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Estradiol(E~)-binding pro te ins  of the l ive r  cytosol  of sexually ma tu re  f emale  and male  ra t s ,  
mice ,  guinea pigs,  and rabbi t s  were  invest igated by ge l - f i l t ra t ion  on Sepharose 6B columns.  
Components with Stokes'  radi i  (a) of 6-7 and 2.5 nm, forming  specif ic ,  s table complexes  with 
E~, we re  found in the l ive r  of f emale  r a t s  and of male  and female  mice .  Components with 
values  of (a) of 6-7,  2.5, and under 2.0 nm, specif ical ly  binding E2, were  d i scovered  in the 
l i ve r  of male  r a t s  and male  and female  guinea pigs.  Complexes  of E 2 with components  with 
(a) values  of 6-7 and under 2.0 nm were  re la t ive ly  stable,  whe reas  the complex of E 2 with the 
component  with a = 2.5 nm could d i ssoc ia te  complete ly  in 45 min. It is suggested that at leas t  
some of the components  of these  he terogeneous  populations of E2-binding pro te ins  may p a r -  
t ic ipate  in the recept ion  of the es t rogen  signal by the l iver .  KEY WORDS: es t rogen-binding 
prote ins ;  l iver;  spec ies  d i f fe rences .  

In the m o d e r n  view a cent ra l  place in the mechan i sm of action of s te ro id  ho rmones  and, in pa r t i cu la r ,  of 
e s t rogens  is occupied by the s tage of in teract ion of the ho rmones  with in t race l lu la r  r e cep to r  pro te ins  [5]. Spe- 
cific e s t rogen-b ind ingpro te ins ,  possess ing  some of the p r o p e r t i e s  cha rac t e r i s t i c  of r e c e p t o r s ,  were  found 
prev ious ly  in the cytosol  and nuclei  of r a t  l iver  cel ls  [1, 4, 6, 10]. Frac t iona t ion  of the cy toplasmic  f rac t ion  
of the l iver  showed, however ,  that  the population of these  pro te ins  is he terogeneous:  in r a t s  there  a r e  at leas t  
four  es t rogen-binding  components  which differ  in s ize and in the kinetic p a r a m e t e r s  of in teract ion with e s t r a -  
diol (E2) [2, 3]. W e l l - m a r k e d  sex d i f fe rences  in the r ep resen ta t ion  of these  components  also were  found in the 
animals;  the d i f fe rences  d i scovered  a re  par t ly  de te rmined  by the function of the gonads [3]. 

In this invest igat ion an a t tempt  was made to answer  the following questions:  1) a re  specif ic  e s t rogen-  
binding pro te ins  p r e s e n t  in the l iver  not only of r a t s ,  but also of an imals  of o ther  species ;  2) is the he t e ro -  
geneity of the E2-binding pro te ins  of the l ive r  a fea ture  confined to r a t s  or  is it more  genera l  in charac te r ;  3) 
a re  the sex d i f fe rences  in E2-binding pro te ins  in the l iver  found in r a t s  cha r ac t e r i s t i c  of m e m b e r s  of other  
spec i e s  of rodents  a l s o ?  The ans wer s  to these  quest ions ,  in the w r i t e r ' s  opinion, could make  a definite con-  
t r ibu t ion  to the d i s cove ry  of the ways whereby  these  hormona l  inf luences media ted  by es t rogen-b inding  p r o -  
te ins  a re  r e a l i z ed  in the l iver .  

