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A technique of mobi l iz ing non t r ansmis s ive  co l - f ac to r s  was developed exper imenta l ly  
using the pr inciple  of fo rmat ion  of a sys t em of h igh-f requency colicinogeny t r a n s -  
mis s ion  (HFCT). Mobilization of non t r ansmis s ive  colicinogeny fac to r s  (colD and colI a) 
incorpora ted  into the s t ruc tu re  of var ious  t r a n s m i s s i v e  episomal  e l ements  [colIb, 
Hly(fl), R~2, R~,  F, and col (V+E 1) +Fv]  was demons t ra t ed .  

Under natural  conditions colicinogenic bac te r i a  a re  widely distr ibuted,  but mos t  of the inher i ted f ac -  
to r s  control l ing abil i ty to synthes ize  colicins,  e spec ia l ly  about 20 colicinogenic f ac to r s  (col - fac tors) ,  a re  
non t r ansmi s s ive .  Fo r  genetic r e s e a r c h  it is essent ia l  to be able to util ize non t r ansmis s ive  co l - f ac to r s  in 
genet ical ly  m a r k e d  s t r a ins  and a lso  in combination with va r ious  e p i s o m e s .  

In the p resen t  invest igat ion the poss ibi l i ty  of mobi l iz ing non t r ansmis s ive  co l - f ac to r s  for  t r a n s m i s s i o n  
with the aid of t r a n s m i s s i v e  ep i somes  was studied by the au tho r s '  method.  

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

In conjugation expe r imen t s  with Escher ich ia  coli the following s t r a ins  were  used as  donors of t r a n s -  
m i s s ive  ep i somes :  AB-247 (colIb+) , inducing colicin I b (from the museum of the L a b o r a t o r y  of Episomes)  ; 
C SH-2 (P2z2+), r e s i s t an t  to the ant ibiot ics  te t racycl ine ,  s t rep tomycin ,  and chloramphenicol  and to sulfon- 
amides  (obtained f rom P r o f e s s o r  Watanabe, Japan),  J -5 -3  (R~+), r e s i s t an t  to t e t racyc l ine  and s t r ep tomyc in  
(obtained f rom Dr.  Claus, U.S.A.). The r e s i s t a n c e  of both Strains  was not higher  than to 100 #g /ml  of the 
antibiotic.  Other s t r a ins  of E.  coli were  obtained f rom the museum of the L a b o r a t o r y  of Ep i somes :  no. 
195 [Hly(~)], producing hemolysin  fl, and AB-247(F+), c a r ry ing  the sex factor ,  and a lso  s t ra in  K-30 [col(V+ 
E l) + Fv +] (obtained f rom P r o f e s s o r  Fr6d6ricq,  Belgium). 

Colicinogenic s t ra ins  with non t r ansmis s ive  co l - f ac to r s  were  used as  in te rmedia te  rec ip ients :  Ca-23 
(colD1 +) (obtained f rom P r o f e s s o r  Fr6d6r icq ,  Belgium), and 026/14 (colD2+) (from the museum of the au -  

t h o r s '  l abora tory) ,  producing colicins D1 and D z r e spec t ive ly .  

The final rec ip ien ts  were  s t ra ins  E_._~. coli, P-678, J -62,  and C-600, not c a r ry ing  the above-ment ioned  
ep i somes ,  l ac - ,  and r e s i s t an t  to high concentra t ions  of s t rep tomycin  (1000 un i t s /ml ) .  

L a b o r a t o r y  indicator  s t r a ins  were  used to detect  and t i t ra te  colicinogeny in the resu l t ing  recombinan t s .  

rhe  media  were  p r e p a r e d  with Hot t inger ' s  nutr ient  broth,  pH 7.2; His '  a s s o r t m e n t  with ca rbohydra tes  
(lactose, glucose, mannitol ,  mal tose ,  sucrose) ,  Endo 's  medium,  and 1.5% agar  with 5% rabbi t  e ry th rocy te s  
a lso  were  used.  Antibiotics of Soviet manufac ture  were  added to se lec t ive  media:  s t rep tomycin  (calcium 
chloride complex),  chloramphenicol ,  t e t racyc l ine  hydrochlor ide,  snd naladixic acid in concentra t ions  c o r -  
responding to the purpose  of the invest igat ion.  

Colicinogeny of the bac t e r i a  was de te rmined  by Fr~d~r icq ' s  method [2]. Conjugation expe r imen t s  
using low (LFT) and high (HFT) f requencies  of t r ansmi s s ion  of ep i somes  were  c a r r i e d  out as descr ibed  by 
Stocker et al .  [5] and Watanabe et al.  [6]. 
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Fig.  1o Kinetics of t r ansmiss ion  of t r ansmiss ive  episomes:  a) 
c ross ing  of s t ra ins  C SH-2 (Rzz2 +) Ca-23 (col D, •  I) t r ansmiss ion  
of Rzz+-factor,  II) t r ansmiss ion  of (Rlz +, colD1 +) complex and c ross ing  
CSH-2 (R~22 +) • 026/14 (colD2 +) • J-62,  III) t r ansmiss ion  of R22~ +- 
factor ,  IV) t r ansmiss ion  of (R2a z, colI~ +) complex;  b) c ross ing  of 
s t ra ins  no. 195 (Hly +) • Ca-23(colDl +) • J-62:  I) t r ansmiss ion  of 
Hly+-factor ,  II) t r ansmiss ion  of Hly +, colD +) complex and c ross ing  
of nod 195 (Hly +) • 026/14 (colD2 +) • J-62 ; I I I )  t r ansmiss ion  of Hly +- 
factor,  IV) t r ansmiss ion  of (Hly +, colD2+) complex;  c) c ross ing  of 
s t ra ins  AB-247 (F+)• Ca-23 (colD1 +)• J-62:  I) t r ansmiss ion  of 
(F+, colD1 +) complex and c ross ing  of AN-247 (F+)• J-62,  II) t r a n s -  
miss ion of (F+, colD~ +) complex.  Abscissa,  t ime of incubation with 
final rec ip ient  (in h) ; ordinate,  percentage of t ransmiss ion .  

