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Sex fac to r  (F factor) in donor ce l l s  of E s c h e r i c h i a  col i  K-12 cons i s t s  of a double he l ix  of DNA with 
a length of 200-400 A, o r  about 2% of the to ta l  length of the b a c t e r i a l  c h r o m o s o m e  [2, 3, 6, 7]. It is  p o s -  
tula ted that  th is  s t r uc tu r e  mus t  c a r r y  about 100 d i f ferent  genes [4], which can be ident i f ied  by i so la t ion  of 
the co r r e spond ing  mutants .  Af te r  Hi ro ta  and I i j i m a  [5] had d e s c r i b e d  mutat ion of F f ac to r  p r e s e n t  in F + 
ce l l s ,  Cuzin [1] i so la ted  c lones  of ce l l s  c a r r y i n g  a mutant  sex f ac to r  F 1 (F-genota ) .  Since the i s o l a t e d  
ce l l s  were  c h a r a c t e r i z e d  by lowered  ab i l i ty  to t r a n s m i t  F -geno ta  and c h r om os om e  genes,  th is  type of mu-  
tant  F 1 was ca l l ed  defect ive .  

The object  of the p r e s e n t  inves t iga t ion  was to seek  defect ive  mutants  of F f ac to r  in ce l l s  of c u l t u r e s  
of E. col i  Hfr H, where  i t  is  in tegra ted  in the ch romosome .  

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

The donor s t r a i n  used  in the inves t iga t ion  was E. col i  Hfr HB1-SS, the ce l l s  of which t r a n s m i t  genes  
dur ing conjugation in the o r d e r  O - T - L - T r y - P r o - H i s  . . . F.  The r ec ip i en t  s t r a i n s  were  E. co l i  P 6 7 8 F - T  
- L - B 1 - L a c - S  r and E. col i  J62 F - P r o - T r y - H i s - L a c - s r .  * 

Eight hour b ro th  cu l tu res  of the donor s t r a i n  were  i r r a d i a t e d  on a type RUM-7 x - r a y  appa ra tus  in a 
dose  giving 10 .6 of su rv iv ing  ce l l s .  Samples  were  taken a f te r  i r r a d i a t i o n  and seeded  on mea t -pep tone  a g a r  
in d i shes  to obtain i so l a t ed  colonies .  Af te r  24 h, to d e t e r m i n e  the i r  phenotype, the co lonies  were  t r a n s -  
f e r r e d  by  means  of a r e p l i c a  technique to min imal  media ,  to mea t -pep tone  aga r  (MPA) with s t r e p t omyc in ,  
and to MPA covered  with a suspens ion  of phage F2, to which the donor ce l l s  a r e  sens i t ive ,  and to s e l e c t  
T+L+S+, Try+S r ,  Pro+S r ,  and His+S r r ecombinan t s ,  they were  t r a n s f e r r e d  to se l ec t ive  media  (min imal  

aga r ,  g lucose,  s t r ep tomyc in ,  th iamine ,  o r  e s s e n t i a l  
TABLE 1. F requency  of Recombinants  in C r o s s e s  
of Clone Cul tures  o fE .  col i  Hfr H with E. col i  P678F 
and J 6 2 F -  

Frequency of recombinants (in %; 
Sensitiv- per t00 donor cells) 
ity of 

Cross donor to % ~ ~ I ~ 
phage q-~ q_ "6o I + 

HfrHXP678F- 
HfrHNJ62F- 
232-PXP678F- 
232-PxJ62F- 
18-pxP678F ~ 
18-PxJ62F- 
14-PxP678F- 
14-PxJ62F- 
4-P X P678F- 
4-PXJ62F-- 

++ 

2.88 

0 

0 

0,0001 

0 000028 

0,72 

0 

0 

0,00045 

0,000121 

0,22 

0 

0 

0,023 

0 

0 

amino acids) ,  cove red  by p r e v i o u s l y  washed  ce l l s  
of one of the r ec ip i en t  s t r a i n s .  Colonies  which gave 
no growth a f t e r  48 h on any of the s e l ec t i ve  med ia  
were  subcul tured  f rom the o r ig ina l  d i shes  into m e a t -  
peptone broth ,  incubated for  8 h, and then mixed  
with 8 h bro th  cu l tu re s  of r ec ip i en t  s t r a i n s  ( ra t io  
1:10). The mix tu re s  of c r o s s e d  c e l l s  we re  i ncu -  
ba ted  at  37 ~ for  2 h, a f t e r  which t h e i r  d i lu t ions  were  
seeded  on Select ive  media  as  d e s c r i b e d  above to 
se l ec t  r ecombinan t s .  

Colonies  obtained a f t e r  seed ing  s a m p l e s  f r o m  
u n i r r a d i a t e d  donor Cultures were  inves t iga ted  as  
con t ro l s .  

