FII ,  FIII ,  FIV, FV, and FVI r e s p e c -  
t ively,  were  used. These  expe r imen t s  were  c a r r i ed  out by a method accord ing  to which a given t r a n s f e r  fac tor  
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TABLE 1. Co lon ia l  T e s t  of C o m p a t i b i l i t y  ( Incompa t ib i l i t y )  of T r a n s f e r  F a c t o r s  p A P 2 2 - 4 a n d  
pAP41 wi th  F - G r o u p  P l a s m i d s  in E .  c o l i  A P l l 5  

plasmid 

introduced 

pAP22-4: :Tnl 
pAP22-4: :Tnl 
Rl-19 (FII) 
Rl-19 (FII) 
pAP22-4: :Tnl 
ColB-R3 (Fill) 
ColB-R3 (FIII) 
pAP22-4: :Tnl 
R124 (FIV) 
R124 (FIV) 
pAP22-4: :Tnl 
Folae (FV) 
Folac (FV) 
pAP41::Tnl 
pAP4t ::Tnl 
R386 (FI) 
R386 (FI) 
pAP41::Tnl 
R124 (FIV) 
R124 (FIV) 

resident 

Selective 
marker 

Frequency of Index of 
transfer (per surface 
donor cell) exclusion 

RI-19 (FII) 

pAP22-4: :Tnl 

ColB-R3 (Fill) 
pAP22-4: :Tnl 

R124 (FIV) 
pAP22-4: :Tnl 

Folac (FV) 
pAP22-4: : Tnl 

R386 (FI) 

pAP41::Tnl 

RI24(FIV) 
pAP41 : :Tnl 

t 
Nurnber of coi0nies (in %) whose cells 
contain 

introduced resident both 
plasmid plasmid plasmids 

Ap 
Ap 

Km 
Km 
Ap 
Lm 
Lm 
Ap 
Tc 
Tc 
Ap 

Lac 
Lac 
Ap 
Ap 
Tc 
Tc 
Ap 
Tc 
Tc 

75 

100 

64 
50 

100 
77 

8O 
84 

59 

85 

75 
100 

3,3- I0 -1 
8,3.10-1 
3,9.10 -1 

3.10-I  
7,7.10-1 

3.10-3 
2,8.10-2 
2,2.10 -x 

6.10-3 
7.10 -a 

l ,  7.10 - ~  
3.10 -7 

2,3.10 -6 
3.10-~ 
5.10-s 
5.10-2 
8.10-3 
2.10-4 
I - i0 -a  
6.10-a 

2,5 100 
I00 

0,8 100 
100 

1,1 100 
0,9 100 

100 
3,8 100 
1,2 100 

100 
480 100 
7,7 100 

100 
1,7 100 

100 
1,6 100 

100 
25 lO0 
60 i 00 

i00 

75 

I00 

64 
50 

!00 
77 

80 
84 

59 

85 

75 
106 

was  in t roduced  by  con juga t ion  c r o s s e s  into c e l l s  of E. co l i  A P l l 5 ,  con ta in ing  as  r e s i d e n t  p l a s m i d  the r e f e r e n c e  
p l a s m i d  of one of the  i n c o m p a t i b i l i t y  F - g r o u p s  and,  c o n v e r s e l y ,  a g iven  r e f e r e n c e  p l a s m i d  was  i n t roduced  into 
c e l l s  con ta in ing  one of the  t r a n s f e r  f a c t o r s  a s  r e s i d e n t  p l a s m i d .  The con juga t ion  m i x t u r e s  of b a c t e r i a  w e r e  
s e e d e d  on s e l e c t i v e  m e d i a ,  by  m e a n s  of which  t r a n s e o n j u g a n t s  for  the i n t r o d u c e d  p l a s m i d  could  be s e l e c t e d .  
To d e t e r m i n e  the  p l a s m i d  con ten t  of the  con jugan t s  f r o m  each  c r o s s ,  100 t r a n s c o n j u g a n t  c o l o n i e s  w e r e  s e l e c t e d  
and s e e d e d  on two m e d i a  wi th  a d d i t i v e s ,  one of which  enab led  the i n t roduc e d  p l a s m i d ,  the o t h e r  the r e s i d e n t  
p l a s m i d ,  to be  d e t e c t e d  in the b a c t e r i a  (the co lon i a l  t e s t ) .  Depend ing  on the r e s u l t s ,  the next  s t e p  was  to c a r r y  
out  c l o n a l  t e s t s  and to s tudy t r a n s f e r  of p l a s m i d s  f r o m  the t r a n s c o n j u g a n t s  to the r e c i p i e n t  b a c t e r i a .  Da ta  on 
s u r f a c e  e x c l u s i o n  of p l a s m i d s  w e r e  ob ta ined  in c o n t r o l  c r o s s e s ,  in which  the  t r a n s f e r  f a c t o r s  and r e f e r e n c e  
p l a s m i d s  w e r e  i n t roduced  s e p a r a t e l y  into p l a s m i d - f r e e  A P l l 5  c e l l s .  

