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A compara t ive  study was made of the composi t ion and phys icochemica l  p r o p e r t i e s  of 
the condensed and diffuse ch romat in  i so la ted  f r o m  cell  nuclei f r o m  the normal  r a t  l ive r  
and f r o m  the r egene ra t i ng  l i v e r  20 and 32 h a f t e r  p a r t i a l  (2/3) hepa tec tomy.  The r e su l t s  
showed that  a f t e r  20 h the RNA concentra t ion in the diffuse chromat in  was inc reased  by 
35%, re tu rn ing  to no rm a l  a f t e r  32 h. The RNA concentra t ion in the condensed chromat in  
was unchanged. The prote in  concentra t ion  in the diffuse chromat in  was  reduced by 20% 
af te r  20 h, r e tu rn ing  c lose  to no rm a l  a f t e r  32 h. The prote in  concentra t ion in the con-  
densed chromat in  was unchanged. By the 20th hour of r egene ra t ion  the compac tness  
of a r r a n g e m e n t  of the m a c r o m o l e c u l e s  in the diffuse chromat in  was  cons iderably  r e -  
duced, while in the condensed chromat in  it was  a lmos t  unchanged. It is concluded that 
the DNA in diffuse chromat in  p o s s e s s e s  g r e a t e r  s t e r eochemica l  access ib i l i ty  at  the 
20th hour of r egenera t ion .  

An impor tan t  index of r egene ra t ion  of organs  in higher  an imals  is the t e m p o r a r y  sharp  act ivat ion 
of t empla te  act ivi ty  of the chromat in  of the cell  nuclei  which p r ecedes  ac t ive  mitot ic  cell  division[4],  An 
essen t i a l  pre lude  to the synthes is  of new RNAs on prev ious ly  r e p r e s s e d  gene loci ,  along with other  f ac to r s ,  
is modif icat ion of the s t ruc tu re  of the chromat in ,  but no expe r imen ta l  evidence is avai lable  on this ques -  
t ion. The nuc lear  ch romat in  can ex is t  in two s ta tes :  condensed (he terochromat in)  and diffuse (euchro-  
mat in) .  These  types  of ch romat in  di f fer  both in the i r  s t r u c t u r e  and in the i r  act ivi ty  of RNA synthes is  (the 
diffuse f o r m  is much  m o r e  active) [1, 2, 6]. 

In the invest igat ion desc r ibed  below an a t t empt  was  made  for  the f i r s t  t ime  to compa re  the compo-  
si t ion and phys icochemiea l  p r o p e r t i e s  of these  f rac t ions ,  which r e f l ec t  the i r  connection with the change 
in genetic act ivi ty  of the ce l l s  during r egene ra t ion  of the r a t  l i ve r  a f t e r  par t i a l  (2/3) hepa tec tomy.  

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

Noninbred male  r a t s  weighing 160-180 g were  used in the expe r imen t s .  In the exper imen ta l  an imals  
two- th i rds  of the l i ve r  was  r e m o v e d  by the method of Higgins and Anderson [7], and the an imals  were  de -  
capi ta ted 20 and 32 h l a t e r .  These  t imes  w e r e  chosen as the mean  m a x i m u m  of DNA synthes is  (20 h) and 
the m a x i m u m  of mitot ic  act ivi ty  (32 h). The mean  mitot ic  coeff icient  de te rmined  at these  t imes  was 0.03 
and 1.95%. A mock  opera t ion  was  p e r f o r m e d  on the control  r a t s  which w e r e  sac r i f i ced  at  the s ame  t imes  
as the expe r imen ta l  an imals .  All manipula t ions  were  c a r r i e d  out in a cold r o o m  at +2~ 

Nuclei  we re  isolated f r o m  the l i ve r  cel ls  of the control  and expe r imen ta l  an ima l s  by Chauveau, s 
method [5], a f t e r  which whole chromat in  and its f r ac t ions  (condensed and diffuse) we re  obtained f r o m  the 
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TABLE i. Concentrations of Nucleic Acids and Protein in Chro- 

matin and Its Fractions Isolated from Cell Nuclei of Normal Rat 
Liver and of Liver Regenerating 20 and 32 h after Partial Hepatectomy 

Time DNA(in ]after op- RNA (in Protein Protein 
Chromatin State of liver }eration rag/rot) 9 of (in 

Kin h) , DNA) mg/ml) DNA 

7hole Normal I, 03 9, 9 2,33 2,26 
Regeneration 20 0,75 14,2 1,63 2, 17 

32 0,83 11,5 1,98 2,38 

:ondensed Normal I 1,37 6,0 3, 19 2,32 
Regeneration ] 20 1,07 5,6 2,52 2,35 

32 1,01 5,9 2,27 2,24 

Diffuse Normal 
Regeneration 20 

32 

0,62 
0,70 
0,64 

17,0 
23,0 
19,5 

1,66 
1,48 
1,65 

2,67 
2,11 
2,57 
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Fig. I. Relative length of fibers of chromatin and its fractions isolated from 
nuclei of normal and regenerating rat liver as a function of temperature. Here 
and in Fig. 2: I) whole cl~comatin; If) condensed chromatin; Ill) diffuse chro- 
matin; N) from normal liver; 20 h) from regenerating liver 20 h after partial 
hepatectomy; 32 h) from regenerating liver 32 h after hepatectomy. 

