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Replication of bacter ia l  p lasmids  is under genetic control, which is assumed to be negative [6]. In the 
case of individual R plasmids  it has been shown that control extends simultaneously to replication and to in- 
compatibility. In par t icular ,  it has been found that mutations changing the copy number of individual R pins- 
raids, are accompanied by a change in the incompatibility of copy number mutants with the original R plas-  
mids [4, 7, 8]. 

Genetic t r ans fe r  fac tor  pAP42 is an F- l ike  drd-plasmid  of E .  co[i, of average molecular  dimensions. 

Since it has been shown that plasmid pAP42 belongs to the incFIX incompatibility group [1], an attempt 
was made in the investigation descr ibed below to determine whether corre la t ion exists  between control of the 
copy number of this plhsmid (the number of copies per  bacter ia l  cell chromosome)  and control of its incom- 
patibility. 

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

Transfer factor pAP42 :: Tnl, contained in E. coli was used. The copy number of the PAP42 :: Tnl factor 
was determined by measuring fl-laetamase activity of TEM type, determined by transposon Tnl [9]. p-lac- 
tamase was determined quantitatively in cell-free extracts of E. eoli by [odometric titration, by the method 
described in the USSR State Pharmaeopoiea (Article 12 42-922 - 74), a modification of the macroiodometric 
method [5]. Copy number mutants of factor pAP42 :: Tnl were induced with nitrosoguanidine, added to cultures 
of E. coli AP115 cells containing the test transfer factor, in a concentration of 100 pg/m[. The sensitivity of 
the bacteria to phage MS2 was determined by the agar layers method. The frequency of plasmid transfer was 
studied by the standard method [2]. Compatibility (incompatibility) of the mutant plasmid with reference plas- 
raids of the F incompatibility groups was determined by the usual scheme [3]. 

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

The work began with determinat ion of the number of copies of plasmid pAP42 :: Tnl in E. coli C600 thr  
leu thi lac s t r r .  Fo r  this purpose activi t ies of p - l ac tamase  of E. ao]~[ C600 cells, containing plasmid pAP42 :: 
Tnl, and E. coli C600 cel ls  containing plasmids  with a known number of copies (plasmids RSF 2124 and RP4) 
were compared.  Activity of f i - lactamase was expressed in conventional VNIIA (All-Union Antibiotics Research  
Institute) units. The unit of activity was taken to be the smal les t  quantity of f i - lactamase sufficient to inactiv- 
ate 10 -7 mole of benzylpenicill in per  hour at 37~ in phosphate buffer (pH 6.8-7.0). The resul ts  of these ex- 
per iments  are given in Table 1. 

It will be c lear  f rom Table 1 that activity of f i - lactamase coded by plasmid RSF 2124 was 5.5 t imes higher 
than f i - lactamase activity coded by plasmid pAP42 :: Tnl  which, in turn, was 1.3 t imes  higher than p- lac tamase  
activity coded by plasmid RP4. Since plasmid RSF 2124 exists  in cells  in 10-12 copies, and plasmid RP4 in 
one or  two copies, it is easy  to conclude that fac tor  pAP42 :: Tnl  exists  in about one or  two copies per  E. coli 
chromosome.  

Determination of the number of copies of factor  pAP42 :: Tnl enabled exper iments  to induce copy number 
mutat ions of this plasmid to begin. As a l ready stated, mutants with an increased number of copies were in- 
duced by t rea tment  of A P l l 5  met  thi lac nal (pAP42 :: Tnl) cel ls  with nitrosoguanidine. Among clonal cul tures  
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T A B L E  1. A c t i v i t y  o f  / 3 - L a c t a m a s e  C o d e d  b y  

P l a s m i d  i n  E .  c o l i  C 6 0 0  

Plasmid 

pAP42::Tnl 
RSF2124 
RP4 

/3 -Lactamase , Number of 
activity (in plasmid copies 
VNIIA ~mlt~] 

158,2 
876,1 
119,4 

1--2 
!0--12 

1--2 

TABLE 2. Activity of /3-Lactamase  Coded by 
Plasmid pAP42 :: Tnl  cop 1 in Ceils  of Differ- 
ent Strains of E. colt 

Strain of  host 3- Lactamase 
Plasmid ~etivity (in 

bacteria VNIIA units) 

C600 
C600 
APt l5  
C600 

pAP42::Tnl copl 
RSF2124 
pAP42::Tnl copl 
pAP42::Tnl 

880,6 
864,2 
179,8 

155 " 

T A B L E  3.  C o m p a t i b i l i t y  ( i n c o m p a t i b i l i t y )  o f  P l a s m i d  p A P 4 2  :: T n l  c o p  1 w i t h  P l a s m i d s  o f  