E X P E R I M E N T A L  RESULTS 

To in t roduce  m a r k e d  t r a n s f e r  f a c t o r s  into E.  co l i  A P l l 5  c e l l s  con ta in ing  r e f e r e n c e  p l a s m i d s  of F - g r o u p s  
a s  r e s i d e n t  p l a s m i d s ,  and v ice  v e r s a ,  36 d i r e c t  and r e c i p r o c a l  c r o s s e s  w e r e  c a r r i e d  out,  f r o m  which  3600 t r a n s -  
con jugan t  c o l o n i e s  w e r e  s e l e c t e d .  A s  the  c o l o n i a l  t e s t s  showed,  c o l o n i e s  i s o l a t e d  f r o m  d i f f e r e n t  c r o s s e s  w e r e  
d i s t r i b u t e d  a m o n g  t h r e e  t y p e s  depend ing  on the p l a s m i d s  con ta ined  in t h e i r  c e l l s .  

The f i r s t  type  c o n s i s t e d  of t r a n s c o n j u g a n t  c o l o n i e s ,  the  c e l l s  of which  con ta ined  the i n t r o d u c e d  p l a s m i d ,  
but  w e r e  p a r t l y  wi thout  the  r e s i d e n t  p l a s m i d .  T h e s e  w e r e  found to be c o l o n i e s  i s o l a t e d  f r o m  c r o s s e s  in which  
the r e l a t i o n s h i p  of t r a n s f e r  f a c t o r  p A P 2 2 - 4 : :  T n l  to r e f e r e n c e  p l a s m i d s  of g roups  F I I ,  F I I I ,  F IV,  and F V  and 
of t r a n s f e r  f a c t o r  pA P41 to r e f e r e n c e  p l a s m i d s  of g r o u p s  F I  and FIV w e r e  a n a l y z e d  (Table  1). 

It w i l l  be c l e a r  f r o m  Tab le  1 tha t  among  e a c h  100 c o l o n i e s  i s o l a t e d  f r o m  the above  c r o s s e s  t h e r e  w e r e  
s o m e  whose  c e l l s  had los t  the r e s i d e n t  p t a s m i d .  The only  e x c e p t i o n s  w e r e  c o l o n i e s  f r o m  c r o s s e s  in which  the 
r e l a t i o n s h i p  of t r a n s f e r  f a c t o r s  p A P 2 2 - 4 : :  T n l  and pAP41 :.  T n l  to r e f e r e n c e  p l a s m i d s  R l - 1 9  (FII) and R124 
(FIV) was  a n a l y z e d .  

B e i n g  i n t r o d u c e d  p l a s m i d s ,  the t r a n s f e r  f a c t o r s  e l i m i n a t e d  the  r e f e r e n c e  p l a s m i d s  f rom the c e l l s  when 
the l a t t e r  w e r e  r e s i d e n t .  H o w e v e r ,  in the  c o n v e r s e  c a s e ,  if they  w e r e  r e s i d e n t ,  they  w e r e  not e l i m i n a t e d  by 
i n t r o d u c e d  r e f e r e n c e  p l a s m i d s .  It w i l l  a l so  be c l e a r  f r o m  Tab le  1 that  s u r f a c e  e x c l u s i o n -  the i nd i ces  of wh ich  
w e r e  d e t e r m i n e d  a s  the  quot ien t  f r o m  d i v i s i o n  of the  f r e q u e n c y  of t r a n s f e r  of the p l a s m i d  into p l a s m i d - f r e e  
c e l l s  by  the  f r e q u e n c y  of t r a n s f e r  of the s a m e  p l a s m i d  into c e l l s  con ta in ing  a r e s i d e n t  p l a s m i d -  was  not a s s o -  
c i a t e d  wi th  s u b s e q u e n t  e l i m i n a t i o n  of the  p l a s m i d s .  

