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The act ion of e s t rone ,  17f l -es t radiol ,  and e s t r i o l  on the deg ree  of binding of histones with 
DNA in recons t i tu ted  nucleohis tones and the effect  of these  hormones  on the rma l  dena tu r -  
ation of nuCleoproteins we re  studied. Es t rogens  in concentra t ions  of 10 -5 M were  shown 
not to change the prote in /DNA ra t io  by weight in par t ia l ly  reconst i tu ted  Fi,  F2a, F2b, and 
F 3 nucle0his tones and in total  nucleohis tone recons t i tu ted  f rom DNA and an equimoiar  
complex  of his tones F2a, F2b ~, and F 3. T r e a t m e n t  with e s t r o g e n s  in the above-ment ioned 
concent ra t ion  does not change the met t ing  point of any of the nucleohistones studied. The 
effect  of e s t rogens  on t he rm a l  denatura t ion of total  nucleohistone and of par t i a l ly  r econ-  
s t i tuted nucleohistones F2a, F2b, and F 3 cons i s t s  of an i nc rea se  in the hyperehromic  ef -  
fect  of the f i r s t  phase  of mel t ing  and a cor responding  d e c r e a s e  in the h y p e r e h r o m i c  e f -  
fec t  of the o ther  phases .  Es t rogens  did not change  the t he rma l  denaturat ion prof i le  of 
pa r t i a l ly  recons t i tu ted  nueleohistone F i. 
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Af ter  admin is t ra t ion  in vivo es t rogens  i nc rea se  the amount  of mRNA avai lable  fo r  t r ansc r ip t ion  f r o m  the 
DNA templa t e  ~nd consequently i n c r e a s e  pro te in  b iosyn thes i s  in t a rge t  ce l l s ,  thereby causing growth of the 
u te rus  [1, 3]. The f ac t  that  17B-est radiol  can be ex t rac ted  f r o m  c rude  and purif ied p repa ra t ions  of ehromat in  
f r o m  the u terus  of es t rogen- induced  ra t s  is evidence that  the hormone  is  incorpora ted  into the composi t ion  
of the eh roma t in  [8]. Although es t rogens  have ve ry  low affinity and low specif ic i ty  fo r  DNA [15], they have 
been  shown to f o r m  a s tab le  complex  in v i t ro  with the bas ic  pro te ins  of chromat in  [2]. Compar i son  of all  the 
data  sugges t s  that  e s t rogens  may  ac t  on the s t ruc tu ra l  and functional organizat ion of nuele6proteins.  

The objec t  of this invest igat ion was to study the act ion of e s t rogens  on the degree  of binding of his tones  
with DNA and to ana lyze  the  ef fec t  of  these  ho rmones  on t h e r m a l  denaturat ion of the reconst i tu ted  nucleohis-  
tones.  

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

The 17fl-es t radiol ,  e s t rone ,  and es t r io l  used in the exper iments  we re  f rom Calbiochem (USA}, and the 
cal f  thymus DNA was type I f r o m  Sigma (USA). 

Calf thymus his tones were  isolated and f rac t iona ted  by the method of Johns [5]; the pur i ty  of the histone 
f rac t ions  was ve r i f i ed  by e l ec t ropho re s i s  in po lyac ry t amide  gel, pit  4.3 [9]. 

