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After  convers ion  of sex fac to r  (F) f r o m  the integrated state into the autonomous, donor cel ls  of 
Escher ieh ia  coli HfrH become donor type F +. Sometimes this convers ion is accompanied by the format ion 
of a combined s t ruc ture ,  consis t ing of sex fac tor  linked with one or more  ch romosomal  genes. Variants of 
the autonomous sex fac tor  ca r ry ing  ch romosoma l  genes a re  called Fi f ac to r s ,  and cells possess ing  this 
fac tor  a re  called intermediate  donors [6, 8]. A charac te r i s t i c  feature  of intermediate  donors is that they 
t r ans fe r  both fac tor  F 1 and a ch romosome  segment  to F -  recipient  cells  at the same  time. 

Since sex fac tor  is const ructed  f r o m  DNA [4, 5, 7], it may be assumed that F 1 fac tor  c a r r i e s  genes 
control l ing severa l  functions (conjugation of ce l l s ,  t r ans fe r  of F 1 and the ch romosoma l  segment  to F - c e l l s ,  
antigenic specifici ty,  sensi t ivi ty  of donor cells  to "male" phage, etc.). The identification of these genes is 
associa ted  with detection of the corresponding mutations of the sex fac tor .  

In the experiments  descr ibed in this ar t ic le ,mutants  of F 1 fac tor  with modified ability to effect their  
own t r ans fe r  and the t r ans fe r  of the ch romosomal  segment  were  discovered.  

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

To detect  mutants of F 1 fac tor  a prototrophic s t rep tomycin-sens i t ive  (SS) intermediate  donor s t ra in  
of E. coli  200 P s / F l - l a e  + was used. This s t ra in ,  whose cel ls  c a r r y  the lac~ mutation (inability to f e rmen t  
lactose) on the ch romosome  and a wild type of fac tor  F l - lac  +, was obtained f r o m  Jacob (France).  The 
recipients were  two lac tose-negat ive  (lac-) s t r ep tomyc in - re s i s t an t  (S r) s t ra ins  of E_z. col___~i [1, 2]: C600 F- ,  
dependent on threonine (thr-), leucine (leu-), and thiamine (Bl-), and J62 F- ,  dependent on proline (pro-), 
tryptophan (try-), and histidine (his-). 

Eight-hour  broth cul tures  of E. coli 200 P s / F l - l a c  + were  seeded in a volume of 0.1 ml on mea t -  
peptone agar  in dishes which were  then i r rad ia ted  with ul traviolet  light fo r  1 rain at a distance of 40 cm 
f r o m  a type PRK-4 lamp. The subcultures were incubated at 37 ~ for  24 h, after  which the growing colonies 
(the number  of surviving cells was about 1%) were  t r ans fe r r ed  by means of the repl ica  technique to a s e l ec -  
tive medium, consist ing of minimal  agar  with lactose (1%), s t rep tomycin  (250 un i t s /ml ) ,  threonine (60 
p g / m l ) ,  leucine (60 pg /ml) ,  and thiamine (60 pg /ml ) ,  covered with a thick suspension of E. coli C600 F-  
ce l l s .  These subcultures were incubated for  48 h. The resul ts  were  a s ses sed  by growth of the colonies on 
the repl ica  plates compared  with that of the original  colonies.  Replication of colonies of E. coli 200 + 
P s / F 1 - l a c  grown f r o m  unirradiated cells on analogous media served  as the control .  

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

In accordance  with the technique used, it was assumed that growth of colonies t r ans f e r r ed  to se lect ive  
medium is dependent on the activity of the donor cells f rom which these colonies a r i se .  If the donor ab i l i ty  
of the cells remains  unchanged after  ul t raviolet  i r radiat ion,  these colonies must  give growth on the se l ec -  
tive medium as a resu l t  of c ross ing  with recipient  cel ls .  If donor ability is disturbed, growth of the 
t r ans f e r r ed  colonies would be impossible .  

