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A comparat ive  study of the effect of cor t isone on fl-galactosidase synthesis in s t ra ins  of 
Escher ich ia  eoli K-12 with an induced (E_. coli 200 PS/F [ac), a constitutive (E. coil ML-308), 
and a super repressed  (E. coil 2000 i s) type of enzyme synthesis  and in ra t  l iver ceils  showed 
that the hormone itself  has no derepress ive  effect. In all cases  an increase  in f l -galactosidase  
synthesis  takes place only in the presence  of the specific substrate  inducers.  It is suggested 
that the principal stage in the mechanism of action of cort isone on the lactose operon of E. coil 
and on enzyme production in ra t  l iver ceils  is the pre l iminary  de repress ion  of regions of the 
genome through substrate  inducers.  
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Elucidation of the mechanism of the effect of steroid hormones on the genome is an important  problem 
in modern molecular  biology and genetics. However, when the level of biosynthesis  of RNA and protein mole-  
cules is determined by the usual methods only an overal l  idea of genetic activity can be obtained without allow- 
ing for any special features  of the function and mechanisms of depression of individual operons [ 1]. 

The object of this investigation was to study the effect of cor t isone on the function of the lactose operon 
of some s t ra ins  of E. coli K-12 and of ra t  l iver  cells in the presence and absence of substrate  inducers.  

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

The test  for evaluating the effect of cort isone on the function of the lactose operon was determination of 
f l-galactosidase activity in s t ra ins  E. coli 200 PS/F lac, ML-308, and 2000 i s by the method of Pardee  et al. [3] 
in rat  l iver homogenates treated with Tri ton X-100, in order  to detect the total activity of the enzyme [4].  

The s t ra ins  of mic roorgan i sms  used differ f rom one another in the cha rac te r  of function of their lactose 
operon. In s t ra in  E. coli 200 PS/F lac enzyme synthesis is of the induced type and fl-galactosidase production 
can be detected only after  the addition of lactose or of ar t i f icial ly synthesized thiogalactosides to the medium. 
In the present  experiments ,  when mic roorgan i sms  were used as the model, the inducer was isopropylthio fl-  
D-galactoside (IPTG) in a final concentration of 10 -3 M. Strain E. coli M1-308, as a resul t  of mutation of the 
regulator  gene of the lactose operon, produces a defective r ep re s so r ,  and fl-galactosidase synthesis  is const i -  
tutive in type. The  supe r rep res sed  s train E. coli 2000 i s has a permanent  block of the operator ,  and conse-  
quently the lactose operon is not activated by the addition of substrate  inducers  to the medium. In these ex- 
per iments  the hormones were added in a concentrat ion giving maximal stimulating action on fi-galactosidase 
production [2]. 
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Fig .  1. E f f e c t  of c o r t i s o n e  on f l - g a l a c t o s i d a s e  a c t i v i t y  in E.  co l i  c u l t u r e s  
and r a t  l i v e r  h o m o g e n a t e s :  1) r a t s  on o r d i n a r y  d i e t  (con t ro l ) ;  la )  the 
s a m e  + c o r t i s o n e ;  2) r a t s  r e c e i v i n g  m e a t  b ro th ;  2a) the s a m e  + c o r t i s o n e ;  
3) r a t s  r e c e i v i n g  mi lk ;  3a) the s a m e  + c o r t i s o n e ;  4) E. co l i  200 P S / F  lac ;  
4a) the s a m e  + c o r t i s o n e ;  5) E. co l i  ML-308 ;  5a) the s a m e  + c o r t i s o n e .  
O r d i n a t e ,  f l - g a l a c t o s i d a s e  a c t i v i t y  (in % of con t ro l ) .  