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

Sexually ma tu re  male  and female  ra t s ,  mice ,  guinea pigs and, in some exper iments ,  rabbi ts  of mixed 
populat ions were  used. All the pr inc ipa l  s tages  of the work were  descr ibed  previous ly  [3]. A br ie f  de sc r i p -  
tion of the methods used is given below. The l iver  was per fused  with cold 0.9% NaC1 solution and homogenized 
in 10 mM Tris-HC1 buffer  (pH 7.5) containing 1.5 mM EDTA, 10 mM KC1, and 6 mM dithiothreitol .  The 
homogenate  was centr i fuged at 105,000g for  1 h. To de te rmine  the total  binding of E 2 aliquots of the superna-  
rant f rac t ion  ~0-30  mg p r o t e i n / m l )  o r  blood s e r u m  in a volume of 1 ml  we re  incubated for  1.5 h with 1-2 ng 
of 1 7 f l - e s t r a d i o l - 6 , 7 J H  (E2-3H) with a specif ic  radioact iv i ty  of 44 C i / m m o l e .  To de te rmine  nonspecif ic  bind- 
ing, toge ther  with E2-3H, 400 ng of unlabeled E 2 also was added. In the expe r imen t s  to study the kinet ics  of 
d issocia t ion  of h o r m o n e - p r o t e i n  complexes  the cytosol  was incubated with E2-3H for  45 min, a f te r  which the 
incubation continued for  a fu r the r  45 rain in the p r e sence  of 400 ng of unlabeled E 2. At the end of incubation 
s amp le s  we re  applied to a column (1.6 x 30 cm) of Sepharose  6B, p rev ious ly  ca l ibra ted  against  s tandard p ro -  
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Fig. 1. Elution prof i les  of estradiol-3H with 
prote ins  of l iver  eytosol  of different  species  
of rodents  f r o m  Sepharose 6B columns.  A) 
Female  rats ;  B) male  ra ts ;  C) male mice;  D) 
female  guinea pigs. 1) Cytosol incubated with 
E~-SH only for  1.5 h; 2) cytosol  incubated for  
45 min with E2-3H, excess  unlabeled E 2 added, 
and incubation continued fo r  a fu r the r  45 rain; 
3) cytosol incubated simultaneously with E2-3H 
and excess  of unlabeled E2 fo r  1.5 h. Abscissa ,  
rat io of elution volume (V e) and the f r ee  volume 
of the column (V0): o rd ina te ,  radioact ivi ty (in 
c p m / m l  �9 10-3L The resu l t s  given in C and D 
are  analogous to those obtained for  individuals 
of the opposite sex. 

te ins.  F o r  elution (0.3 m l / m i n )  the same buffer  was used as for  homogenization,  with the exception of the di- 
thiothrei tol .  The content of radioact ivi ty was de te rmined  in the f rac t ions  of eluate.  Each exper iment  was r e -  
peated th ree  to five t imes .  

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

Elution prof i les  of complexes  of E2-3H with cytoplasmic l iver  prote ins  of the th ree  species  of rodents  
f rom Sepharose 6B columns are  i l lus t ra ted  inFig.  1. Clear ly  in all cases  peaks of E2-3H bound by prote ins  
were  d i scovered  and these were  par t ly  o r  complete ly  suppressed  by an excess  of unlabeled hormone.  It could 
accordingly be concluded that these  pro te ins  have a l imited capacity fo r  E2 and, in all probabil i ty,  have re la -  
t ively high affinity. In the l iver  cytosol  of animals  of all th ree  species  there  is not one, but two o r  th ree  (not 
counting heavy aggregates ,  excluded f rom the column) specif ic  E2-binding components,  which differ  in size.  
A specif ic  E2-binding component with a Stokes' radius  (a) of 6-7 nm (Ve/V0 -~ 1.4) was d i scovered  in both fe-  
male and male ra ts ,  mice,  guinea pigs, and also rabbits .  This component was easi ly  sa tura ted  with hormone 
(Fig. 1, curve  3) and bound it f i rmly  (Fig. 1, curve  2). In ra t s  considerable  sex d i f ferences  were  found in the 
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o c c u r r e n c e  of the o the r  specif ic  es t rogen-b inding  pro te ins  (Fig. 1A, B). Meanwhile in mice  and guinea pigs no 
such sex  d i f f e rences  w e r e  found. On the o ther  hand, subs tant ia l  spec ies  d i f fe rences  o c c u r r e d  inthe content of 
these  p ro te ins .  The s y s t e m s  of es t rogen-b ind ing  p ro te ins  can usefully be  divided into two types  depending on 
the compos i t ion  of the l o w e r - m o l e c u l a r - w e i g h t  f o r m s  (a - 2.5 nm).  The f i r s t  t y p e -  the f ema le  r a t e  t y p e -  a lso  
was  c h a r a c t e r i s t i c  of ma le  and f em a l e  mice .  The dist inguishing f ea tu re  of this type of s y s t e m  was  that  it con- 
ta ined,  be s ides  pro te in  with a = 6-7 nm, only one o ther  E2-binding component  with a ~ 2.5 nm (Ve/V 0 ~-2.0). 
P ro t e in s  of th is  type,  as wel l  as the component  with a = 6-7  nm, a re  read i ly  sa tu ra ted  with hormone  and bind 
it f i r m l y  (Fig. 1A, C). The o the r  e s sen t i a l  f ea tu re  is that  the binding capaci ty  of the component  with a = 6-7 
n m  was  g r e a t e r  than the capaci ty  of the component  with a -~ 2.5 nm. The second type of s y s t e m  of e s t rogen -  
binding p r o t e i n -  the ma le  r a t  type - a l so  was  found in the l ive r  cytosol  of male  and female  guinea pigs.  This 
type was  c h a r a c t e r i z e d  by the p r e s e n c e  of two (not counting the component  with a = 6-7 nm) components  spe -  
c i f ical ly  binding E2, with a ~ 2.5 nm and under  2.0 nm (Ve/V 0 - 1.6).* Both components  we re  sa tu ra ted  with 
E 2. However ,  the component  with a ~- 2.5 rim, by con t ra s t  with the pro te in  with a < 2.0 nm and the o ther  e s t r o -  
gen-binding l ive r  p ro te ins ,  f o r m e d  a labile  bond with the hormone  (Fig. 1). It  should also be noted that  the 
binding capaci ty  of the component  with a -~ 2.5 nm was cons iderably  g r e a t e r  than the capaci ty  of the component  
with a = 6 -7  nm, espec ia l ly  in guinea pigs.  

