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The possible role of cyclic AMP in the stimulating action of ACTH and hydroeort isone on the 
lactose operon of Escher ichia  coli K-12 was investigated. It was shown that ACTH had no ef- 
fect on s t rains  E. coli W Z - 7 8 / F ' l a e  (cya855) and E. coli CA 8001 (L1) , in which the sys tem of 
regulation of the function of the lactose operon by cyclic AMP is disturbed. Meanwhile this 
hormone st imulates the lactose operon in wild-type s t ra ins:  E. coli 200 P S / F ' l a c  and E. coli 
3000. I Iydrocor t isone st imulates the function of the lactose operon both in the wild-type s train 
E. co l i  3000 and in the mutant E. coli CA 8001 (Li), It is considered that the stimulating action 
of ACTH on the lactose operon is mediated through cyclic AMP and that hydrocor t i sone s t imu-  
lates the function of the lactose operon independently of cycl ic  AMP. 
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The role of cyclic AMP in the regulation of the function of the lactose operon in Escher ichia  coli is now 
well established [5]. It has also been shown that ACTH and hydrocor t i sone accelera te  the production of the 
enzyme f l -galactosidase,  coded by the lactose operon of E. coli K-12 [2]. Meanwhile, in higher organisms,  
some hormones ,  in par t icu lar  ACTH, increase  the activity of the enzyme adenylate cyclase,  thereby increas-  
ing the intracel lular  concentrat ion of cycl ic  AMP [6]. 

With these considerat ions in mind, it was decided to study the role of cyclic AMP in the accelerat ing 
action of ACTtI and hydrocor t i sone on the express ion of the lactose operon in E. coli K-12. 

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

The tes t  objects were s t ra ins  of E. coli K-12: E. coli W Z - 7 8 / F ' l a c  and E. coli CA 8001. Strain E. coli 
W Z - 7 8 / F ' l a c  possesses  the cya855 mutation, affecting the enzyme adenylate cyclase,  as a resul t  of which the 
int racel lular  concentration of cyclic AMP in this par t icular  mic roorgan i sm is reduced [1]o The F ' l ac  factor  
was introduced into s t ra in  E. coli WZ-78 f rom E. coli 200 PS /F ' l a e  by conjugation. Strain E. coli CA 8001 is 
a derivat ive of s t rain E. coli 3000 possess ing  the L l deletion in the region of the promotor  of the lactose 
operon. The L 1 deletion affects the region of at tachment of the cycl ic  AMP-recep to r  protein activated by cy -  
e l ieAMP [4]. Wild-type strains,  E. coli 200 P S / F ' l a c  and E. coli 3000, served as the control. 

The level of express ion of the lactose operon was est imated f rom the production of /~-galactos idase ,  
which was investigated by the method of Pardee,  Jacob, and Monod: I Iormones  and cyclic AMP in the tes t  
concentrat ions,  together with the inducer, were added to the bacter ia l  cultures in the logari thmic phase of 
growth, grown in g lucose-minimal  M-9 medium to a concentration of 4 �9 108 ce l l s /ml ;  the samples were incu- 
bated for 30 min at 37~ [2], after which the enzyme production was determined [3]. 
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TABLE 1. Effect of ACTH and Cyclic AMP on Production of B-Galactosidase (M~-m) 

-Galactosidase activity, units/ml/min 
Sample 

E. co!i 200 PS/F ' Iac  E. coli WZ*7fi/F'lac E. coli 3000 E. colt CAB001 

Control 
5OO gg/ml ACTH 
P 
1000 pg/ml ACTH 
P 
5000 gg/ml ACTH 
P 
5 mM cyclic AMP 
P 

19,9-----0,3 
24,8• 

<0,001 
29,4----- 0,91 

<0,00I 
25,7• 1,07 

<0,01 
40,6~3,03 

<0,001 

8,2-----0,37 
8,5-----0,14 
>0,05 
8,6m0,58 
>0,05 
8,4----- 1,37 
> 0,05 

42,2 ~- 1,52 
<o,ooi 

20,2----- 0,43 
24,5-----0,69 

<o,ool 
27,5-~0,56 

<o,o01 
14,1-----1,43 

<0,01 
41,9~--2,61 

<0,001 

1,77• 
1,68• 

>0,05 
1,74--0,070 

> 0,05 
1,71"~ 0,057 

> 0,05 
1,70--0,075 

> 0,05 
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Fig. 1. Effect of hydrocor t i sone  on /3 -ga lac -  
tosidase synthesis  by s t ra ins  E. coli 3000 (1) 
and E. coli CA 8001 (2). Abscissa ,  concent ra-  
tion of hormone (in /~g/ml; ordinate,/3 - ga l ac -  
tos idase  activity (in un i t s /ml /min)~  

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

The resul ts  of investigation of the effect of cyclic AMP and ACTH on/~-galactosidase production are 
given in Table 1. It will be c lear  f rom the resul ts  in Table 1 that expression of the F ' lac  factor  in strain E. 
coli W Z - 7 8 / F  lac was reduced by 58% compared With expression of the F ' l ac  factor in E. coli 200 PS /F ' l ac .  
The production of this enzyme by E. coli W Z - 7 8 / F q a c  was increased fivefold, and in the wild-type s t ra ins  
E. coli 200 P S / F ' l a c  and E. coli 3000 it was doubled by 5 mM cycl ic  AMP. Cyclic AMP had no action on the 

lactose operon of E. coli CA 8001. 

ACTH caused no s ta t is t ical ly  significant changes in the levels of f i -galactosidase synthesis in E. coli 
W Z - 7 8 / F ' l a c  and E. coli CA 8001. Meanwhile this hormone increased  production of the enzyme  in the wild- 
type strains,  its st imulating effect  being maximal  in a concentrat ion in the medium of 1000 pg /ml .  

The resul ts  of the investigation of the effect of hydroeor t isone on f l -galactosidase  synthesis in s t rains  
E. coli CA 8001 and E. coli 3000 are shown in Fig. 1. Clear ly  hydrocor t i sone stimulated ~-ga lac tos idase  pro-  
duction both in s t ra in  E. coli 3000 and in s train E. coli CA 8001, the stimulating effect being maximal  in a con- 
centrat ion of 1000 pg /ml  in the medium. 

The resul t s  suggest  that the st imulating effect of ACTH on the lactose operon is mediated through cyclic 
AMP as a resul t  of interaction between the hormone and the adenylate cyclase of the bacter ial  cell. Because of 
the defect of adenylate cyclase,  ACTI-I has no effect on s train E._. coli WZ-78 /F ' I a c ,  nor does it have an effect 
on E. coli CA 8001, because of the absence of the site of application of the stimulating effect of cyclic AMP on 
the lactose operon, as a resu l t  of the L 1 deletion. 

Hydroeor t isone is unable to interact  with the adenylate eyclase of the ceils of higher organisms  [6]. It 
will be c lear  f rom the resul ts  of the present  investigation that this hormone st imulates f l -galactosidase p ro -  
duction independently of  cycl ic  AMP, since it has an action on E. coli CA 8001. 
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Hydrocortisone and ACTH thus have different mechanisms of stimulating action on the lactose operon. 
Further experiments must be carr ied out in order to prove the hypothesis expressed above regarding the 
mechanism of the effect of ACTH on the lactose operon. 
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