Nucleohis tones were  recons t i tu ted  by  s tepwise  d i a lys i s  in an NaC1 concentra t ion  gradient  (from 2 to 0.15 
M; all solut ions contained Tr i s - t tC1 ,  pit  7.0). Individual histone f rac t ions  dissolved in 2 M l~aC1 o r  an equi-  
m o l a r  mix tu re  of histories F2a, F2b, and F 3, made  up in the s a m e  solvent ,  we re  added in the requi red  p ro p o r -  
t ions by  weight to a solution of DNA in 2 M NaC1. The or iginal  concentra t ion  of the  DNA solution was 180 
#g/ml  and the p ro te in  concent ra t ion  did not exceed 800 ~g /ml .  The or ig ina l  ra t io  of histone/DNA by weight 
was 1.5 for  all  the recons t i tu ted  nucleohistones except  pa r t i a l  nucleohistone F l, fo r  which this ra t io  was 1. 
The sa l t  concentra t ion  in the recons t i tu t ion  medium was reduced succes s ive ly  by a s e r i e s  of d ia lyses  for  3 h 
a t  4~ agains t  1 l i t e r  of the cor responding  solvent.  The prote in/DNA ra t io  was e s t ima ted  in the resu l t ing  
p r epa ra t i on  of recons t i tu ted  nucleohis tone by de te rmin ing  the pro te in  concentra t ion by L o w r y ' s  method [7] and 
the DNA concent ra t ion  by the opt ical  densi ty  (D) at 260 nm. Pro te in  not bound with DNA in the cour se  of r e -  
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Constitution was s epa ra t ed  f r o m  the nucleoprote in  by ge l - f i l t r a t ion  on Sephadex G-75. The t rue  histone/DNA 
ra t io  in the p repa ra t ion  was ca lcula ted  f r o m  the DNA and pro te in  content in the sample  cor responding  to the 
m a x i m u m  on the nucleohistone elution prof i le .  

To study the act ion of e s t rogens  on the deg ree  of binding of histone~ with DNA in the reconst i tu ted  nu- 
c leohis tones  an alcoholic solution of es t rone ,  es t r io l ,  o r  17fl-estradiol ,  in a concentra t ion of 10 -5 M, was 
added to 1 ml  of nucleohis tone solution. The alcohol concentra t ion  in the s amp le s  dod not exceed 5%. The 
resul t ing  mix ture  was s t i r r e d  and kept  at 4~ fo r  12 h. The nucleohistone t r ea ted  with the hormone  was then 
f rac t iona ted  on Sephadex G-75 as desc r ibed  above. 

Intact  and  e s t r o g e n - t r e a t e d  p r epa ra t i ons  of nueleohis tones,  cha rac t e r i zed  by r e f e r e n c e  to the i r  s to ich-  
iome t r i c  prote in /DNA ra t io  in the cou r s e  of f rac t ionat ion,  were  subjected to t he rma l  denaturat ion (melting).  
The recons t i tu ted  nucleohistones were  mel ted  in a 1 , c m  qUartz cuvet te ,  in which the solution was heated f r o m  
30 to 96~ and the change in D at  260 nm was r eco rded  eve ry  2~ a f t e r  p r e l i m i n a r y  exposure  for  5 min to the 
a s s igned  t e m p e r a t u r e .  The mel t ing point of the nucleohistone (mp) was de te rmined  as the t e m p e r a t u r e  c o r r e -  
sponding to half  of  the h y p e r c h r o m i c  effect  obtained dur ing  the i r  denaturat ion.  To identify the t rans i t ional  
zone on the mel t ing prof i le  the de r i ved  mel t ing  curve  was plottedl F o r  this purpose  the t e m p e r a t u r e  der iva t ive  
of D was found by the equation 

~260 r-,260 
dD . = . ~ r §  . 

T 2 

The t rans i t iona l  zone between the mel t ing  phases  co r responded  to the t e m p e r a t u r e  at  which the t e m p e r -  
a tu r e  de r iva t ive  D was min imal .  

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

Values of the s to i ch iomet r i c  r a t io  of his tone/DNA fo r  intact  and e s t r o g e n - t r e a t e d  recons t i tu ted  nucleohis-  
tones in a concent ra t ion  of 10 -5 M did not change the prote in /DNA ra t io  by weight for  any type of individual 
nucleohistone.  Essen t ia l ly  es t rone ,  17fl-estradiol ,  and es t r io t ,  in the s a m e  concentrat ion,  did not affect  the 
deg ree  of binding of the complex  of his tones F2a, F2b, and F 3 with DNA in total  nucleohistone.  (The t e r m  
"total  nucleohistone" is applied to the nucleoprote in  recons t i tu ted  f r o m  DNA and an equ imolar  complex  of h i s -  
tones.)  Such nucleohis tone has  been shown to s imula t e  the s t ruc tu re  of native DNP [11]. 