The r e s u l t s  i nd i ca t ed  n e i t h e r  c o m p a t i b i l i t y  nor  i n c o m p a t i b i l i t y  of  the t r a n s f e r  f a c t o r s  wi th  the r e f e r e n c e  
p l a s m i d s .  C lona l  t e s t s  w e r e  t h e r e f o r e  c a r r i e d  out.  F o r  th i s  p u r p o s e ,  t h r e e  c o l o n i e s  whose  c e l l s  con ta ined  both 
p l a s m i d s  w e r e  s a m p l e d  f r o m  each  100 c o l o n i e s  ob t a ined  in the o r i g i n a l  c r o s s e s ,  s e e d e d  on nu t r i en t  b r o t h ,  and 
a f t e r  f ive s u b c u l t u r e s  (each  a f t e r  18 h) the  c lona l  t r a n s c o n j u g a n t  c u l t u r e s  w e r e  s e e d e d  on n u t r i e n t  a g a r  to 
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TABLE 2. Clona l  T e s t s  of Compa t ib i l i t y  ( Incompat ib i l i ty )  of T r a n s f e r  F a c t o r s  p A P 2 2 - 4 : :  T n l  
and pAP41 :: T n l  with R e f e r e n c e  P l a s m i d s  of Groups  FI ,  FII ,  FIII ,  FIV, and FV 

Plasmid 

introduced 

pAP22-4: :Tnl 

RI-19 (FII) 

pAP22-4: :TnI 

CotB-R3 !FIII) 

pAP22-4: :Tnl 

R124 (FI\:) 

pAP22-4: :Tnl 

F01ac (FV) 

pAPal: :Tnl 

R386 (FI) 

pAP4I: :Tnl 

Zq124 (F1V) 

resident 

R~-19 (FII) 

pAP22:4 : :Tnl 

ColB-R3 (FIII) 

pAP22-4: :Tnl 

R!24 (F1V) 

pAP22-4: :Tnl 

FoIac (FV) 

pAP22-4: :Tn 1 

R386 (F]) 

pAP4l::Tnl 

R194 (FIV) 

pAP41::Tnl 

Selective 
marker 

Numb.er of rransconjugants (in %) whose cells 
Transconjugant contam 
clones introduced resident bo~h 

[ plasmid plasmid plasmids 

Ap 1 
2 
3 

Km l 
2 
3 

Ap 1 
2 
3 

Lm 1 
2 
3 

Ap 1 
2 
3 

Tc 1 
2 
3 

Ap I 
2 
3 

Lac 1 
2 
3 

Ap t 
2 
3 

Tc 1 
2 
3 

Ap 1 
2 
3 

Tc 1 
2 
3 

10o 
100 
100 
86 
86 
76 

10o 
t0o 
96 
8o 
82 
86 
56 
40 
52 
86 

10o 
100 
100 
100 
10o 
98 

i00 
lOO 
t0o 
100 
Ioo 
98 
64 
62 
96 
98 
76 
78 
68 
52 

56 
78 
64 

100 
98 
92 
7o 
68 
76 
98 

100 
100 
I00 
100 
100 
58 
78 
80 

100 
100 
I00 
98 

100 
100 
80 
76 
62 

i00 
100 
96 
88 
90 
88 
84 
94 
98 

56 
78 
54 
85 
84 
68 
70 
68 
72 
78 
82 
86 
56 
40 
52 
58 
78 
80 

100 
100 
100 
98 

i00 
100 
80 
76 
62 
98 
64 
62 
84 
88 
64 
62 
62 
59 

obta in  i so la ted  co lon ies .  F i f ty  co lon ies  f r o m  each c lona l  cu l tu re  we re  t es ted  for the p r e s e n c e  of in t roduced  
and r e s i d e n t  p l a s m i d s  and of both p l a s m i d s  in t h e i r  c e l l s .  The r e s u l t s  of these  t e s t s  a r e  given in Table  2. 

