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As a r e s u l t  of c ro s s i ng  between Hfr  H, KL-96,  and KL-99 donor ce l l s  with AB 2463 r e c  A 
as the recipient ,  merodip lo ids  c a r r y i n g  fac tors  of d i f ferent  s t ruc tu re  (different length) and 
di f ferent  act iv i ty  were  isolated:  1) typical  F '  f ac to r s  with incorpora ted  p rox ima l  c h r o m o -  
somal  m a r k e r s ;  2) "long" F '  f ac to r s  of different  s t ruc tu re ,  defect ive for genes control l ing 
sens i t iv i ty  to phage f2; 3) "long" F '  f ac to r s  of d i f ferent  s t ruc tu re  defect ive for  genes  con-  
t ro l l ing  t r a n s f e r .  Chromosomal  m a r k e r s  can be incorpora ted  into the fac tor  r e g a r d l e s s  of 
the i r  posi t ion re la t ive  to  sex fac tor  in the original  Hfr cel ls .  Defects  of the sex fac tor  
p rope r  a r e  accompanied  by loss  of some of i ts  incorpora ted  c h r o m o s o m a l  genes,  whereas  
the typical  F" fac to r s  p r e s e r v e  the i r  s t ruc tu re  complete ly .  

KEY WORDS: Esche r i ch i a  colt; genetic recombinat ion;  sex fac tors ;  c h r o m o s o m a l  genes.  

Genetic recombina t ion  in Esche r i ch ia  colt is  control led by a number  of genes and comple te  r e c o m -  
bination defec t iveness  of the bac te r i a  a r i s e s  only in the case  of mutat ions  of the rec  A gene [1]. Since it  
has  been shown that  c r o s s e s  between Hfr  donor ce l l s  and rec  A-  rec ip ien t s  can be accompanied  by the f o r -  
mat ion of merodip lo ids  c a r ry i ng  sex fac tor  F '  [3, 4], th is  phenomenon was used to de te rmine  the s ize of 
the donor ' s  c h r o m o s o m a l  segments  incorpora ted  into the F '  f ac to r s  fo rmed  under  these conditions, the 
s tabi l i ty  of these  combined s t ruc tu re s ,  and the in tegr i ty  of the sex fac tor  i t se l f  contained in them. 

In this invest igat ion the t e s t  object  was  F'  f ac to r s  identified in c r o s s e s  between var ious  s t r a ins  of 
Hfr  donor ce l l s  and rec ip ien t  cel ls  c a r r y i n g  the r ec  A13 mutat ion.  
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Fig.  1. Ch romosome  map  of E_. 
coli with d i rec t ions  of  t r a n s f e r  
for  donor ce l l s  of d i f ferent  Hfr  
s t ra ins .  Genetic m a r k e r s  shown 
outside the c i rc le ,  names  of Hfr 
s t r a ins  inside.  

EXPERIMENTAL METHOD 

In the original crosses the donors were cells of thiamine-de- 
pendent, streptomycin-sensitive strains Hfr H, KL-96, KL-99, and 
KL-16, transferring chromosomes in the directions shown in Fig. i. 
The recipient was E. cell strain AB 2463 F- thr leu pro his arg lae 
str r rec AI3-. 

Crossing was carried out by the standard method by keeping 
the conjugation mixtures at 37~ for periods excluding the possibil- 
ity of transfer of the rec A gene. Merodiploids were selected for 
different markers. Their sensitivity to "male" phage f~ and "female" 
phage II was determined by the agar layer method. To determine 

* The nomenc la tu re  proposed  by D e m e r e c  et al.  [2] is adopted in this 
paper  and abbrevia t ions  of the symbols  for  the genetic m a r k e r s  a r e  
taken f rom Taylor  and T ro t t e r  [6]. 
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segregat ion of the donor ' s  m a r k e r s  in the merodiploids af ter  
cultivation for 18 h in liquid medium without growth factors  
controi led by the donor genes, they were seeded into nutrient 
broth (MPB) and cultivated in i t  for a hLrther 3 h at  37~ 
Seedings f rom the MPB were then obtained on solid nutrient  
media  containing growth fac tors  and the plates were  incubated 
at  37~ for a fur ther  48 h. One hundred colonies of each m e r o -  
diploid were selected and subcultured on solid media without 
growth factors  and with one of the growth factors .  The resul ts  
were read after  48 h. The t r ansmiss iveness  of the F '  fac tors  
formed and their  ability to c a r r y  out ch romosomal  t rans fe r  
were determined in c r o s s e s  between the merodiploids and 
J62F-  pro t ry  his gal Str r and P a - 3 7 3 F -  a rg  me t  thr leu his 
lac nal r Str r recipients .  

