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As a r e s u l t  of c ro s s ing  cel ls  of donor s t r a i n  E s c h e r i c h i a  cel l  K-12 (P4X) with s e r o t y p e d  
(group 0100) r ec ip ien t  ce l l s  E.  ce l l  t r p - l a c - ,  nine recombinan ts  p o s s e s s i n g  s e x  fac tor  and 
abi l i ty  to c a r r y  out c h r o m o s o m e  t r a n s f e r  with high f requency  were  i sola ted .  The is e lated 
s t r a in s  of donor cel ls  c a r r y  sex  fac to r  in the in tegra ted  s t a te  and r e t a in  the i r  m e m b e r s h i p  
of s e r o g r o u p  0100. 
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The chief  difficulty in the s tudy of the genet ic  bases  of pathogenici ty  and immunogenic i ty  of b a c t e r i a  
belonging to d i f ferent  spec ies  is the absence  of c ro s s ing  s y s t e m s .  Never the le s s , inves t iga t ions  of s e r e -  
typed pathogenic s t r a i n s  of E.  ce l l  i so la ted  f r o m  dif ferent  sou rces  has shown that  b a c t e r i a  of individual 
s t r a in s  can  c a r r y  na tura l  sex  fac to r s  and a r e  p romis ing  m a t e r i a l  for  the s e a r c h  for donor cel ls  among 
them capable  of c a r r y i n g  out genet ic  t r a n s f e r  with high f requency [1]. 

Advances in the product ion of di f ferent  s t r a in s  of E,  cel l  K-12 [3] have shown that  in the ca se  of n e r o -  
typed s t r a in s  of E .  cel l  an effect ive c ros s ing  s y s t e m  can be obtained by introducing the c l a s s i c a l  sex  fac tor  
f r o m  E.  coli  K-12 into these  b a c t e r i a  and isolat ing f r o m  the progeny cel ls  c a r ry ing  sex  fac to r  in the in te -  
g ra t ive  s t a te  and acting as h igh- f requency  donors of the Hfr  type.  

The object  of this inves t igat ion was to introduce sex  fac tor  f r o m  E .  cel l  K-12 into cel ls  of a s e r e -  
typed s t r a i n  of E .  ce l l  ( se rogroup  (0100) and to s e a r c h  for  h igh- f requency  donors among the recombinan t s  
i so la ted  f rom such a c r o s s .  

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

Donor s t r a i n  P4X m e C s t r  s or iginat ing f rom E. ce l l  K-12 and the r ec ip ien t  s e ro types  ( se rogroup  
0100) s t r a i n  E.  cel l  t r p - l a c - s t r  s,  i sola ted in the w r i t e r ' s  l abo ra to ry  by N. I. Shchipkova, we re  used  as the 
or ig ina l  s t r a i n s .  The 18-h b ro th  cul tures  of the or ig inal  s t r a ins  we re  diluted 1 : 20 in nut r ient  b ro th  (NB) 
and re incubated  to a densi ty  of 1 �9 107 e e l l s / m l .  The donor and r ec ip i en t  cel ls  for  c ro s s ing  were  mixed 
in a tube in the ra t io  of 1 : 5, then cent r i fuged for  10 rain and, without pouring off the superna tan t ,  they were  
incubated for  2 h. The conjugation mix tu re  was then again cent r i fuged at  4000 r p m  for  10 rain, washed 
twice,  r e suspended  in phys io logica l  sa l ine  up to the initial  vo lume,  and s amp le s  m e a s u r i n g  0.1 ml  were  
seeded  on se l ec t ed  med ium (minimal  aga r  with lactose)  in d ishes .  The subcul tures  were  incubated for  
48 h at  37~ Lac + recombinan t s  appear ing  on the dishes were  purif ied on Endo 's  medium,  a f te r  which 
the i r  sens i t iv i ty  to phage f2  was de t e rmined .  The donor abil i ty of the phage - sens i t i ve  Lac + r ecombinan t s  
and the d i rec t ion  of the c h r o m o s o m e  t r a n s f e r  c a r r i e d  out by  them were  ve r i f i ed  in c r o s s e s  with E~ .c.oli 
J 62 F - p r o - h i s - t r p - s t r  r ,  C 500 F - t h r - l e u - t h y - l a c - s t r  r and AB 1157 F - t h r - l e u - p r o - a r g - h i s - l a c - s t r  r by 
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Fig .  1. C h r o m o s o m e  map  of E .  coli  show-  
ing genetic m a r k e r s  and the t ime  and 
d i rec t ion  of the i r  t r a n s f e r  produced by 
ce l l s  of s t r a i n  Hfr  P4X. 