F G r o u p s  ( in  E .  c o l i  A P l l 5 )  

introduced 

pAP42::Tnlcopl 
pAP42::Tnlcop 1 
R386 (FI) 
R386 (FI) 
pAP42::Tnlcop 1 
Rl-19 (FII) 
R1-19 (FH) 
pAP42::Tnlcop 1 
ColBR3 (Fill) 
ColBR3 (FIll) 
pAP42::Tnlcopl 
RI24 (FIV) 
R 124 (FIV) 
pAP42::Tnlcop 1 
Folac (FV) 
Folac (FV) 
pAP42::Tnlcop i 
Hly-P212 (FVI) 
Hly-P212 (FVI) 
pAP42::Tnlcopl 
pAP38:Tn9 (FVII) 
pAP38:: Tn9 (FVI I) 
pAP42::Tnlcop I 
pAP4.3::Tn9 (FVIIIi 
pAP43::Tn9 (FVIII) 
pAP42::Tnlcop 1 
pAP42::Tn9 (FIX) 
pAP42::Tn9 (FIX) 

Plasmid 

resident 

R386 (FI) 

pAP42::Tnlcop 1 

RI-19 (FII) 
pAP42::Tn Icop 1 

Co!BR3 (FIII) 
pAP42::Tnlcop i 

pAP42::Tnlcop1 

Folac (FV) 
pAP42::TnlcopI 

HIy-P2i2 (FVb 
pAP42::Tnlcop 1 

pAP38::Tn9 (FVI I) 
pAP42::Tnl cop t 

pAP43::Tn9 (FVIII) 
pAP42::Tnlcop 1 

pAP421:Tn9 (FIX) 
pAP42::Tnlcopl 

~ Frequency 
~ of  transfer 

"~ ~) to one 
~ donor cell  

Ap 2,9.10 -z 
Ap 13.10 -1 
Tc 7,6.10 -~ 
Tc 7,9.10 -2 
Ap 2,4. I0 - t  
K~ 4,5. I0 -~ 
K~ 4,5"10 -1 
Ap 8,3.10 -1 
L~ 6,7.10 -3 
Lu 1,2. I0 -2 
Ap 8,3.10 -2 
Tc 3,9.10 -s  
Te 4,6-10 =~ 
Ap 4,5. I0 -1 
La 3,5. I0 -5 
La 6,7.10 -5 
Ap 15-10 -1 
Hly 2,3- I0 -~ 
HIy 2,7.10 -a 
Ap 21-10 -~ 
Lm 4,7. I0 -~ 
Lm 5,7.10 -2 
Ap 10.10 -1 
Lm 2,3.10-:; 
Lm 2,4- 10 -3 
Ap 2,0.10 -1 
Lm 5,9- 10 -3 
Lm 13.10 -1 

Surface 
exclusion 
index 

4,5 

1,0 

5,4 
t.0 

1,6 
1,8 

15,7 
1,2 
11 

2,9 
t,9 

0,9 
t,2 

0,6 
1,2 

1,3 
1,0 

6,5 
220 

Number of  colonies (in % ) 

whose ceils contain 

introduced resident ! both 
plasmid plasmid ] plasmids 

lO0 I00 100 
100 
I00 I00 100 
100 
100 100 100 
lO0 I00 I00 
100 
100 100 100 
100 1O0 10O 
109 
100 I00 100 
t00 100 100 
lO0 
I00 i00 100 
95 100 95 
100 
!00 95 95 
I0O t0O t00 
i00 
100 100 I00 
10o I00 iO0 
100 
100 i00 100 
100 100 100 
t00 
1OO 05 o 
10o 35 
I00 

grown from single colonies of bacteria, treated with mutagen, one clone of cells resistant to ampicill[n in a 
concentration of 8000 ~g/ml was found, whereas cells containing the original pAP42 :: Tnl factor, were resis- 

tant to this antibiotic in concentrations not exceeding 2000 #g/ml. Since cells of the selected resistant clone 

preserved their sensitivity to phage MS2, it was postulated that the considerable increase in resistance of 

these cells to ampicillin was due to mutation of the p[asmid pAP42 :: Tnl which they contained, accompanied 

by an increase in the number of copies of the latter. This mutant plaslnid was designated pAP42 :: Tnl cop 1. 

To confirm the hypothesis of the mutant nature of plasmid pAP42 :: Tnl cop 1 in resistant cells of the 

isolated clone, and also to discover how this plasmid behaves in E. col[ of strains not exposed to the action of 

the mutagen, it was introduced into E. col} C600 cells, after which the latter were tested for fl-lactamase ac- 

tivity and compared with E. coli.C600 (RSF 2124), APt15 (pPA42:: Tn cop i) andC600 (pAP42:: Tnl). The results 
of these experiments are given in Table 2. 

It will be clear from Table 2 that E. co[i C600 cells containing plasmid pAP42 :: Tnl cop I possessed 
fJ-lactamase activity 5.7 times greater than the /%lactamase activity of E. colt C600 containing plasmid 
pAP42 :: Tnl, and equal to that of E. coli C600 (RSF 2124). When these data are analyzed it can be concluded 
that plasmid pAP42 :: Tnl cop 1 is in fact a copy number of transfer factor pAP42 :: Tnl, and that the number 

of copies of the mutant plasmld is 10-12 copies per chromosome (like p|asmid RSF 2124). 