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

Cross  Hfr Hx  AB 2463. P ro  + Str r and His + St r r  m e r o -  
diploids were selected f rom these c ros se s .  

Of the 117 Pro  + Str r merodiploids isolated,  83 were at 
the same time Thr + Leu +. Having selected 50 such m e r o -  
diploids they were tested for the presence  of sex factor  by de-  
termining their sensitivity to phages f2 and @II. The tests  
showed that 38 merodiploids were  sensit ive to phage f~ and 
re s i s t an t  to phage @II, whereas  12 merodiploids were r e s i s -  
tant to phages of both types. To obtain information showing 
that the sex factor  and donor P ro  +, Thr  +, and Leu + m a r k e r s  
in the merodiploids were in an autonomous state, they were 
tested for their  ability to segregate  for these m a r k e r s .  The 
resul t s  showed that the frequency of segregat ion for all 
m a r k e r s  in all merodiploids was 2-26%. To determine the 
ability of the merodiploids to c a r r y  out genetic t ransfer ,  six 
merodiploids differing in their phage-sensi t iv i ty  (P27, P29, 
P30, P l0 ,  P20, P31) were investigated selectively.  They were 
c ro s sed  with recipient  cells  I62 and PA-373. The resul ts  of 
the c r o s s e s  are  given in Table 1. 

As Table 1 shows, the highest  f requency of t ransmiss ion  
of the episomal  and chromosomal  m a r k e r s  was observed in 
merodiploids sensit ive to phage f2 and re s i s t an t  to phage @II. 
So far  as merodiploids res i s t an t  to both phages a re  concerned, 
only F '  factor  was t r an s f e r r ed  f rom them to the recipient  
cells  and, moreove r ,  with a low frequency or not at all. Con- 
sequently, the F '  factors  in merodiploids sensit ive to phage f2 
and res i s tan t  to phage ~H are  typical F ' - P r o  + Leu + Thr + fac-  
tors ,  whereas  the F '  fac tors  in merodiploids res i s tan t  to both 
phages are  F '  fac tors  of the same s t ruc ture ,  but which have 
lost  during their formation the gene or  genes responsible for 
phage sensit ivity and the formation of F - f imbr ia .  As a result ,  
they have lower t r ansmiss iveness  and do not mobil ize the 
ch romosome  for t rans fe r .  

Of the 76 isolated His + Strr  merodiploids isolated, 53 
were simultaneously Thr + Leu + P ro  +. All were  res i s tan t  to 
phages f2 and @H, and the frequency of segregat ion of these 
m a r k e r s  was 1-4%. Determination of the abili ty of these 
merodiploids to c a r r y  out genetic t r ans fe r  showed that they 
had no such ability. Only the H1 merodiploid could t rans fe r  
sex factor ,  but not the chromosome,  and this only with low 
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f requency (Table 1). Consequently, the F '  f ac to r s  in these merodip lo ids  have the F ' - H i s  + P r o  + s t ruc tu re  
and a defect  in the gene (genes) de te rmin ing  phage sensi t iv i ty  (the format ion  of F - f i m b r i a ) .  Abil i ty to c a r r y  
out genetic t r a n s f e r  a lso  was p resen t .  

Cross  KL-96 x AB 2463. Merodiploids f r o m  these c r o s s e s  we re  se lec ted  for  the P r o  + S t r r  m a r k e r .  
Altogether  90 P r o  + Sir r coloi~ies were  selected,  of  which 39 were  s imul taneously  Leu + Thr  + Arg  +, 41 were  
Leu + Thr  +, and 10 were  His + Leu + Thr  +. All these merodip lo ids  were  sens i t ive  to phage f2 only and the 
f requency of segregat ion of thei r  donor m a r k e r s  was 2-30~0. Abili ty to c a r r y  ou t  genetic t r a n s f e r  was de-  
tec ted  in merodip l0 ids  1)72 and P120, ca r ry ing  F '  f ac to r s  of d i f ferent  s t ruc tu re  ( F ' - H i s  + P r o  + Leu + Thr  + 
and F ' - P r o  + L eu + Thr+Arg+ , r e spec t ive ly ) .  The r e su l t s  in Table  1 show that  they had cha rac t e r i s t i c a l l y  
low donor abili ty.  Clear ly- these  merodip lo ids  c a r r y  "long" F '  f ac to rs ,  but the sex fac tor  i t se l f  in these 
s t ruc tu re s  c a r r i e s  a defect  in  the gene (genes) respons ib le  for t r a n s f e r .  