However,  desp i te  the absence  of s to ich iomet r ic  changes in the nucleohistones t r ea ted  with es t rogens  the 
poss ib i l i t y  cannot  be ruled out that  these  s t e ro id s  cause  eonformat ionat  changes in nucleoprote ins .  C r i t e r i a  
of the s e c o n d a r y  s t r u c t u r e  of nueleohistones a r e  the p a r a m e t e r s  of the i r  t he rma l  denaturat ion,  i .e. ,  mp and 
hype rch romic  effect.  The addition of h is tones  to DNA in solution leads to the fo rmat ion  of DNP complexes  
that  a r e  m o r e  r e s i s t a n t  to t h e r m a l  denatura t ion than the nucleic acid.  This  is exp re s sed  as the appea rance  
of a second phase  on the mel t ing curve ,  the mel t ing point of which is much higher  than that of f r e e  DNA. The 
mel t ing  prof i le  of total  nucleohls tone cons is ted  of a t h r e e - p h a s e  curve ,  in a g r e e m e n t  with data obtained by 
o ther  w o r k e r s  [10, 14]. T r e a t m e n t  of all  types  of nucleohis tones studied in these  expe r imen t s  with es t rogens  
caused no change in the co r respond ing  mel t ing  points.  However ,  t r ea tmen t  with ho rmones  (es terone,  17fl- 
es t rad io l ,  o r  es t r io l )  changed the d is t r ibut ion  of the  total  hype rch romic  effect  among the phases  of melt ing of 
the individual nucleohis tones F2a, F2b, and F 3 and tota l  histone.  This  phenomenon was e x p r e s s e d  as an i nc rea se  
in the hype rch romic  effect  of the f i r s t  phase  of mel t ing  and a cor responding  d e c r e a s e  in the hyperehromic  ef-  
fec t  of the remain ing  phases  (Table 2). The magnitude of this red is t r ibu t ion  o f  the total  hype rch romic  effect  
v a r i e d  f r o m  31% (for nucleohis tone F2a t r ea t ed  with es t radiol)  to 11% (for nucleohistone F2b t r ea t ed  with e s -  
t r iol) .  Af te r  t r e a t m e n t  with es t rad io i  o r  e s t rone  the f r a c t i o n  of the  hyperchromiC effect  co r responding  to  the 
f i r s t  phase  of mel t ing  of total  nucleohistone was i nc rea sed  by  21% compared  with the f rac t ion  of the hy p e r -  
ch romic  effect  of the second and th i rd  phases .  By c o n t r a s t  with the remain ing  types  of reconst i tu ted  nucleo-  
his tones ,  the p rof i l e  of t h e r m a l  denatura t ion  of nucleohis tone F t, t r ea t ed  with es t rogens ,  was indist inguishable 
f r o m  the control .  

The changes in the t h e r m a l  denatura t ion  prof i le  of total  nucleohistone and of the par t ia l  nucleohistones 
F2a, F2b, and F 3 produced by e s t rogens ,  as. desc r ibed  above, may  be due, i t  can tenta t ively  be suggested,  to 
hormone- induced  modif icat ion of in terac t ion  between the components  of the nucleoprotein.  One resu l t  of this 
modif icat ion is an i nc rea se  in the total  length of the f r e e  segments  of DNA in the nucleohistone,  which can take 
p lace  during es t rogen-dependen t  d e r e p r e s s i o n  of the genome of t a r g e t  cel ls .  In teract ion of his tones F2a, F2b, 
and F3 with one another  in the compos i t ion  of DNP has  been  shown to de t e rmine  the subunit s t r u c t u r e  of the 
nuclechis tone [6]. According to the subunit model  of nucleohistone s t ruc tu re ,  DNA exis ts  in the subunits as a 
superhe l ix  [12]. It  may  be that  the es t rogen ,  with its inc reased  affinity for  hydrophobic regions ,  b reaks  the 
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weak histone-histone bonds (which are hydrophobic in nature) and so destabilizes the DNA superhelix. The 
absence of effects of estrogens during thermal denaturation of partially reconstituted nucleohistone F 1 con- 
firms this hypothesis. Some workers have expressed the opinion that the lysine-rich F 1 histones do not take 
part in the formation of the subunit structure of DNP [4, 13]. 
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