1 1 1 1  



It  is also c l e a r  f rom Table 2 that  f l - l ac tamase  act ivi ty  of E. coli C600 (pAP42 :: Tnl  cop 1) is h igher  than 
the f l - l ac tamase  act ivi ty  of E. coli A P l l 5  (pAP42 :: Tnl  cop 1). Assuming that this is re la ted  to some special  
f e a tu r e s  of the host  cel ls ,  in additional expe r imen t s  we t r a n s f e r r e d  p la smid  pAP42 :: Tn l  cop I back f r o m  
C600 ce l l s  to p l a s m i d - f r e e  AP 115 ce l l s  and analyzed the f l - l ac tamase  act ivi ty of the la t ter .  The expe r imen t s  
showed that f i - l ac tamase  act ivi ty de te rmined  by p lasmid  pAP42 :: Tnl  cop 1 is reduced when this p lasmid  is 
" re tu rned"  to E. coli A P l l 5 .  These data thus indicate the role  of the host  cell  in express ion  of the f l - lact-  
a m a s e  gene. 

To d i scove r  whether  co r re l a t ion  ex i s t s  between control  of the copy number  and control  of incompatibil i ty,  
in the next e x p e r i m e n t s  compat ib i l i ty  of mutant  p lasmid  pAP42 :: Tnl  cop 1 with the or iginal  p lasm[d pAP 42 
(pAP42 :: 9), and also with r e f e r e n c e  p l a s m i d s  of all incompat ibi l i ty  groups  of F - l i ke  p lasmids ,  was  studied. 
The r e su l t s  of these  expe r imen t s  a re  .given in Table 3. 

It will be c l ea r  f r o m  Table 3 that  introduction of normal  fac tor  pAP42 :: Tn9 into rec ip ient  ce l l s  con- 
ta[ning pAP42 :: Tn l  cop 1 as res ident  p l a smid  (direct  cross ing)  is accompanied by cons iderable  surface  ex-  
clusion, and also by cons iderab le  e l iminat ion (05%) of the res iden t  p l a smid  f rom the t ranseon]ugant  cel ls .  Con- 
ve r se ly ,  introduction of mutant  pAP42 :: Tn l  cop 1 into bac te r i a l  ce l l s  containing as res ident  p lasmid  
pAP42 :: Tn9 (back cross ing) ,  is accompanied by complete  supplanting of the lat ter .  The ve ry  smal l  loss  (5~) 
of one of the p l a s m i d s  was obse rved  in c a s e s  when the introduced p Iasmid  was  Folac  (incFV) or  the res ident  
p lasmid  was Hly-P212 (incFVI). As r e g a r d s  the re la t ions  of f ac to r  pAP42 :: Tnl  cop 1 to r e f e r ence  p l a smids  
of groups  incFI,  FII,  FIII, FIV, FVII, and FVIII a re  concerned,  they were  comple te ly  compat ible  with these  
p lasmids .  

To obtain final proof  that mutant  f ac to r  pAP42 :: Tn l  cop 1 is  incompat ible  with wild- type fac tor  
pAP42 :: Tn9, but at the same t ime  compat ib le  with r e f e r ence  p l a smids  of incFV and incFVI groups,  clonal 
ana lys i s  of the t ranscon]ugants  a re  c a r r i e d  out. The r e su l t s  of clonal ana lys i s  (culture of ce l l s  of 1-5 colonies 
of t ransconjugants  containing both p lasmids ,  in nutr ient  broth followed by seeding on nutrient  agar  and de te r -  
minat ion of the p la smid  contents of ce l l s  of 20 colonies) showed that t ransconjugants  obtained in d i rec t  and 
back c r o s s e s ,  in which the re la t ionship  of p lasmid  pAP42 :: Tn l  cop 1 to p lasmid  pAP42 :: Tn 9 was de termined,  
lost  the i r  res ident  p l a smid  a lmos t  comple te ly  (100%). This  indicates  that these  p l a smids  a re  in fact  com-  
p le te ly  incompatible .  Converse ly ,  ce l l s  of two of the five c lones  of t ransconjugants  tested,  containing in t ro-  
duced p lasmid  Folac  and res ident  p lasmid  pAP42 :: Tn l  cop 1, a f te r  culture,  lost  p lasmid  Folac  (35 and 10~ of 
the total  number  of ce l l s  respec t ive ly) .  Cel ls  of all c lones containing p l a smids  pAP42 :: Tnl  cop 1 and Hly- 
P212, p r e s e r v e d  these p lasmids .  This  indicates  compabi l i ty  of p lasmld  pAP42 :: Tn l  cop 1 with p l a smids  
Folac  and Hly-P212.  

The r e su l t s  can be summed up in the conclusion that p lasmid  pAP42 is subject  to mutat ions  accompanied 
by a change in copy number .  The identified mutan ts  pAP42 :: Tn l  cop 1 p r e s e r v e s  i ts  incompatibi l i ty  with o r i -  
ginal p l a smids  pAP42 and i ts  compat ib i l i ty  with p l a smids  of o ther  inc -groups  of F - l i ke  p lasmids .  In o ther  
words,  copy number  mutat ion of fac tor  pAP42 is probably  located in a genetic region which is not involved in 
the control  of i ts  compat ib i l i ty  (incompatibil i ty) with o ther  p lasmids .  
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