Development of the mobil ization technique.  The principle  of crea t ion of the HFT sys tem was used 
as the basis for  development of the mobil ization technique.  Cultures of the donor (with the t r ansmiss ive  
episome) and in termediate  recipient  (with the nont ransmiss ive  colD-factor)  were  incubated together  (in the 
ra t io  of 1:20). At the beginning of "epidemic"  spread of the t r ansmiss ive  episome among the rec ip ient ' s  
cells  (by 18 h) the mixture  of cul tures  was diluted 1:10 and incubated until the logar i thmic phase of growth, 
a f te r  which a culture of the final recipient ,  to which t r ansmiss ive  episomes were  t ransmi t ted  with high f r e -  
quency, was added. 

To prevent  death of the pa r tne r  cells  during conjugation the colicin sec re ted  into the medium was in- 
activated with t ryps in  (200 #g/ml) .  To increase  the yield of col+-recombinants  an additional se lect ive  agent 
(homologous coligin) was added before  seeding to the conjugation mixture  in the rat io  of 1"1 and left  for  30 
rain at 37~ af te r  which the colicin was removed  by centr ifugation and the mixture  was seeded on select ive  
media.  

EXPERIMENTAL l~ESULTS 

The experiments showed that if the intermediate recipient contains a nontransmissive episome, this 
episome "attracts" the transmissive or is mobilized for transmission. 

Results for the kinetics of transmission of the transmissive episomes and mobilization of the colD- 
factors are shown in Fig. I. 

Transmissive episomes coll +, Hly(fi)+, R + Rsl +, F +, and col(V+E1)++Fv + possessed mobilizing 22Z , 

activi ty and formed complexes  with nont ransmiss ive  colD1 +, colDz +, and colI+~-factorso 
§ 

The eff iciency of t r ansmiss ion  of Rz2 ~ (Fig. la ,  I, II), Hly + (Fig. lb,  I, III), and F + (Fig. lc ,  I) was 
always higher than that of the i r  combined t r ansmiss ion  with the co lD-fac tors .  It should be noted that the 
higher the rec ip ient  activity of the in termediate  recipient  (Ca-23 or  026/14) the higher  also were the mobi l -  
ization indices of the cor responding  co lD-fac tor .  

The resul t ing  recombinants  E. coli P-678 (colIR, colD1) ; (coIIB, colDz), (Hly(fi), colD1), Bs4, coII~), 
(Hly(fi), colD1) , R64 , colD2) , [col(V+El~=Fv, colin] ; and E.  coli J-62 (F, colD1) , F, colD2), ~zzz, colD1), 1~22z, 
co ld  z) were checked for  the i r  select ive m a r k e r s  and tes ted for  fur ther  t r ansmiss ive  act ivi ty.  The resu l t s  
showed that they all were  capable of subsequently t ransmit t ing  the episomal complex in a special ly chosen 
system (HFT) during conjugation (final rec ip ient  E__.~. coli  C-600 Nx R, res i s tan t  to naladixic acid, 100 pg/ml) .  
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Anderson [1] obtained a t r a n s m i s s i v e  complex consis t ing of the t r a n s m i s s i v i t y  fac tor  (A) and a non- 
t r a n s m i s s i v e  m a r k e r  of r e s i s t ance  to s t reptomycin ,  which was capable  of fu r the r  t r a n s m i s s i o n .  More r e -  
cently Fr~d6r icq  e~ al .  [3, 4] have shown that non t r ansmis s ive  e x t r a c h r o m o s o m a l  de te rminants  of r e s i s t ance  
to s t r ep tomyc in  can be t r ansmi t t ed  by t r a n s m i s s i v e  c o l - f a c t o r s .  

It can be concluded on the bas i s  of this evidence f rom the l i t e ra tu re  and the r e su l t s  of the p resen t  in-  
ves t igat ions  that mobil izat ion is due to t r a n s m i s s i o n  f ac to r s  incorpora ted  into the s t ruc tu re  of the t r a n s -  
mi s s ive  e p i s o m e s .  This provides  an opportunity for  studying the mobil izat ion of va r ious  non t r ansmis s ive  
ep i somes  and p lasmids ,  espec ia l ly  if the i r  connection with the ch romosomal  appara tus  of the bac t e r i a  has 
not been es tab l i shed .  

These facts  concerning the mobi l iza t ion of non t ransmiss ive  ep i somes  can help toward the unde r -  
standing of the m e c h a n i s m s  of distr ibution of these ep i somal  e l ements  in natural  a s soc ia t ions  of the m i c r o -  
bial  f lora  of man and an ima l s .  
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