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By washing and subsequent  centr i fugat ion of r a t  l ive r  nuclei in med ium of low ionic s t rength  the 
ehromat in  can be separa ted  into two f rac t ions :  Chromat in  eluting into the superna tan t  and chro-  
mat in  f i r m l y  bound with the mat r ix .  The chromat in  f rac t ion  eluting into the supernatant  contains about 
60-70% of the or iginal  DNA and about 15~ of the or iginal  prote in .  It has a complete  set  of h is -  
tones and only a smal l  quantity of nonhistone pro te ins .  The RNA-synthes iz ing ability of chro-  
mat in  f i rm l y  bound with the ma t r ix  is 2-3 t imes  g r e a t e r  than that in the or iginal  nuclei.  Data 
on gradient  centr i fugat ion do not allow the inc rease  in uptake of label to be asc r ibed  en t i re ly  
to the approx ima te ly  equal lengthening of chains of synthesized RNA. The i nc rea se  in abil i ty 
to synthes ize  RNA is evidently due to the l a r g e r  number  of molecules  of RNA-po lymerase  pe r  
unit of DNA in the chromat in  f rac t ion  f i r m l y  bound with the ma t r ix .  Compar i son  of the resu l t s  
with data in the l i t e ra tu re  indicates  that the chromat in  f rac t ion  bound with the ma t r ix  is enriched 
with t r ansc r ibab le  genes .  
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The ma t r ix  plays an essent ia l  role  in the s t ruc tu ra l  organizat ion of nuclear  chromat in  [5]. Since s t ruc -  
t t lre and function of DNP p repa ra t ions  a r e  c lose ly  interconnected [1], i t  can be suggested that  d i f ferences  in 
the abi l i ty of c h r o m a t i a  f rac t ions  to be  sepa ra ted  f r o m  the m a t r i x  will co r r e spond  to d i f fe rences  in the i r  func- 
t ional s ta te ,  

The object  of this invest igat ion was to f rac t ionate  ehromat in  on the bas is  of the s t rength of its binding to 
the ma t r ix  and to study the ability of these  f rac t ions  to act  as t empla te  for  RNA synthes is .  

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

Nuclei were  isolated f r o m  ra t  l ive rs  at pH 7.4 as descr ibed  p rev ious ly  [3]. The nuclear  res idue was sus -  
pended in 10 mM T r i s - H c l ,  pH 7.4, 0.2 mM MgC12 (TM solution), with DNA p re sen t  in a concentrat ion of 1-3 
rng/ml ,  mixed for  5 rain, and centr ifuged for  20 rain at 2500 r p m  on the K-23 centr ifuge (East Germany) .  The 
res idue  was suspended in 20 mM T r i s - H C l ,  pH 7.4, 5 mM MgC12, 0.25 M sucrose ,  0.3 mM p-mercap toe thanol .  
Somet imes  the p rocedure  of washing in TM was repeated  s eve ra l  t imes .  RNA synthes is  in the nuclei was in- 
ves t iga ted  a t  low (5 mM MgC12) and high [0.2 M (NH4)2S Q ,  1 mM MnSO4] ionic s t rengths  [3]. Fo r  gradient  u l t r a -  
centr i fugat ion the reac t ion  of RNA synthes is  was stopped by the addition of Na dodecyl sulfate (DDS) to 0.1% 
DDS, 0.1 M NaC1, ] mM EDTA, 10 mM Tris-HC1,  pH 7.4. Sedimentation coefficients were  calculated by the 
method descr ibed  prev ious ly  [4]. E lec t rophores i s  of nuc lear  pro te ins  was ca r r i ed  out in 15~ po lyacry lamide  
gel [8]. The number  of nuclei was counted in a G o r y a e v ' s  chamber .  DNA and prote in  were  de termined as de- 
scr ibed  p rev ious ly  [3]. 