To s tudy  the e f f ec t  of c o r t i s o n e  on f l - g a l a c t o s i d a s e  s y n t h e s i s  in the  p r e s e n c e  and a b s e n c e  of s u b s t r a t e  
induc t ion  in m a m m a l s ,  84 non inb red  m a t e  r a t s  we igh ing  150-180 g w e r e  u sed .  The  a n i m a l s  w e r e  d iv ided  into 
t h r e e  g r o u p s  with  28 r a t s  in each  group.  The  a n i m a l s  of g roup  1 w e r e  kep t  on an o r d i n a r y  d i e t  of food in p e l l e t  
f o r m  and v e g e t a b l e s  fo r  7 days .  The  r a t s  of g roup  2 r e c e i v e d  mea t  b r o t h  wi thout  l a c t o s e  fo r  7 days .  The  r a t s  
of g r o u p  3 r e c e i v e d  the o r d i n a r y  d i e t  but  wi th  mi lk  a d d i t i o n a l l y  i n s t e a d  of w a t e r .  B e f o r e  the e x p e r i m e n t s  each  
g roup  of a n i m a l s  was  d iv ided  in two equa l  s u b g r o u p s .  The  r a t s  of one of the s u b g r o u p s  of each  g roup  r e c e i v e d  
an i n t r a p e r i t o n e a l  i n j e c t i o n  of c o r t i s o n e  in a dose  of 5 m g / k g  (two i n j e c t i o n s  at  i n t e r v a l s  of 12 h). The  a n i m a l s  
w e r e  k i l l ed  24 h a f t e r  the 2nd i n j e c t i o n  and the to ta l  f i - g a l a c t o s i d a s e  a c t i v i t y  in homoge na t e  of t h e i r  l i v e r  was  
d e t e r m i n e d .  

EXPERIMENTAL RESULTS 

The experiments showed that addition of the hormone to a culture of E. coli 200 PS/F lac in the absence 
of the inducer does not affect fi-galactosidase synthesis. Meanwhile, a combined action of cortisone and IPTG 

caused changes in fi-galactosidase production. For instance, whereas the mean activity of the enzyme after 
addition of IPTG alone averaged 17 units/ml/min (100%), when the glucocortieoid concentration in the medium 
was 500 ~g/ml activity was increased to 26 units/ml/min (152%). An increase in the quantity of hormone in 

the culture to I0,000 ~g/ml blocked enzyme synthesis. 

Addition of cortisone alone in a concentration of i000 ~g/ml to a culture of strain ML-308 with the con- 

stitutive type of p-galactosidase synthesis increased enzyme production from 36 units/ml/min (100%) to 

44 units/ml/min (122%). A further increase in the hormone concentration in the culture to i0,000 ~ g/ml led 

to a decrease in fi-galactosidase production to 23 units/ml/min. 

In the superrepressed system (strain E. coli 2000 i s) cortisone was unable to influence fi-galactosidase 

synthesis regardless of its concentration or of the presence of substrate inducer (IPTG) in the culture. 

Consequently, the results showed that when strains of E. coli K-12 were used as the model, cortisone 

in a c e r t a i n  c o n c e n t r a t i o n  could  a c c e l e r a t e  f l - g a l a e t o s i d a s e  s y n t h e s i s  in an induced  s y s t e m ,  but  only  in the  p r e s -  
ence  of s u b s t r a t e  i n d u c e r .  I t  i s  v e r y  i n t e r e s t i n g  that  the g l u c o c o r t i e o i d  could  i n c r e a s e  e n z y m e  p roduc t i on  in 
the c u l t u r e  of the c o n s t i t u t i v e  s t r a i n  a l s o  (Fig .  1). T h i s  fac t  shows that  the i m p o r t a n t  s t a g e s  in the m e c h a n i s m s  
of r e g u l a t i o n  of e n z y m e  a c t i v i t y  a r e  those  not  connec t ed  with  d i r e c t  d e r e p r e s s i o n  of the l a c t o s e  ope ron ,  but  
which  d e t e r m i n e  p o s t t r a n s c r i p t i o n  i n t e r a c t i o n s .  