To study whe ther  the E2-binding components  found in the l ive r  cytosol  a r e  the r e su l t  of contaminat ion of 
the cel l  p ro te ins  by impur i t i e s  f r o m  the blood, expe r imen t s  we re  c a r r i e d  out along s i m i l a r  lines but using 
blood s e r u m  f r o m  the s a m e  spec i e s  of an imals .  In these  e x p e r i m e n t s  no speci f ic  binding of E~-3H by the blood 
s e r u m  pro te ins  of any of the g roups  of an ima l s  was found. In eve ry  case  only nonspecif ic  binding of F_~-3H by 
p ro te ins  with a ~- 3.0 nm, not s u p p r e s s e d  by an e x c e s s  of unlabeled hormone ,  was d i scovered .  In all  p robabi l i -  
ty, this  binding was due to complex  fo rma t ion  between Ez-3H and albumin.  In addition, in the blood s e r u m  of 
ma le  and f ema le  guinea pigs  nonspecif ic  binding of the hormone  by a component  with a < 2.0 nm was found. 
The p ro te ins  spec i f ica l ly  binding E 2 detec ted  in the l i ve r  cytosol  of the an imals  studied a r e  thus cel l  p ro te ins  
and not analogs  in the blood s e r u m .  

It  can be concluded f r o m  these  r e su l t s  that  the he terogenei ty  of the E2-binding components  in the l iver  
cy tosol  is a re la t ive ly  un ive r sa l  rule .  The quest ion of the functional ro le  of these  components  r e m a i n s  un- 
answered .  It can be tenta t ively  sugges ted  that  at l eas t  some  of the E2-binding pro te ins  p e r f o r m  the role  of 
m e d i a t o r s  in the act ion of e s t r o g e n s  on the l iver ,  i .e. ,  that  they a r e  r e c e p t o r s  fo r  these  hormones .  The main 
c la imant  fo r  this  ro le  is the component  with a = 6-7 nm, detected in the l ive r  cytosol  of all  the groups  of ani-  
ma l s  studied. This  p ro te in  is evidently analogous to the 8S - r ecep to r s  of e s t rogens  in t a rge t  o rgans  [5]. It  
may t h e r e f o r e  be expected that  this  component  med ia t e s  those  hormona l  ef fec ts  that  a re  mos t  common to all 
sens i t ive  t i s sues .  The r e s u l t s  provide  addit ional  informat ion  on the poss ib le  role  of the E2-binding component  
of ma le  r a t s  with a ~-2.5 nm,  which the w r i t e r s  p rev ious ly  [3] cal led " spec i a l  es t rogen-b inding  protein" (SEBP). 
Roy et  aL [7, 8] found a p a r a l l . ~  in the changes in a2u-globul in  in r a t  urine,  which is synthes ized in the l iver ,  
and the androgen-es t rogen-b ind ing  pro te in  of the l i ve r  (probably identical  with SEBP) during individual develop-  
ment  and in the cour se  of va r ious  expe r imen ta l  p rocedu re s .  These  w o r k e r s  concluded f rom the i r  obse rva t ions  
that  the hormone-b ind ing  p ro te in  is a r e c e p t o r  fo r  s t e ro ids ,  media t ing the i r  act ion on a2u-globulin synthes is .  
The absence  of any analogous es t rogen-b ind ing  p ro te in  in the l iver  of mice ,  in which sex-dependent  excre t ion  
of p ro te ins  has  also been  shown to take p lace  [9], throws doubts on the val idi ty of the above hypothesis .  A 
m o r e  likely cause,  in the w r i t e r s '  view, of the above-ment ioned  pa ra l l e l  t rend in the changes in these  two p r o -  
te ins  is the s imi l a r i t y  (or identity) of the  m e c h a n i s m  of the i r  regulat ion.  As r e g a r d s  the functional ro le  of 
o the r  es t rogen-b ind ing  components  of the l iver ,  in format ion  at  p r e s e n t  avai lable  is insufficient  to allow any 
f i r m  suggest ions .  F u r t h e r  inves t igat ions  a r e  evidently r equ i red  into the p rob l em of spec ie s  and sex d i f fe rences  

