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By induction with N-methyl -N ' -n i t ro -N-n i t ros0guanid ine ,  t e e -  mutants were isolated f rom cultures 
of Escher ichia  coli s t ra in  P678-, a derivative of E. coli K-12. In cross ings  with standard donors they form 
recombinants  in  low frequency.  

Recombination-defect ive (rec-)* mutants of recipient  cells  of Escher iehia  coli K-12 have recent ly  
been isolated, which cannot form recombinants  after  c ross ing  with Hfr donor ce l l s  because of disturbance 
of their ability to catalyze one stage of genetic recombinat ion [1, 2, 5, 7]. Since the process  of recombina-  
tion consists  of a ser ies  of complex physical  and chemical  events [6], it is assumed that several  genes are  
perhaps concerned in the determinat ion of these events [4, 7]. The possibil i ty likewise is not ruled out that, 
as a resul t  of mutat ions,  the recipient  cells may also lose their power to form contacts with the donor cells 
or to rece ive  genetic mater ia l .  For  this reason,  it i s  possible in principle to isolate not only various r e c -  
mutants f rom cultures of the recipient  cel ls ,  but also mutants of other c lasses .  

This paper descr ibes  experiments  ca r r i ed  out to isolate r e c -  mutants f rom cul tures  of other s t ra ins  
of E. colt K-12 and also the resul ts  of c ross ing  of these mutants with donor cells of intermediate type, c a r r y -  
ing F~-'2~'ac + sex factors  differing in their s t ruc ture .  

EXPERIMENTAL METHOD 

The search for rec" mutants was carried out tn cultures of recipient strains E. coli P678 F-T-L-Iac-S r 
and E. coli J62F-Pro-Try-His-lae-S r, treated with N-methyl-N'-nitro-N-nitros-~uanidineo For this purpose, 

* The following abbreviations are  used in this ar t icle:  B 1-  thiamine, T -  threonine, L -  leucine, P r o -  proline, 
T r y -  tryptophan, H i s -  histidine, lae + / l a c - -  ability/inability to ferment  lactose,  SS/S r -  s ens i t i v i ty / r e s i s -  
tance to s t reptomycin,  pho-a lka l ine  phosphatase,  p u r - p u r i n e s ,  R p h o - t h e  igene regulating synthesiis of alka- 
line phosphatase,  T 6 r - r e s i s t a n e e  to phage T6. 

TABLE 1. Cross ing  of Intermediate  Donors with E.eoli P678F- 
and with r ee -  Mutants 

Donor and frequency of transmission of F' factors and 
chromosomal genes 

200 PS I 485 W i 485 {W3747 

Strain % S r ~ 
+ T + L + S r + 

P 6 7 8 F -  100 100 100 100 100 
P678F-rec-lO 55 [ 0.8 100 0,8 100 
P678F-rec-15 I00 0,32 100 0,36 1~2 
P678F-rec-48 I 57 I <0,02 I 74 I <0.02 I 

1,001 t,00t t 

T + L + $r 

I00 { I00 
0,03 { I00 
0,3 <0,04 10080 

<0.04 58 
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TABLE 2. Crossing of Intermediate Donors with E. coli 
J62F- and rec- Mutants 

S t r a i n  

J 62F- 
J 62F-reck308 

Donor and frequency of transmission of F' factors and 
chromosomal genes 

2 0 0  P S  

lac  + S r P r o  + S r 

100 I00 
<0,01 <0.07 

1 485 

+ P r o  + S r 

I00 100 
70 <0,01 

W 1 4 8 5  

lac  + S r P r o  + S t 

100 100 
0,002 <0,25 

n i t rosoguanid ine  was added to 6-8 hour broth  cu l tu res  in a concent ra t ion  of 50 # g / m l  and the cu l tu res  were  
incubated at  37 ~ for  1 h with ae ra t ion .  Cel ls  t r ea t ed  with the mutagen were  then washed twice by cen t r i f u -  
gation and the suspens ions  were  seeded on mea t -pep tone  and min ima l  aga r ,  with the e s sen t i a l  addi t ives ,  or  
in meat-peptone,  broth ,  f rom which samples  were  taken af te r  incubation at  37 ~ for  18-20 h, and a lso  seeded 
on mea t -pep tone  and min ima l  agar .  The growing colonies  were  t r a n s f e r r e d  by the r e p l i c a  technique to min i -  
ma l  agar  media  containing addi t ives  pe rmi t t i ng  se lec t ion  of T + L+S r and Pro+S r r ecombinan t s ,  covered  
with a thick suspens ion  of donor ce l l s  E. coli  HfrH B1-S r (order  of t r ans f e r :  O - T - L - l > r o - - T r y - H i s ) .  
Coloni'es whose i m p r e s s i o n s  did not giv"~ growth on the se lec t ive  med ia  were  r emoved  f rom the or ig ina l  
d i shes  and seeded in mea t -pep tone  bro th  , and a f t e r  ve r i f i ca t ion  of the genotype,  the Cultures were  s tudied 
in c r o s s i n g s  with the same  donor by s tandard  methods [3]. In control  expe r imen t s  the same  method was 
used  to a n a l y z e  colonies  grown f rom ce l l s  not t r ea t ed  with the mutagen.  The e f fec t iveness  of this l a s t  p r o c e -  
dure  was checked  by p a r a l l e l  detect ion of addit ional  nut r ien t  r e q u i r e m e n t s  in the cu l tu res .  Cross ing  of the 
i so la ted  r e c -  mutants  with ce l l s  p o s s e s s i n g  sex fac to r  F 1 was a lso  c a r r i e d  out by s tandard  methods [3]. 