Cross  KL-99 x AB 2463. Selection of p r e s u m e d  merodip lo ids  f rom these  c r o s s e s  was c a r r i e d  out 
for P r o  + S t r r  and His + S t r r  m a r k e r s .  Of 42 P r o  + colonies th ree  were  s imul taneous ly  His + Leu + Thr  +, six 
were  Leu + Thr  + Arg  +, 24 were  Leu + Thr  +, and nine were  P r o  + only. Nine F ' - P r o  + Leu + Thr  +, three  F ' -  
P r o  + Leu + Thr  + Arg + merodiploids ,  and one P r o  + merodip lo id  were  sens i t ive  to phage f2- The remain ing  
29 merodip lo ids  were  r e s i s t a n t  to both phages f~ and r  Segregat ion of donor m a r k e r s  was c a r r i e d  out 
only in merodip lo ids  sens i t ive  to phage f2, in which i ts  f requency was 1-6%. Donor abil i ty was detected in 
merodip lo ids  1)42 and 1)35 (Table 1). As the r e su l t s  of the t e s t s  showed, merodip lo ids  sens i t ive  to phage 
f2 c a r r y  out ep i somal  and ch romosoma l  t r a n s f e r ,  but a t  reduced f requency.  The f2 ~ I I r  merodip lo ids  c a r -  
r ied  out nei ther  ep i somal  nor  c h r o m o s o m a l  t r ans f e r .  

Of the 30 merodip lo ids  se lec ted  for  the His m a r k e r  27 inher i ted  this m a r k e r  alone and three  were  
s imul taneous ly  Arg  +. All these  merodip lo ids  were  sensi t ive  to phage f~ only, and segregat ion  of donor 
m a r k e r s  amounted to 1%. Genetic t r a n s f e r  c a r r i e d  out by merodip lo ids  of this type (H18) was e x t r e m e l y  
low (Table 1). Clear ly  in these  c r o s s e s  at  l ea s t  f ac to r s  F ' - 1 ) ro  + Leu + Thr  +, F ' -1 ) ro  + Leu + Thr  + Arg  +, 
F ' - P r o  + His + Leu + Thr  +, FT-His +, and F ' - H i s  + Arg  +, with defects  in the genes r e spons ib le  for  t r ans fe r ,  
were  identified. 

Cross  KL-16 x AB 2463. F r o m  these  c r o s s e s  select ion of p r e s u m e d  merodip lo ids  was c a r r i e d  out 
for  1)ro +, Leu +, and Thr  + m a r k e r s ,  but all  the 45 1)ro + colonies,  42 Leu + colonies,  and  39 Thr  + colonies 
were  sens i t ive  to phage ~II ,  did not give segregat ion  of the m a r k e r s ,  and did not p o s s e s s  donor abil i ty.  A s  
was to be expected,  all  we re  recombinan ts  of the c lass ica l  type and their  appearance  could be explained 
only by e a r l y  t r a n s f e r  of the r e c  A gene. 

To study the s tabi l i ty  of the F '  f ac to r s  identified in the Hfr H•  AB 2463 c r o s s ,  some of them were  
introduced into J 6 2 F -  cel ls ,  a f te r  which the l a t t e r  were  used as donors in c r o s s e s  with AB 1157 rec ip ien t  
cel ls .  The r e su l t s  of these  exper imen t s  showed that  fac tor  F ' -1 ) ro  + Leu + Thr  + p r e s e r v e s  i ts  s t ruc ture ,  
whereas  F '  f ac to r s  with analogous s t ruc tu re ,  but a r i s ing  f r o m  merodip lo ids  r e s i s t a n t  to "male  w and ~fe- 
m a l e "  phages,  los t  some of the m a r k e r s .  

I t  can be concluded f r o m  the r e su l t s  of these expe r imen t s  as a whole that d i f ferent  F '  f ac to r s  a r e  
fo rmed  in r ec  A-  cel ls  rece iv ing  genetic m a t e r i a l  f rom donors,  namely:  1) typical  F '  f ac to r s  with inco r -  
pora ted  p rox ima l  c h r o m o s o m a l  m a r k e r s ;  2) "long ~ F '  f ac to r s  of different  s t ruc tu re  defect ive for  genes 
controll ing sens i t iv i ty to  phage f2; 3) nlong" F '  f ac to r s  with different  s t ruc tu re  and with a defect  of the 
genes control l ing t r ans fe r ,  

Chromosomal  m a r k e r s  can be incorpora ted  into a factor  i r r e s p e c t i v e  of the i r  posit ion re la t ive  to 
sex fac tor  in the or iginal  Hfr  cei ls  [5]. Final ly ,  the r e su l t s  show that defects  in the genic s y s t e m  of the 
sex factor  p roper  a re  accompanied  by loss  of some of the ch romosoma l  genes incorpora ted  into it. 
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