It w i l l  be c l e a r  f rom Tab le  2 that  d u r i n g  I o n g - t e r m  cu l tu re  the ce l l s  of t r a n s e o n j u g a n t  co lonies  of nea r ly  

a l l  c r o s s e s  los t  one of t h e i r  p l a s m i d s .  These  r e s u l t s  sugges ted  that  t r a n s f e r  fac to r  p A P 2 2 - 4 : :  T n l  is  pa r t i a l l y  
i n c o m p a t i b l e  with r e f e r e n c e  p l a s m i d s  of g roups  FII ,  FIII ,  and FIV, w h e r e a s  t r a n s f e r  f ac to r  pAP41 :: T n l  is p a r -  
t i a l ly  i ncompa t ib l e  with r e f e r e n c e  p l a s m i d s  f rom groups  F I  and FtV.  The only excep t ions  were  c lones  of t r a n s -  
con jugan t s  ob ta ined  in c r o s s e s  in which the i n t roduced  p l a smi d  was f ac to r  p A P 2 2 - 4 : :  T n l  and the r e s i d e n t  

p l a smid  was F01ac (FV), and vice v e r s a .  Al though in the co lon ia l  t es t  some  loss  of r e s i d e n c e  was obse rved ,  in  
the c lona l  t e s t  the ce l l s  p r e s e r v e d  both p l a smids ;  this  r e s u l t  p robab ly  r e f l e c t s  a phenomenon  of " c r o w d i n g o u t , "  
which is  s o m e t i m e s  found with compa t ib l e  p l a s m i d s  [51. 

To prove  the hypothes i s  of p a r t i a l  i n c o m p a t i b i l i t y  of the t r a n s f e r  f ac to r s  with ind iv idua l  r e f e r e n c e  p l a s -  
ra ids ,  add i t iona l  e x p e r i m e n t s  w e r e  c a r r i e d  out to s tudy how both p l a s m i d s ,  conta ined  in b i p l a s m i d  t r a n s c o n j u -  
gants  a re  t r a n s m i t t e d  to r e c i p i e n t  ce l l s  in s u b s e q u e n t  c r o s s e s  (whether  jo in t ly  o r  s e p a r a t e l y ) .  F o r  this  p u r -  
pose ,  one of each  t h r ee  t r a n s e o n j u g a n t  c lona l  c u l t u r e s  d e s c r i b e d  above was se l ec t ed  and c r o s s e d  with E. col i  
AP106.  The con juga t ion  m i x t u r e s  we re  seeded on two med ia ,  so that  s e p a r a t e  s e l e c t i o n  of daugh te r  t r a n s c o n -  
j ugan t s  could be c a r r i e d  out for  the m a r k e r  of each  p l a s m i d .  F r o m  each  se l ec t i ve  m e d i u m  10 daugh te r  t r a n s -  
con jugan t s  w e r e  then  se l ec t ed  and i n h e r i t a n c e  of the n o n s e l e c t i v e  m a r k e r  (the o ther  p lasmid)  by them was 
d e t e r m i n e d .  As  the r e s u l t s  of these  e x p e r i m e n t s  showed, for  daugh te r  con jugan t s  except  those  obta ined  f rom 
c r o s s e s  in which the r e l a t i o n s h i p  of t r a n s f e r  f ac to r  p A P 2 2 - 4 : :  T n l  to p l a smid  F01ae was ana lyzed ,  a high f r e -  
quency  of i n h e r i t a n c e  of the n o n s e l e c t i v e  m a r k e r  (the second  p lasmid)  was a c h a r a c t e r i s t i c  f ea tu r e .  These  
r e s u l t s  thus c o n f i r m e d  the hypo thes i s  d r a w n  f rom the r e s u l t s  of the co lon ia l  t e s t s .  