In the l ight  of t h e s e  o b s e r v a t i o n s  the p o s s i b l e  r o l e  of s u b s t r a t e  induc t ion  in the r e g u l a t i o n  of f i - g a l a c t o -  
s i d a s e  s y n t h e s i s  u n d e r  the in f luence  of c o r t i s o n e  was  s tud ied  in r a t  l i v e r  c e l l s .  I t  was  found that  in a n i m a l s  
kep t  on the o r d i n a r y  l a b o r a t o r y  d i e t  a d m i n i s t r a t i o n  of c o r t i s o n e  c a u s e d  i l l - d e f i n e d  but  s t a t i s t i c a l l y  s i g n i f i c a n t  
i n c r e a s e s  in e n z y m e  ac t iv i t y .  K e e p i n g  the a n i m a l s  fo r  7 days  on a d ie t  p r o v i d i n g  no l a c t o s e  w h a t s o e v e r  ( m e a t  
b r o t h )  led to a m a r k e d  fa l l  in the c o n t r o l  l eve l  of f l - g a l a c t o s i d a s e ;  i n j e c t i o n s  of c o r t i s o n e  into t hese  r a t s ,  
m o r e o v e r ,  did not  s t i m u l a t e  p r o d u c t i o n  of the e n z y m e .  C o n v e r s e l y ,  in r a t s  r e c e i v i n g  a d i e t  r i c h  in l a c t o s e ,  a 
high l eve l  of f l - g a l a c t o s i d a s e  was  found and they  r e a c t e d  to i n j e c t i o n  of c o r t i s o n e  by a c o n s i d e r a b l e  and s t a t i s -  
t i c a l l y  s igni . f icant  i n c r e a s e  in e n z y m e  a c t i v i t y  (Fig .  1). 
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The resul ts  suggest that the mechanisms of action of cort isone on the lactose operon of E. coli and on 
enzyme production in ra t  l iver cells incorporate  identical stages,  and that the most important  of these stages 
is pre l iminary  derepress ion  of regions of the genome by substrate  inducers.  

1~ 

2. 

3. 

4. 

L I T E R A T U R E  C I T E D  

N. N. Zhukov-Verezhnikov, P. V. Sergeev, M. Yu. Klimova, et al., Zh. Mikrobiol.,  No. 4, 4 (1971). 
N. N. Zhukov-Verezhnikov, N. I. Rybakov, R. D. Seifulina, et al., Byull. ]~ksp. Biol. Med., No. 2, 104 
(1975). 
R. C. Clowes and W. Hays (editors), Experiments  in Microbial  Genetics, Halsted Press ,  New York 
(1969); [Russian translation, Moscow (1970), p. 64]. 
V. Patel and A. Z. Tappel, Biochim. Biophys. Acta, 191, 86 (1969). 

I S O L A T I O N  O F  H I G H - M O L E C U L A R - W E I G H T  

I N F E C T I O U S  DNA F R O M  T Y P E  1 H E R P E S  

S I M P L E X  V I R U S  

F .  P .  F i l a t o v ,  A. A. M a n y k i n ,  a n d  
L .  A. M o n a s t y r e v a  

UDC 576.858.13. (Herpes). 098.3 96.332 

Isolation of DNA f rom type 1 herpes simplex virus  (strain L2) is described;  the DNA pos-  
sessed the cha rac te r i s t i c s  of an intact molecule:  sedimentation rate ,  physical  length, and 
infectivity. Data on infectivity of preparat ions  of this DNA were obtained in cul tures of chick 
embryonic  fibroblasts.  
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Current  in teres t  in the DNA of herpes v i ruses  is due to the recent ly  discovered possibil i ty that the 
virus genome can be mapped by the use of res t r ic t ion  endonucleases~ and in the case of the herpes viruses  
this could show the region of the molecule responsible  for the oncogenic proper t ies  of some members  of this 
group. Following such an investigation on the shor ter  DNAs of papova vi ruses  and adenoviruses [8, 9, 11], 
this could shed some light on the question of virus carcinogenesis .  This same approach to the study of virus 
DNA has a more  general  importance.  It is evident that the prefer red  object for investigations of this sor t  must  
be the intact DNA molecule. In herpes  viruses  it has a molecular  weight of about 108 daltons [ 5]. The isola-  
tion of such long molecules ,  incorporat ing as they do r ibonucleoproteins [ 3, 7],  is rendered more  difficult by 
their  high sensit ivity to various external factors  and, in par t icular ,  mechanical  injury, leading to f ragmenta-  
tion during isolation. 

The object of this investigation was to obtain preparat ions  of intact DNA molecules f rom strain L2 of 
type 1 herpes simplex virus,  which itself was isolated ea r l i e r  in the wr i t e r s '  laboratory [ 1], and to assess  
their nativeness. A factor  of considerable importance in this mater  could be that as the sys tem for reproduc-  
tion and titration of the virus and also for a s sessment  of the infectivity of its DNA a culture of chick embryonic 
f ibroblasts  (CEF) was used, although these cells are usually insensitive to type 1 herpes virus; it must, ad- 
mittedly, be remembered  that s t ra in  L2 is specially adapted to these cells. The c r i t e r i a  of nativeness of the 
DNA obtained were its sedimentation rate in a glycerol  density gradient,  e l ec t ron-mic roscop ic  analysis of the 
preparat ion,  and its infectivity. 
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