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The action of s teroid hormones -hydrocor t i sone ,  cortisone, estradiol,  and 21-hydroxypregnane- 
3,20-dione sodium succinate (viadril) - on biosynthesis of the fl -galactosidase of the lactose 
operon of Escherichia  coil was studied. The experiments showed that the glucocorticoids and 
viadril  act in these molecular systems as accelerators ,  and not as depressors ,  of the t rans-  
cription p r o c e s s ,  Estradiol did not affect the enzymic activity of fl -galactosidase. 
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Steroids are the most widely distributed class of natural compounds that control the functional state 
of animal and plant cells [7]. This effect can be attributed either to their  direct  action on the template 
activity of the chromatin or to their indirect action through changes in the physicochemical properties of 
biological membranes [4, 5]. Since the details of the regulation of genome function in eukaryote cells have 
received little study, it would serve a useful purpose to clar ify the possible effects of steroids by a study 
of simple biological sys tems.  Microorganisms whose genes have been mapped provide a very  promising 
model from this point of view for the fine analysis of the biologically active substances on the various 
parts of the genome [3, 4]. The basic principles of the regulation of transcription in bacter ia  were, of 
course,  established by Jacob and Monod with respect  to the synthesis of the enzyme/~ -galactosidase of 
the lactose operon of Escherichia coli [9]. 

The object of the present  investigation was to study the character  of function of lactose operon of 
E. coli with an induced, constitutive, and superrepressed  type of synthesis of the enzyme, under the influ- 
ence of cortisone, hydrocortisone,  and estradiol in various concentrations, used alone and also in conjunc- 
tion with acrinomycin D. 

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

Various strains of E. coli obtained from Jacob and differing from each other in the functional state 
of their  lac-operon were studied. The f i rs t  strain,  E .  coli 200 P 8 / F  lac, was character ized by the fact 
that derepress ion of the appropriate operon took place on the addition of the inducer isopropyl-thio-~ ,D- 
galactoside (IPTG} to the medium. The second strain, E .  co li 2000, is was distinguished by permanent 
blocking of the operator  of the lactose operon in both the presence and absence of the inducer. The third 
strain,  ~ .  coli 3300, unlike the f i rs t  two, synthesized ~ -galactosidase constitutively. 

Unlabeled steroids (N. V. Organon-Oss) hydrocortisone, cortisone, estradiol, and 21-hydroxypreg- 
nane-3,20-dione sodium succinate (viadril) used in the investigation were added to the incubation medium 
in different concentrations. A 4-h culture in medium M-9 was incubated with steroids for 30 min. This 
time interval was chosen because a separate ser ies  of experiments showed that maximal accumulation of 

Research Laboratory of Experimental Immunobiology, Academy of Medical Sciences of the USSR, 
Moscow. Translated from BFulleten' ]~ksperimental'noi Biologii i Meditsiny, Vol. 79, No. 2, pp. 104-106, 
February,  1975. Original art icle submitted December 28, 1973. 

�9 1975PlenumPublishing Corporation, 227 West I7th Street, New York, 2I. Y. 1001I. No part o f  this publication may be reproduced, 
stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, microfilming, 
recording or otherwise, without written permission o f  the publisher. A copy of  this article is available from the publisher for $15.00. 

200 



300- 

ZSO- 

ZOO. 