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

Washing and centr i fugat ion of r a t  l ive r  nuclei under  the conditions descr ibed  in the "Exper imenta l  Method" 
section,  depending on the intensi ty of mixing before  centrifugation,  led to the r emova l  of up to 60-70% of the 
or iginal  DNA and 10-20% of the or iginal  pro te in  f r o m  the superna tant .  E lec t rophore t i e  spec t r a  of prote ins  of 
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Fig .  i. E l e e t r o p h o r e t i e  s p e c t r a  of p r o t e i n s .  L e f t - p r o t e i n s  
of o r i g i n a l  nuc le i ;  r i g h t -  p r o t e i n s  Muting into s u p e r n a t a n t .  

T A B L E  1. C h a r a c t e r i s t i c s  of C h r o m a t i n  F r a c -  
t ion  F i r m l y  Bound with  M a t r i x  
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the o r i g i n a l  nucle i  and of t hose  Muting into the  s u p e r n a t a n t  a r e  g iven  in Fig .  1. They  show tha t  a l l  h i s t o m e s  
w e r e  p r e s e n t  in the  s u p e r n a t a n t  but  v i r t u a l l y  no nonh i s tone  p r o t e i n s .  On the  a d d i t i o n  of  up to 2raM MgC12 to 
th i s  f r a c t i o n ,  i n s t a n t a n e o u s  a g g r e g a t i o n  was  o b s e r v e d ,  e v i d e n c e  tha t  DNA in th i s  f r a c t i o n  was  a s s o c i a t e d  with  
h i s t o n e s .  Subsequen t  w a s h i n g s  enab led  a f u r t h e r  a p p r o x i m a t e l y  20% of DNA to be e x t r a c t e d  f r o m  the nuc le i ,  
but  i t s  a p p e a r a n c e  was  l a r g e l y  due to d e s t r u c t i o n  of  the nuc l e i .  U n d e r  t h e s e  c i r c u m s t a n c e s  n u c l e a r  nonh i s tone  
p r o t e i n s  a p p e a r e d  in the s u p e r n a t a n t .  

As T a b l e  1 (the r e s u l t s  of one t y p i c a l  e x p e r i m e n t )  show the R N A - s y n t h e s i z i n g  a b i l i t y  of the  c h r o m a t i n  
which  r e m a i n e d  f i r m l y  bound to the m a t r i x  a f t e r  s e v e r a l  w a s h i n g s  was  h i g h e r  than  tha t  of  the  o r i g i n a l  nuc l e i .  
It  i s  we l l  known tha t  v i r t u a l l y  a l l  R N A - p o l y m e r a s e  in the  nuc le i  is  a s s o c i a t e d  wi th  c h r o m a t i n ,  and that  i t  can  
be s e p a r a t e d  f r o m  the  c o m p l e x  on ly  a t  a l k a l i n e  pH va lues  o r  in a m e d i u m  with  high ion ic  s t r e n g t h  [6, 9]. The  
i n c r e a s e  in the R N A - s y n t h e s i z i n g  a b i l i t y  was  t h e r e f o r e  due e i t h e r  to  an i n c r e a s e  in the n u m b e r  of R N A - p o l y m -  
e r a s e  m o l e c u l e s  p e r  uni t  of DNA o r  to a change  in the  s u p e r s t r u c t u r e  of the c h r o m a t i n  a s  a r e s u l t  of r e m o v a l  
of the g r e a t e r  p a r t  of the  DNA. Since RNA s y n t h e s i s  is  c a t a l y z e d  by a l i m i t e d  n u m b e r  of e n z y m e  m o l e c u l e s ,  
e v i d e n t l y  a l r e a d y  a s s o c i a t e d  with  c h r o m a t i n ,  changes  in s u p e r s t r u c t u r e  eould  l ead  e i t h e r  to an i n c r e a s e  in the 
le~Nth of the RNA e h m n s  o r  to the  a p p e a r a n c e  of a d d i t i o n a l  i n i t i a t i on  s i t e s  on the e h r o m a t i n .  However ,  u n d e r  
the cond i t i ons  when v i r t u a l l y  no r e t n i t i a t i o n  t a k e s  p l a c e  (RNA s y n t h e s i s  in m e d i u m  of low ion ic  s t r e n g t h )  the  
It N A - s y n t h e s i z i n g  a b i l i t y  of the  e h r o m a t i n  f r a c t i o n  f i r m l y  bound wi th  the  m a t r i x  was  n e v e r t h e l e s s  much  g r e a t e r  
than t ha t  of the o r i g i n a l  nuc l e i .  

