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EFFECT OF STEROID HORMONES ON B-GALACTOSIDASE
ACTIVITY IN E. coli K-12 STRAINS WITH AN INDUCED
CONSTITUTIVE AND SUPERREPRESSED STATE OF THE
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The action of steroid hormones — hydrocortisone, cortisone, estradiol, and 21-hydroxypregnane-
3,20-dione sodium succinate (viadril) — on biosynthesis of the g -galactosidase of the lactose
operon of Escherichia coli was studied. The experiments showed that the glucocorticoids and
viadril act in these molecular systems as accelerators, and not as depressors, of the trans-
cription process . Estradiol did not affect the enzymic activity of g ~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 clarify the possible effects of steroids by a study
of simple biological systems. 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 bacteria were, of
course, established by Jacob and Monod with respect to the synthesis of the enzyme g -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 acrinomyein D.

EXPERIMENTAL METHOD

Various strains of E. coli obtained from Jacob and differing from each other in the functional state
of their lac-operon were studied. The first strain, E. coli 200 PS /F lac, was characterized by the fact
that derepression of the appropriate operon took place on the addition of the inducer isopropyl-thio-g ,D-
galactoside (IPTG) to the medium, The second strain, E. coli 2000.i® was distinguished by permanent
blocking of the operator of the lactose operon in both the presence and absence of the inducer. The third
strain, E. coli 3300, unlike the first two, synthesized g -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 series of experiments showed that maximal accumulation of
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Fig. 1. Effect of steroid hormones on g -galactosidase synthesis
by strains of E. coli: A) E. coli 200 PS/F lac: 1) culture plus
IPTG (control); 2) culture plus IPTG plus cortisone, 1000 ug /ml;
3) culture plus IPTG plus hydrocortisone, 1000 pg /ml; 4) culture +
IPTG + estradiol (concentrations from 0.1 to 10,000 ug/ ml); 5)
culture + IPTG + actinomycin D, 3 pg/ml; 6) culture + IPTG +
actinomycin D, 3 pg/ml, + cortisone, 1000 ug/ml; 7) culture +
IPTG + viadril 1000 pg/ml; B) E. coli 3300; 1) culture (control);
2) culture + cortisone, 500 ug/ml; 3) culture + hydrocortisone,
100 ug/ml; 4) culture + estradiol (from 0.1 to 10,000 ug/ml); 5)
culture + actinomycin D, 3 ug/ml; 6) culture + actinomycin D, 3
ug/ml, + cortisone, 1000 ug/ml; 7 culture + viadril, 1000 ug/ml.

cortisone-H® takes place in the constitutive and induced strains after 30 min. At 4°C the strains accumu-
lated practically no label.

EXPERIMENTAL RESULTS

Determination of the activity of g ~galactosidase [11] 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 g ~galactosidase
activity (Fig. 1). 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. coli operon in strain 2000 iS. Analysis of the
action of the steroids in the constitutive strain E. coli 3300 showed a marked increase in g -galactosidase
activity depending on the chemical structure and concentration of the steroids (Fig. 1), 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. coli their action on a-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 g -galactosidase synthesis. Since
the steroids investigated did not derepress the lac-operon in strain 200 PS /F lac without the inducer, and
since 8 -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
synthesis.

To clarify this situation a series of experiments was carried out with the use of actinomycin D and
the steroids. The results showed (Fig. 1) that preliminary addition of actinomycin D (3 ug/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 o~
galactosidase includes an increase in RNA-polymerase 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 results described above, and of data in the literature suggests that the nonspecific
action of steroids in the E. coli system can be explained from the point of view of the change in perme-
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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 structure of this hormone, which has three double bonds in the A
rings containing the hydroxyl group at C;. Estradiol also has no side chain at Cy;.
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