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The dynamics of penicillinase formation was compared in a penicillin-resistant (MiC > 1000 
units/ml) inducible strain of Staphylococcu s aureus 16/160 and its subcultures which had lost 
their capacity for inducible penicillinase synthesis through contact with acridine orange or 
spontaneously. The optimal dose of the inducer for the original culture was a penicillin con- 
centration of 10 units/ml. Subcultures whose resistance to penicillin and salts of the heavy 
metals was reduced by acridine orange or spontaneously lost their capacity for induced pen- 
iciIIinase synthesis. Possible ways of origin of noninducible mutants are suggested. 

A penic i l l in - res i s tan t  s t ra in  of Staphylococcus aureus  is capable of inducible penicilI inase (8-1acta- 
mase)  synthesis ,  r is ing to a maximum 4 h a f t e r  addition of the inducer  (penicillin) to the medium [5-7]. 
The inducibility of s t ra ins  of Staphylococcus aureus  is control led by a regu la tor  gene (i +) linked with the 
s t ruc tura l  gene controll ing penicil l inase synthesis  (1 ~+) [15]. The regula tor  gene i + l ies  side by side on the 
penici l I inase plasmid with the s t ruc tura l  penici l l inase gene P+ [13, 14] and determinants  of res i s tance  to 
sal ts  of the heavy metals  (mercury ,  cadmium, etc .) .  

The object  of this investigation was to compare the dynamics of penicil l inase format ion induced by 
penici l l in in a P+i + s t ra in  of Staphylococcus aureus and its subcultures which had los t  the i r  capacity fo r  
inducible synthesis  Of f l - lactamase through contact  with acr id ine  orange or  spontaneously.  

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

Staphylococcus aureus  s t r a in  16/160, highly res i s tan t  to benzylpenicil l in (minimal inhibitory concen- 
t ra t ion  MIC > 1000 units~ml), and possess ing  episomal  and chromosomal  determinants  of pencil l inase 
act ivi ty [8-10] were  used.  The method of i l lumination was indistinguishable in pr inciple  f rom those used 
previously  [2-4] and i t  was used in the modificat ion [1]. To investigate inducibility, the original  s t ra in  was 
used toge ther  with its subcul tures ,  the f i r s t  of which (AO) had acquired res i s t ance  to benzylpenici l l in in a 
dose of 10 un i t s /ml  a f t e r  contact  for  30 rain with acr idine  orange (100 ~g/ml) ,  whereas  previously r e s i s -  
tance was observed  only with a dose of 1000 un i t s /ml .  Another  subculture of s t ra in  16/160 had acquired 
the same res i s t ance  through spontaneous el imination.  The res i s tance  of both subcultures to HgCI2 was 
reduced f rom 50 to 10 # g / m l ,  and to Cd(NO3)2 f rom 100 to 50 g g / m l ,  indicating that the dec rease  in r e s i s -  
tance to penicil l in could take place through a disturbance of repl icat ion of genes located on the penicil l inase 
p lasmid  [17, 18]. The 24-h cul tures ofthe s taphylococoiwere  diluted to a density,  checked with a photoelec-  
t r i c  co lo r ime te r ,  equivalent to 10 cell  density units (CDU). Samples of 3 ml of the cul ture were  added to 27 
ml Hott inger 's  broth and grown on a shaker  at 37~ fo r  4 h. The density of the bacter ia l  suspension of the 
subculture and of the original  s t ra in  was adjusted to 10 CDU, and the suspension was then distr ibuted in 
equal volumes among 4 tubes: 1 control  (with the antiboitic) and 3 exper imental  tubes, to which the inducer  
(benzylpenicillin) was added in final concentrat ions of 10, 100, and 1000 un i t s /ml .  Samples f rom the control  
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Fig. 1. Dynamics of penicil l inase act ivi ty of orginal  s t ra in  Staph. aureus  
16/160 during induction by benzylpenicil l in.  Abscissa ,  t ime of induction 
(in h); ordinate,  penici l l inase activity (in uni ts /10 CDU): 1) induction by 
penicill in,  10 nni ts /mI;  2) 100 uni ts /mI;  3) 1000 uni t s /ml ;  4) control  with- 
out penicil l in.  

Fig. 2. Dynamics of penicil l inase activity in a subculture of s t ra in  16/160 
obtained by el imination with acr id ine  orange.  Legend as in Fig.  1. 

and experimental suspensions were taken after I, 2, 3, 4, and 24 h and the density of the suspensions was 
standardized at 10 CDU. After centrifuging, dilutions of the supernatant were tested. The penieillinase 
activity was determined by a microiodometric method [II] with a final substrate (benzylpenicillin) concen- 
tration of I000 units/ml. 

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

As Fig. 1 shows, the maximal  yield of penici l l inase from the original s t ra in  16/160 was observed  
a f t e r  4 h. The optimal concentrat ion of the penicilIin inducer  was 10 uni t s /ml .  If l a rg e r  doses of inducer  
were  used,  the peniei l l inase yield was reduced but was still higher  than in the control .  The possibil i ty 
cannot be ruled out that with the use of penicillin in doses of 100 and 1000 uni ts /mI  a combination of two 
p roces se s  - induction and inhibition of peniei l l inase synthesis  - was observed,  as the wr i t e r s  found when 
using ceporin [9]. Meanwhile, having lost its resistance to penicillin through exposure to acridine orange, 
the culhlre was unable to produce an increased amount of enzyme under the influence of penicillin induction 
(Fig. 2). Similar results were obtained in experiments with spontaneous elimination. 

The results of these and previous experiments [13-16] suggest that eliminants that had lost the 
regular gene of penicillinase inducibility (i +) had been obtained. 
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