Using the repl ica  technique, 30,000 colonies grown on meat-peptone agar  f r o m  i r radia ted  cells  were  
t r an s f e r r ed  to se lect ive  media.  As was to be expected, the overwhelming major i ty  of colonies gave growth 
on the select ive medium, and the repl ica  colonies were indistinguishable in s ize  and shape f r o m  those in 
control  seedings.  Never theless ,  of the total number of colonies investigated, 100failed to give growthwhen 
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TABLE 1. F r e q u e n c y  of A p p e a r a n c e  of lac+S r ,  thr+leu+S r ,  
and pro+S r R e c o m b i n a n t s  

C r o s s e s  

200 ~ -- 8 X 

200 ps -- t4 X 

200 ps -- 21 X 

C600 
J62 

C600 
J62 

T r a n s f e r  of 

F l . t a c  + 

0 

5XIO -3 

C600 0 
J62 

C600 0 200 ps --22 X J62 

C600 0 200 ps --29 X J62 

C600 2X 10 -6 200 ps _45  X J62 

C600 0 200 ps --65 X J62 

C600 1,5X 10 -4 200 ps --74 X J62 

C600 6,9X10 -2 200 ps FI- lac+ X J62 

T r a n s f e r  of  c h r o m o s o m a l  g e n e s  

thr -[" ]eu ~ pro ~ 

o 
o 

4X 10 -5 
6xlO -6 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

5X[O -5 
IxlO -6 

1 ,1xIO - s  
1,8xlO -a  

t r a n s f e r r e d  to the  s e l e c t i v e  m e d i u m .  This  sugge s t e d  that  these  co lon ies  o r i g ina t ed  f r o m  c e l l s  c a r r y i n g  a 
s e x  f ac to r  wi th  modi f ied  func t ions .  

To d e t e r m i n e  the phenotype,  each  of the 100 co lon ies  was  t aken  f r o m  the o r i g i n a l  d i shes  and s u s -  
pended in  1 m l  m e a t - p e p t o n e  b ro th ;  t h r ee  med i a  w e r e  seeded  at  the s a m e  t ime  with the s u s p e n s i o n :  m i n i -  
m a l  a g a r  with l ac tose ,  m i n i m a l  a g a r  with l ac tose  and s t r e p t o m y c i n ,  and Endo ' s  m e d i u m .  The r e s u l t s  of 
t hese  s u b c u l t u r e s  showed that  a l l  the co lon ies  w e r e  pheno typ ica l ly  i n d i s t i n g u i s h a b l e  f r o m  co lon ies  growing 
a f t e r  s eed ing  b a c t e r i a  of the o r i g i n a l  s t r a i n .  S ince  co lon ies  of l a c -  s e g r e g a n t s  a l so  developed on Endo ' s  
m e d i u m  along with the lac + co lon i e s ,  fo r  s u b s e q u e n t  e x p e r i m e n t s  to c o n f i r m  the r e s u l t s  ob ta ined  only  lac + 
co lon ie s  w e r e  chosen .  

In the nex t  s e r i e s  of e x p e r i m e n t s  the donor  a b i l i t y  of the 100 r e i s o l a t e d  l a c t o s e - p o s i t i v e  c lone  c u l -  
t u r e s  was  t e s t ed  by c r o s s i n g  each of t h e m  with c u l t u r e s  of r e c i p i e n t  s t r a i n s  in a l iquid  m e d i u m .  The  t r a n s -  
f e r a b i l i t y  of f a c t o r  F t - l a c  + and a l so  of c h r o m o s o m a l  genes  th r  +, leu +, and p ro  + was d e t e r m i n e d .  E igh t -  
hour  c lone  c u l t u r e s  of lac + ce l l s  w e r e  mixed  with 8 -hou r  c u l t u r e s  of E.  col i  C600 F -  and J62 F -  in  the 
r a t i o  1:10. Af t e r  i ncuba t i on  for  2 h, the m i x t u r e  of 200Ps x C600 was  d i lu ted  and seeded  on m e d i a  p e r -  
m i t t i n g  s e l e c t i o n  of lac+S r and thr+leu+S r r e c o m b i n a n t s  and the 200Ps x J62 m i x t u r e  was s eeded  on med ia  
s e l e c t i n g  pro+Sr  r e c o m b i n a n t s .  