Fig. 2. Curves of structural changes in fibers of ch_vomatin and its fractious 
isolated from nuclei of the normal and regenerating rat liver in the region 
of the "helix-coil" transition of DNA. 

nuclei by Frenster's method [6]. All the fractions were dissolved in 0.7 M NaCI and the DNA and RNAcon- 
centrations in them were determined spectrophotometrically after separation by the method of Schmidt and 
Thannhauser [9]. The protein concentration was determined by Lowry's method [8]. 

To investigate the physicochemical parameters of the chromatin and its fractions isolated from the 
liver at different times after partial hepateetomy, a thermomechanical method was used [3]. In this way 
it is possible to obtain information on the helix-coil transition of DNA molecules in the ehromatin and on 
the character of interaction between the DNA and protein molecules in the supramolecular structure in a 
medium of physiological ionic strength. 

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

The r e s u l t s  of a s tudy  of the  c h e m i c a l  c o m p o s i t i o n  of whole  c h r o m a t i n  and i t s  f r a c t i o n s  f r o m  the  n o r -  
rea l  l i v e r  and  20 and 32 h a f t e r  p a r t i a l  h e p a t e c t o m y  d u r i n g  r e g e n e r a t i o n  a r e  g iven  in T a b l e  1. 

A n a l y s i s  of the  r e s u l t s  g i v e n  in T a b l e  1 shows  t ha t  in the  n o r m a l  l i v e r  the  RNA c o n c e n t r a t i o n  (as  a 
p e r c e n t a g e  of DNA) w a s  h i g h e s t  of  a l l  in the  d i f fuse  c h r o m a t i n ,  and t ha t  a f t e r  r e g e n e r a t i o n  fo r  20 h the  RNA 
c o n c e n t r a t i o n  in the  d i f fuse  c h r o m a t i n  was  35% h i g h e r  than  n o r m a l ,  and i t  r e t u r n e d  c l o s e  to n o r m a l  a f t e r  32 h. 
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The RNA concentra t ion in condensed chromat in  showed v i r tua l ly  no change in the course  of r egen -  
e ra t ion .  The pro te in  concentra t ion re la t ive  to DNA in the no rma l  l i ve r  was highest  in diffuse chromat in .  
Af ter  20 h the prote in  concentra t ion in the diffuse chromat in  was reduced by 20%, and it r e tu rned  close to 
no rma l  a f t e r  32 h. In the condensed chromat in  the prote in  concentra t ion re la t ive  to DNA was  a lmos t  un- 
changed. 

Invest igat ion of the s u p r a m o l e c u l a r  s y s t e m s  of chromat in  and its f rac t ions  during regenera t ion  by 
a t he rmomechan i ca l  method provided for  the f i r s t  t ime data on the phys i c . chemica l  p r o p e r t i e s  of condensed 
and diffuse ehromat in  in a med ium of physiological  ionic s t rength .  As the cu rves  given in Figs .  1 and 2 
show, during r egenera t ion  the compac tness  of a r r a n g e m e n t  (supercoi l ing,  possibly)  of the m a c r o m o l e c u l e s  
in the diffuse ch romat in  s y s t e m  20 h a f t e r  the opera t ion was  cons iderably  reduced,  as shown by an inc rease  
in ampli tude of the mel t ing of this f rac t ion  f r o m  55% (normal)  to 67%. By 32 h a f t e r  the opera t ion the a m p -  
litude of mel t ing  of the diffuse ch romat in  was  reduced to 42%, indicating a m o r e  compact  a r r a n g e m e n t  of 
the diffuse chromat in  even than under  no rm a l  condit ions.  The condensed chromat in  changed only slightly 
dur ing regenera t ion ,  as r e f l ec ted  in a v e r y  sl ight tendency toward supercoi l ing 32 h a f t e r  the operat ion.  

It  can be concluded f r o m  these  r e s u l t s  that  s ignificant  s t ruc tu ra l  changes take place in the diffuse 
chromat in  f rac t ion  during regenera t ion ,  as  r e f l ec ted  in a change in the functional act ivi ty of the chromat in .  
This  ef fec t  is  due in all  probabi l i ty  to the g r e a t e r  s t e r e . c h e m i c a l  access ib i l i ty  of the DNA in the s t r u c -  
tu ra l ly  modif ied diffuse chromat in ,  and in addition to changes in the concentra t ion and quality of the p r o -  
te ins  bound with the DNA, it may probably  be under  the control  of condensation p r o c e s s e s .  
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