in the act ion of e s t r o g e n s  on the l iver .  
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I N S U L I N - F O R M I N G A C T I V I T Y  OF M O N O L A Y E R  C U L T U R E S  

OF B O V I N E  F E T A L  P A N C R E A T I C  I S L E T  C E L L S  
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V. V. A b r a m o v a ,  a n d  B.  I .  S h a l ' n e v  

UDC 612.647.349.7-085.23 

The insulin concentration in the growth medium of pr imary monolayer cultures of bovine 
fetal pancreatic islet cells grown in the presence of a normal and increased (300 mg%) glu- 
cose content, was determined by a radioimmunologic method. A high glucose concentration 
led to increased secretion of insulin. The results  of the cytological study showed definite 
correlat ion between mitotic activity of the cells of the culture and the intensity of insulin 
secretion into the medium. KEY WORDS: monolayer culture; islet cells; insulin secretion; 
mitotic activity. 

A method of obtaining and growing monolayer pr imary cultures of bovine fetal pancreatic islet cells was 
described previously [1, 2]. It was shown that islets and more extensive areas  of monolayer, consisting of 
epithelial cells, a high proportion of which contain aldehyde-fuchsin-positive granules in their cytoplasm, are 
formed 3-4 days after  seeding of the cells. The addition of an increased concentration of glucose (final con- 
centration 300 mg%) to the culture medium led to degranulation of the cells after 24 h. These results indicate 
that the cells described above correspond in their  morphological character is t ics  to the B-cel ls  of the islets 
of Langerhans. 

This paper describes the results  of determination of the insulin-forming activity of cultures of bovine 
fetal pancreatic islet cells at different t imes of culture and under part icular  experimental conditions. 

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

Monolayer cultures of islet cells were obtained from the pancreas of 4-6-month bovine fetuses with the 
aid of solutions of collalytin and trypsin [1, 2]. Cultures were grown in Carrel '  s dishes and flasks of various 
sizes, and also in penicillin flasks with coverslips.  The medium was changed 2-3 days after  seeding. The 
insulin concentration in the culture medium was determined by a radioimmunologic method using kits from 
the f irm CEA-IRE-Sorin. The limit of sensitivity of the method in these experiments was 5 microuni t s /ml  
medium. The cultures of islet cells were fixed at appropriate times of the experiment with 96~ ethanol, 
stained with hematoxylin-eosin or aldehyde-fuchsin, and examined cytologically. 

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

A. Hormonal Activity of the BovIne Fetal Pancreatic Cell Cultures. In the f i rs t  stage of the work mixed 
monolayer cultures were obtained in which the contribution of the B-cells  did not exceed 8-10%. In such cul- 
tures from the very beginning there were many fibroblasts,  proliferation of which inhibited proliferat ion of 
the cells by the 10th-15th day after  seeding. On the 3rd-5th day of culture (1-3 days after  changing the medium 
199 with a normal glucose concentration for  the same fresh medium) the insulin concentration in the culture 
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