The  r e s u l t s  of c r o s s i n g  the c lone  c u l t u r e s  with c u l t u r e s  of r e c i p i e n t  c e l l s  in  m e a t - p e p t o n e  b ro th  
d i f fe red  e s s e n t i a l l y  f r o m  the r e s u l t s  of the ana logous  c r o s s e s  p e r f o r m e d  p r e v i o u s l y  on a g a r .  Of the 100 
c u l t u r e s ,  the c e l l s  of 92 c u l t u r e s  c r o s s e d  with c e l l s  of the r e c i p i e n t  s t r a i n s .  The f r e q u e n c y  of t r a n s f e r  of 
the sex  f ac to r  and of c h r o m o s o m a l  genes  in  these  c r o s s e s  was the s a m e  when c o m p a r e d  with the f r e q u e n c y  
of t r a n s f e r  in c o n t r o l  c r o s s e s .  Consequen t ly ,  f u r t h e r  cu l t i va t i on  f ac i l i t a t ed  r e s t o r a t i o n  of the donor  ab i l i ty  
of the ce l l s  of m a n y  of the c lone  c u l t u r e s  i so l a t ed  i m m e d i a t e l y  a f t e r  u l t r a v i o l e t  i r r a d i a t i o n  of the o r i g i n a l  
s p e c i m e n s .  So f a r  as  the o the r  e ight  c lone  c u l t u r e s  i so la ted  f r o m  i r r a d i a t e d  ce l l s  a r e  c o n c e r n e d ,  the r e -  
su l t s  ob ta ined  by c r o s s i n g  t hem with c u l t u r e s  of r e c i p i e n t  s t r a i n s  d e m o n s t r a t e  a p e r m a n e n t  change  in  
ac t i v i t y  of the sex  f a c t o r  (see T a b l e  1). 

The  r e s u l t s  g iven in  Tab l e  1 show that  ce l l s  of c lone  c u l t u r e s  200 P s - 1 4 ,  200 P s - 4 5 ,  and 200 P s -  
74 a r e  m u c h  l e s s  ab le  to t r a n s f e r  f ac to r  F l - l a c  + and c h r o m o s o m a l  genes  than ce l l s  of the o r i g i n a l  s t r a i n .  
The  o r d e r  of t r a n s f e r  of c h r o m o s o m a l  genes  is  p r e s e r v e d .  Meanwhi le  ce l l s  of the o ther  f ive  c l o n a l  c u l -  
t u r e s  los t  t h e i r  ab i l i ty  to t r a n s f e r  genes .  Since these  ce l l s  w e r e  lac +, t h e ' p o s s i b l e  a s s u m p t i o n  that  they 

1256 



had lost  sex fac tor  is ruled out. The loss of donor ability by the cells in this par t icu lar  case  is associa ted  

with mutation of the sex fac tor .  

In the final se r ies  of experiments  cells  of cloaal cul tures  with modified donor ability were  tested for  
sensi t ivi ty  to phage f2, causing lysis specif ical ly  of Hfr, F +, or  F 1 cells only. All the cul tures  isolated 
were  found to be sensi t ive to this phage. 

This investigation thus showed that clonal cul tures  of E. coli K-12 cells  c a r ry ing  mutant fac tor  F l-  
lac + can be isolated.  

Mutations of fac tor  F 1 have been descr ibed previously by Cuzin [3], who isolated elonal cul tures  of 
E. coli Rl- lac  +, whose cel ls  t r an s f e r r ed  fac tor  F t and individual ch romosomal  genes with ve ry  low f r e -  
quency when c r o s s e d  with •- ce l l s .  Since the isolated cul tures  were  res i s tan t  to "male"  phage, their  
nature was explained by mutations of fac tor  F ! manifested phenotypically as a change in the sur face  s t r u c -  
tures  of the donor cel ls ,  preventing their  conjugation with F-  cel ls .  In the present  case  the defective c h a r -  
ac te r  of the mutants d iscovered  may be attr ibuted to injuries of a different o rder ,  fo r  the cells of the 
isolated clonal cul tures  remained  sensi t ive to "male" phage. This means that conjugation and the es tabl ish-  
meat  of effective contacts between donor cells  c a r ry ing  mutant sex factor  and F-  cells  are  undisturbed. 
Consequently,  the isolated clones of cells  possess  the fac tor  F l - lac  +, which c a r r i e s  mutations damaging 
t r ans fe r  of the fac tor  F1-1ac + itself and its ability to mobilize the chromosomal  segment  for  t rans fe r ,  r a ther  
than conjugation of the c ro s sed  cel ls .  In other words,  the resul ts  of these experiments  mean that sex 
fac tor  genes a re  functionally heterogeneous,  and their  functions exhibit special izat ion.  
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