EXPERIMENTAL RESULTS 

In the course of the experiments 3100 colonies of E. coli P678F- and 1000 colonies of E. coli J62F-, 
grown f rom ce l l s  t r ea t ed  With n i t rosoguanid ine ,  were  t r a n s f e r r e d  to se lec t ive  media .  

Ana lys i s  of growth of i m p r e s s i o n s  of these colonies showed that in the f i r s t  case  no growth was g i v e n  
by i m p r e s s i o n s  of 190 co lonies ,  and in the second ease  by i m p r e s s i o n s  of 32 co lon ies .  However,  in c ro s s ings  
c a r r i e d  out by s t andard  methods ,  by mixing  r ec ip i en t  ce i l s  i so la ted  f rom s ingle  colonies  of clone cu l tu res  
with HfrH ce l l s  in m e a t - p e p t o n e  bro th ,  a low f requency of r ecombina t ion  was  found only in expe r imen t s  with 
four clone cu l tu res  of E. coli  P 678F- and one clone cul ture  o f E .  coli  J 6 2 F - .  It wil l  be noted that in the 
expe r imen t s  to check the mutagenic  ac t iy i ty  of n i t rosoguanid ine ,  30 of the 200 colonies  inves t iga ted  showed 
the p r e s e n c e  of addi t ional  nu t r ien t  r e q u i r e m e n t s .  

After  e s t ab l i shmen t  of the identi ty of the i so la ted  cu l tu res  with the o r ig ina l ,  they were  p r e l i m i n a r i l y  
defined as r e c -  cu l tu res  and des ignated  P678F-  r e c - 1 0 ,  P 6 7 8 F - r e c - 1 5 ,  P 6 7 8 F - r e c - 4 8 ,  P 6 7 8 F - r e c - 7 5 ,  and 
J 6 2 F - r e c - 3 0 8 .  This conclusiOn was based  on the following cons ide ra t ion .  The abi l i ty  of ce l l s  of the i sola ted  
cu l tu res  to ac t  as r e c ip i en t s  was e x p r e s s e d  as a percen tage  of the appea rance  of r ecombinan t s  in thei r  
c r o s s i n g s  with HfrH ce l l s  r e l a t i ve  to the f requency of appea rance  of analogous r ecombinan t s  in c ro s s ings  in 
which c e l l s  of the o r ig ina l  s t r a in s  (of wild type) were  the r ec ip i en t s .  In HfrH x P 6 7 8 F - r e c -  c ro s s ings  the 
f requency of appearance  of T + L+S r r ecombinan t s ,  f rom the r e s u l t s  of a s e r i e s  of e x p e r i m e n t s ,  was between 
0.04 and 0.2% of the f requency of appearance  of these r ecombinan t s  in the control  c r o s s i n g s  (HfrH • P678F-) .  
InHfrH • J 6 2 F - r e c - 3 0 8  c ro s s ings  the f requency of appea rance  of Pro+S r r ecombinan t s  was 0.11-2.8% of 
the f requency of appearance  of the analogous recombinan t s  s e l ec t ed  in the cont ro l  c r o s s i n g s  (HfrH • J62F- ) .  

To conf i rm the na ture  of the r e c -  mutants  de tec ted ,  thei r  abi l i ty  to act  as r ec ip i en t s  was es t ab l i shed  
in c ro s s ings  with E. coli  200PS, 1485, W1485, and W3747, the ce l l s  of which c a r r y i n g  sex  f ac to r s  F l - l a c  + , 
F t - l a c  + , F t - l a c  + , ~ l - - ~ l + ,  and F13-1ac+pho Rpho T6 r r e s p e c t i v e l y .  Pa r t i a l  diploids  lac+S r and r e c o m b i -  
nants T+L+S r and Pro+S r were  se lec ted  and the i r  f requency of appea rance  de te rmined  as a pe rcen tage  of 
the f requency of genetic t r a n s f e r  in control  c ro s s ings  in which the r ec ip i en t s  were  E. coli  P678F-  and J62F- .  
The r e s u l t s  obtained a re  given in Tables  1 and 2. 

As Table  1 shows, the f requency of appea rance  of T + L + S r r ecombinan t s  compared  with the control  
was jus t  as  low as in the p reced ing  c r o s s i n g s ,  where  HfrH ce l l s  were  the donors .  Meanwhile the f requency 
of appearance  of l ac -S  r d iploids  in nea r ly  a l l  c a se s  was 55-100% of the f requency of appearance  of these  
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diploids in the control c ross ings .  The only exception was mutant P678F- rec -15 ,  which received one of the 
sex fac tors  at a lower frequency.  The isolated r e e -  mutants did not lose their ability te receive Y 4 sex 
factors  of different types. However, repl icat ion of one of them under these conditions was apparently sup- 
pressed~ So far  as the resul ts  given in Table 2 are  concerned,  the high frequency of formation of lac+S r 
diploids in c ross ing  1485 • J82F- rec -308  only, in the absence of Pro+S r recombinants ,  still does not con- 
stitute a basis  for  acceptance of the recombinat ion nature of this mutant,  for in other c ross ings  the lac+S r 
diploids were absent.  

The resul ts  of these experiments  thus confirm the conclusion that the isolated cultures were r e c -  mu-  
tants.  They also demonst ra te  that the r e c -  mutation has some influence on replicat ion of the various F 1 
fac tors  in cells ca r ry ing  this mutation. The nature of this phenomenon requi res  fur ther  study~ 
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