TABLE 1. Frequency  of T r a n s f e r  of Gen-  
etic Marke r s  f r o m  Serotyped Donor Cells 
to Recipient  Cells  J62M- 

No. of Marker 
donor 
stzain Pro+ Hls+ Trp+ Lac + 

I0 
II 
13 
14 
19 
26 
30 
37 
39 

6,2.10 -s 
9,6.10 -s 
4,8. I0 -s 

6.10 -s  
6,2 .I0 -4 
1 1.10 -~ 

4.10 -'s 
3,8. I0 -s 
3,6.10 -s  

1,4 .I0 - 6  
1.7.10 -6 
4,5.10 --~ 
8,3 .lO--S 

>0 
9,2.10 -7 

1.10 - 6  
8,6.10 -7 
4,1 .I0 -7 

9.10 -7 
2.10 -7 

1,4 .I0--' 
9,5.10--7 

> 0  
2,2 .I0 - e  
8,3 .I0 -7 
7,1.10-" 
4,1.10 -7 

> 0  
>o 
>o 
>o 
>o 
>o 
>o 
>o 
>0 

the s tandard  method.  The antigenic p rope r t i e s  of the r e -  
combinants  we re  de te rmined  by the agglutination t e s t  on 
s l ides  and by  the line t e s t  in tubes with s e r u m  agains t  0100. 
The behav io r  of the sex  fac tor  of the recombinants  towards  
acr id ine  orange (100 ~ g / m l )  was de te rmined  by Hi ro ta ' s  
method [2]. 

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

Since the donor cel ls  of s t r a i n  Hfr  P4X c a r r y  out 
c h r o m o s o m e  t r a n s f e r  in the o rde r  O - p r o  A - l e u - t h y  A. . .  
lac (Fig. 1), se lect ion of Lac + recombinants  was based  on 
the assumpt ion  that  such  recombinants  mus t  inher i t  s ex  
fac tor ,  for  this fac tor  is l inked with the lac genetic m a r k e r .  
The fo rmat ion  of recombinants  took place with low f r e -  
quency; on each dish only 4 or  5 r ecombinan t  colonies were  
obse rved .  

Af ter  purif icat ion on Endo 's  medium,  112 r e c o m b i n -  
ant colonies were  se lec ted  for  the future  work,  t r a n s f e r r e d  
to NB and, a f t e r  subcul ture ,  each  cul ture  was t es ted  for  
sens i t iv i ty  to "male"  phage f2- Tes t s  of the sens i t iv i ty  of 
these  cul tures  to phage f2 showed that  only nine of them 
were  sens i t ive  (cultures Nos. 10, 11, 13, 14, 19, 26, 30, 37, 
and 39). All these  cul tures  a lso  proved  to be  pro to t rophs  
and s t r e p t o m y c i n - s e n s i t i v e .  

To de te rmine  the f requency of c h r o m o s o m e  t r a n s f e r  
produced by the cel ls  of each of the i so la ted  r ecombinan t  
s t r a ins  they were  c r o s s e d  with cel ls  of the rec ip ien t  s t r a i n  
E.  coli  F - J62 ,  a f te r  which the P ro+St r  r ,  His+Str  r ,  
Trp+Str  r ,  and Lac+Str  r r ecombinan ts  we re  se lec ted .  The 
resu l t s  a r e  shown in Table 1. 