* The following abbrev ia t ions  a r e  used  in the pape r :  B i th iamine ,  T threonine ,  L leucine,  T r y  t ryptophan,  
P ro  prol ine ,  His h is t id ine ,  L a c + / L a c  - a b i l i t y / i n a b i l i t y  to f e r m e n t  l ac tose ,  S s / s  r s e n s i t i v i t y / r e s i s t a n c e  to 
s t r ep tomyc in ,  O leading  edge of t r a n s f e r r e d  segment  of c h r o m o s o m e .  
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TABLE 2. Crosses  of E. coli 
I-Ifr C and 1485 (F-lae) 
with Clone Cultures 232-P 
and 18-19 

Cross 
Frequency of 
recombinants 

~ S  s 

HIrCX232-P 
HfrC X 18-P 
1485 (F--lac))<232-P 
1485 (F--lac) X 18-P 

3,8.10 -3 
8,2.10 -3 
2,3.t0 -2 
2,3.10 -2 

EXPERIMENTAL RESULTS 

After x-ray irradiation of cultures of the donor strain 6500 iso- 

lated colonies were investigated. Their phenotype corresponded to the 
phenotype of colonies developing from cells not irradiated with x-rays 
and possessing normal donor ability (control). Tests of irradiated cells 
for donor ability by transferring colonies to sgar covered with recip- 
ient cells showed that 23 colonies gave no growth on the various selec- 
tive media. After clone cultures had been obtained from these colonies, 
each was crossed with cultures of recipient strains. It was found that 
the donor ability of the cells had been modified in only four clone cul- 
tures, conventionally designated 232-P, 18-P, 14-P, and 4-P. 

Data illustrating the ability of the cells of the clone cultures to 
donate genes are given in Table i. 

It is c lear  f rom Table 1 that, while remaining sensitive to specific phage F2, the cells  of the i so -  
lated clone cul tures  differed in their  donor ability. 

Cells of clones 14-P and 4-19 donate genes with exceptionally low frequency. Since the frequency of 
recombination i n c r o s s e s  when the donors were cells  of clone cultures 14-19 and 4 -P  was comparable with 
the f requency of recombination usually observed with the use of donor cultures of F + type, to d iscover  the 
state (integrated or autonomous) of the sex factor  in such cells f rom c ros ses  14-P x P678F-,  14-19 x J62F- ,  
4-19 x 19678F-, and 4-19 x J62F- ,  30 of each of the reeombinants  T+L+S r and Try+S r were selected and 
their  sensit ivity to phage F2 determined.  All the selected recombinants  were sensitive to this phage, indi-  
cating that the state of the F fac tor  in cells  of clones 1 4 ' t  ) and 4-19 was not defective, but autonomous, and 
that  the frequency of its t r ansmiss ion  to recipient  ceils  was high. 

It is  also c lea r  f rom the resul ts  given in Table 1 that cells  of clone cul tures 232-P and 18-19 had 
completely lost  their  donor propert ies ,  fo r  the corresponding c r o s s e s  were s ter i le .  Inability to t r ans fe r  
ch romosomes  and sensit ivity to specific phage demonstra te  the presence of a defective sex factor  in these 
cel ls .  

In the next experiments  cells of clone cul tures 232-P and 18-P,  ca r ry ing  the defective mutant of sex 
factor,  were tested for the i r  ability to act as recipients  when c rossed  with other donors,  notably with cells 
of s t ra ins  E__ col_i Hfr C P r o -  and 1485 (F-lac) .  Fer t i l i ty  of the c ro s se s  was judged f rom the resul ts  of 
selection of BI+S s recombinants ,  given in Table 2. 

As Table 2 shows, the c r e s s e s  were ferti le.  Consequently, cells of clone cul tures 232-19 and 18-19 
were capable of receiving genetic mater ia l  f rom other donors.  

To study the multiplication of wild superinfecting sex factor  in cells  ca r ry ing  defective sex factor ,  
16 recombinants  were  selected f rom c ro s se s  between E. eoli 1485 (F-lac) x 232-19, and each of them was 
r e c r o s s e d  with E. eoli P678F-  and J62F- ,  when the T+L+S + and Try+S r recombinants  were selected.  F e r -  
tile combinations resul ted in the formation of only two recombinants,  with frequencies of appearance of 
T+L+S r and Try+S r recombinants  of the o rder  of 0.0012 and 0.00001% respect ively.  

Hence, in cells  ca r ry ing  a defective mutant of integrated sex factor,  multiplication of wild auto- 
nomous sex factor  is suppressed in most  cases .  

The presence  of cultures of E. coli cells with defective sex factor  provides a means of looking for 
back mutations of sex factor .  
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