T r a n s c o n j u g a n t  co lon ies  whose ce l l s  con ta ined  only the in t roduced  p l a smid  be longed to the second type.  
They were  co lon ies  i so la ted  f rom c r o s s e s  in which the r o l e  of in t roduced  p l a s m i d s  was played by r e f e r e n c e  
p l a s m i d s  R386 (FI) and R124 (FIV) and the r e s i d e n t  p l a smi d  was t r a n s f e r  f ac to r  pAP39 :: T n l .  However ,  in 
ana logous  c r o s s e s  in which the in t roduced  p l a s m i d  was the t r a n s f e r  fac to r  and p l a s m i d s  R386 (FI) and R124 
(FIV) w e r e  r e s i d e n t s ,  the r e s u l t  was  r a t h e r  d i f f e ren t .  W h e r e a s  in the f i r s t  c a se  ce l l s  of 90% of co lon ie s  con-  
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rained res iden t  plasmid,  in the second case  res iden t  p lasmid was found in cel ls  of only 10% of colonies.  To 
de t e rmine  how strongly the two p lasmids  were  maintained in the cel ls  of these  colonies,  clonal t es t s  were  
ca r r i ed  out. They showed that the cel ls  of all  colonies a f t e r  cul ture complete ly  lost the introduced plasmid.  
It can the re fo re  be concluded that t r a n s f e r  fac tor  pAP39 :: Tnl  is comple te ly  incompatible  with p lasmids  of two 
incompatibi l i ty  groups (FI and FIV) s imultaneously.  

Cells of t ransconjugant  colonies of the third type contained introduced and res iden t  p lasmids .  These  
were  colonies isolated f rom c r o s s e s  in which the introduced plasmid was t r an s f e r  fac tor  pAP22-4:.. Tn l  and 
the res ident  p lasmids  were  R386 (FI) and Hly-P212 (FVI) and vice ve r s a ,  and also f rom c r o s s e s  in which the 
introduced p lasmids  were  t r a n s f e r  f ac to r s  pAP39:: Tnl  and pAP41 :: Tnl  and the res ident  p lasmids  were  R l - 1 9  
(FII), ColB-R3 (FIII), F01ac (FV), and Hly-P212 (FVI) and vice ve r s a .  Since the coexis tence of these p lasmids  
in the cel ls  indicated their  compat ibi l i ty ,  clonat t e s t s  were  ca r r i ed  out to ver i fy  the stabil i ty of this coexis tence .  
The c h a r a c t e r  of t r a n s f e r  of the coexis t ing p lasmids  in l a t e r  c r o s s e s  also was studied. 

As the exper iments  showed, cel ls  of all  elonal cu l tures ,  despite  a long period of cul ture ,  constantly p re -  
se rved  two p lasmids  (introduced and res ident) ,  and also t r ansmi t t ed  them sepa ra te ly  in subsequent  c r o s s e s .  
Consequently,  t r a n s f e r  fac tor  pAP22-4: :  Tnl  is compat ible  with p lasmids  of groups FI  and FVI, and t r a n s f e r  
f ac to r s  pAP39:: Tn l  and pAP41 :: Tn l  a r e  compat ible  with p lasmids  of groups FII ,  FIII ,  FV, and FVI. 

The r e su l t s  of these expe r imen t s  can be s u m m a r i z e d  in the s ta tement  that F - l ike  t r a n s f e r  fac tors  are  
cha rac t e r i zed  by different  re la t ionships  to F -g roup  incompatibi l i ty p lasmids .  T r a n s f e r  fac tor  pAP22-4 is 
compat ible  with p lasmids  of incompatibi l i ty groups FI,  FV, and FVI but is par t ia l ly  incompat ible  with p lasmids  
of groups FII ,  FIII ,  and FIV. T r a n s f e r  fac tor  pAP41 is compat ible  with p lasmids  of groups FII ,  FIII ,  FV, and 
FVI,  but is par t ia l ly  incompatible  with p lasmids  of groups FI  and FIV. This  a typical  incompat ibi l i ty  probably 
re f l ec t s  the commencing  evolution of these t r a n s f e r  fac to rs .  Converse ly ,  t r a n s f e r  fac tor  pAP39 is compat ible  
with p lasmids  of groups FII ,  Fil l ,  FV, and FVI but incompat ible  at  the s ame  t ime with p lasmids  of groups F I  
and FIV. This probably indicates that  it is a natural  recombinant  of two t r a n s f e r  f ac to r s  f rom the other  groups.  
This explanation is supported by the d i scovery  of a l abora to ry  recombinan t  for  incompatibi l i ty  between plus-  
raids of groups F I  and FI I  [6]. 
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