As Table 1 shows,  the h igher  f requency  of t r a n s f e r  was obse rved  in the case  of the P r o  + m a r k e r .  
The f requency  of t r a n s f e r  of His + and Trp  + was lower and that  of Lac + was evidently lower  s t i l l ,  for  no 
Lac + recombinan ts  w e r e  found wha teve r .  Meanwhile ce l l s  of s t r a i n  No. 26 were  c r o s s e d  with AB 1157 F -  
cel ls  and Pro+Str  r ,  Thr  +Leu + 8tr  r ,  Arg  + Str r ,  His +S t r  r ,  T rp  +Str r ,  and Lac + Str r r ecombinan ts  were  
se lec ted .  These  c r o s s e s  yielded the following f requency of t r a n s f e r  of the m a r k e r s :  P r o + S t r  r 2.4 �9 10 -3, 
T h r + L e u + S t r  r 1.3 �9 10 -3, Arg+St r  r 7.2 . 10 -5, H i s+S t r  r > 0, T rp+S t r  r > 0, and Lac+S t r  r > 0. The r e -  
sul ts  indicate  that  c h r o m o s o m e  t r a n s f e r  produced by se ro typed  donor  cel ls  c h a r a c t e r i s t i c a l l y  has a g r ad i -  
ent r e f l ec ted  in the following o rde r  of t r ansmi t t ed  m a r k e r s :  O -  P r o -  T h r -  L e u -  A r g -  His - T r p -  Lac .  
This grad ien t  co r r e sponds  to the gradient  of t r a n s f e r  for  cel ls  of s t r a i n  Hfr  P4X. 

T r e a t m e n t  of cel ls  of Hr f  s t r a in s  with acr idine  orange does not e l iminate  sex  fac to r .  To prove  that  
the s t r a in s  of s e ro typed  donors isola ted in these  exper iments  belonged to the Hfr  type, s amp le s  of cel ls  
of s t r a i n  No. 26 were  t r e a t ed  with acr id ine  orange  in a concentra t ion of 100 ~ g / m l .  The r e s u l t  of acr id ine  
orange  t r e a t m e n t  was de t e rmined  f r o m  the f requency  of segrega t ion  of L a c -  clones in the population of 
t r e a t ed  Lac + cel ls  seeded  on Endo ' s  agar .  When no L a c -  segregan ts  we re  found, 10 Lac + colonies de -  
veloping f rom cel ls  t r ea t ed  with acr id ine  orange were  se lec ted ,  cul tures  were  grown f rom them,  and each 
was c r o s s e d  with E .  coli  AB 1157, a f t e r  which Pro+Str  r recombinants  were  se l ec t ed .  The cel ls  of all  ten 
subcul tures  tes ted  p roved  to be  fe r t i l e ,  for  they t r a n s f e r r e d  the P r o + - m a r k e r  at high f requency  (of the 
o rde r  of 3 �9 10-3). Acr idine orange did not e l iminate  sex  fac tors  f rom the cel ls  of these  t r ea t ed  donor 
s t r a i n s .  

The resu l t s  of the exper iments  with acr idine orange thus showed that  sex fac tor  in se ro typed  cel ls  
is in the in tegra ted  s ta te .  

Final ly ,  the s tudy of  the antigenic p rope r t i e s  of the isolated .donor ce l l  s t r a in s  showed that  they s t i l l  
belonged to the s e r o g r o u p  0100. 
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It can be concluded from the results of these experiments that the strains of donor cells of E.  coil 
belonging to the serogroup 0100, carrying sex factor from E.  coli K-12, thus produced can c a r r y  out 
chromosome t ransfer  with high frequency and with a certain gradient. This property, and also the be- 
havior of their sex factor relat ive to acridine orange, show that they belong to the Hfr type of donors. 
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