/50- 

tOO- 

50- 

Z 3 r 5 

I �9 

G 
U 

] Z 3 @ 5 ~ 7 

Fig.  1. Effect  of s t e ro id  hormones  on/~ -ga lac tos idase  synthesis  
by s t ra ins  of E.  coli :  A) E .  coli  200 P S / F  lac: 1) cu l ture  plus 
IPTG (control);  2) cul ture  plus IPTG plus cor t i sone ,  1000 ~ g / m l ;  
3) cul ture  plus IPTG plus hydrocor t i sone ,  1000 ~ g / m l ;  4) cul ture  + 
IPTG + es t radio l  (concentrat ions f rom 0.1 to 10,000 ~ g / m l ) ;  5) 
cul ture  + IPTG + act inomycin D, 3 ~ g / m l ;  6) cul ture  + IPTG + 
act inomycin D, 3 ~ g / m l ,  + cor t i sone ,  1000 ~ g / m l ;  7) cul ture  + 
IPTG + v iadr i l  1000 ~ g / m l ;  B) E.  coli  3300; 1) cul ture  (control);  
2) cul ture  + cor t i sone ,  500 ~ g / m l ;  3) cul ture  + hydrocor t i sone ,  
100 # g / m l ;  4) cul ture  + es t rad io l  (from 0.1 to 10,000 ~ g / m l ) ;  5) 
cul ture  + act inomycin D, 3 ~ g / m l ;  6) cul ture  + act inomycin D, 3 
~ g / m l ,  + cor t i sone ,  1000 ~ g / m l ;  7) cul ture  + viadr i l ,  1000 ~ g / m l .  

co r t i sone -H 3 takes place in the const i tut ive and induced s t ra ins  af ter  30 min. At 4~ the s t ra ins  accumu-  
lated p rac t i ca l ly  no label .  

EXPERIMENTAL RESULTS 

Determination of the activity of/~ -galactosidas e [II ] revealed the following pattern: on the addition 
of the steroids to a culture of strain E. coli 200 PS/F lac in the absence of inducer no changes in enzyme 
activity were found. Addition of the inducer led to a statistically significant increase in/~ -galactosidase 
activity (Fig. I). With lower concentrations of cortisone, hydrocortisone, and viadril, but not of estradiol, 
an increase was found, but in higher concentrations, there was a decrease in the activity of the enzymes. 

None of the steroids effective derepressed the E. colt operon in strain 2000 i s . Analysis of the 
action of the steroids in the constitutive strain E. colt 3300 showed a marked increase in ~ -galactosidase 
activity depending on the chemical structure and concentration of the steroids (Fig. I). With lower concen- 
trations of cortisone, hydrocortisone, and viadril, but not of estradiol, an increase in enzyme activity was 
found, but in higher concentrations the activity was reduced. 

Although labeled steroids accumulated in the strains of E. colt their action on ~-galactosidase dif- 
fered considerably depending on the functional state of the lactose operon. Incidentally, all the steroids 
investigated, except estradiol, showed common features in their effect on/~ -galactosidase synthesis. Since 
the steroids investigated did not derepress the lac-operon in strain 200 PS/F lac without the inducer, and 
since ~ -galactosidase activity was unchanged in the superrepressed strain, it can be concluded that they 
did not possess direct derepressive action as such, but, most probably, they were accelerators of enzyme 
s 5mthes is. 

To clarify this situation a series of experiments was carried out with the use of actinomycin D and 
the steroids. The results showed (Fig. I) that preliminary addition of actinomycin D (3 ~g/ml) to the cul- 
ture of the induced or constitutive strains reduced both the inducing effect of the inducer and the action of 
the steroids. These results show indirectly that the mechanism of action of the steroid hormones on 5- 
galactosidase includes an increase in RNA-pelymerase activity and in the synthesis of the corresponding 
types of RNA. A similar action in mammalian and insect cells has been described and is not disputed [6, 
10]. 

Analysis of the resu l t s  desc r ibed  above, and of data in the l i t e r a tu re  suggests  that the nonspecific 
action of s te ro ids  in the E.  coli  s y s t e m  can be explained f rom the point of view of the change in p e r m e -  
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ability of the membranes of the cells and subcellular structures [2, 8], for these steroid hormones and 
viadril have been shown to be active in regulating the permeability not only of mitochondrial membranes,  
but also of bimolecular phospholipid membranes and liposomes. These and also other effects of these com- 
pounds are  connected with their  physicochemical properties and their  hydrophobic types of interaction with 
the cell  and its biologically important molecules. The difference found in the action of the estradiol can 
evidently be explained by the chemical s t ructure  of this hormone, which has three double bonds in the A 
rings containing the hydroxyl group at C 3. Estradiol also has no side chain at ClT. 
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