To a n a l y z e  the s e d i m e n t a t i o n  e o e f f i c i e n t  of the  s y n t h e s i z e d  RNA e x p e r i m e n t s  wi th  g r a d i e n t  u l t r a c e n t r t f u g a -  
2.1 t ion  w e r e  c a r r i e d  out.  As a r e s u l t  of the r e l a t i o n s h i p  M= 1550 S20w, an on a v e r a g e  2 - 3 - f o l d  i n c r e a s e  in t oo -  

l e c u l a r  we igh t  l e a d s  to an i n e r e a s e  of 1 .4 -1 .7  t i m e s  in  the  s e d i m e n t a t i o n  coe f f i c i en t .  H o w e v e r ,  in none of the  
e x p e r i m e n t s  was  the  s e d i m e n t a t i o n  e o e f f i c i e n t  i n c r e a s e d  by m o r e  than  1 .2 -1 .3  t i m e s .  

Consequen t l y ,  the  i n c r e a s e  in R N A - s y n t h e s i z i n g  a b i l i t y  of the c h r o m a t i n  bound to the  m a t r i x  was  due 
m a i n l y  to the  i n c r e a s e d  c o n e e n t r a t i o n  of R N A - p o l y m e r a s e  in th i s  c h r o m a t i n  f r a c t i o n  and not to an i n c r e a s e  
in the  ehain  length  of the newly  s y n t h e s i z e d  RNA. 

What  c a u s e s  s o l u b i l i z a t i o n  of  such  a high p r o p o r t i o n  of the  DNA in c h r o m a t i n ?  i t  m a y  be tha t  i t  is  the  
a c t i o n  of endogenous  n u e l e a s e s  [5], wh ich  a r e  m a i n l y  a s s o c i a t e d  wi th  h e t e r o c h r o m a t i n  [10, 11]. However ,  the  
p o s s i b i l i t y  canno t  be r u l e d  out  that  b r e a k s  f a c i l i t a t i n g  i ts  r e m o v a l  f r o m  the  nuele[  u n d e r  t h e s e  cond i t ions  a r e  
a l r e a d y  p r e s e n t  in DNA in vivo [12]. 

The  c h r o m a t i n  f r a e t i o n  f i r m l y  bound to the  m a t r i x  is  thus  e n r i c h e d  with  nonh i s tone  p r o t e i n s .  R N A - p o l y m -  
e r a s e  i s  a l s o  bound  to th is  s a m e  f r a c t i o n .  It is  we l l  known that  the  ac t i ve  e h r o m a t i n  f r a c t i o n  [1] is  e n r i c h e d  
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with nonhistone pro te ins  and newly synthesized RNA. On the other  hand, DNA repl ica t ion evidently begins with 
act ive  genes [7], but DNA rep l ica t ion  in fact  begins in the chromat in  f rac t ion  f i rmly  bound to the ma t r i x  [2, 5], 
which is r ich  in unique sequences  [2]. Compar i son  of the p r e sen t  r esu l t s  with the facts  descr ibed  above sug- 
ges t s  that the chromat in  f rac t ion  f i rm l y  bound to the ma t r ix  is enr iched with ac t ive ly  t r ansc r ibab le  genes.  
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U R E A  S Y N T H E S I S  I N  H E A R T  M U S C L E  
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Urea  fo rma t ion  by the isolated r a t  hea r t  was studied during per fus ion  with NH4C1 (10 raM), mix-  
tu res  of NH4C1 (10 raM)and L - a s p a r t i c  acid (10 mM) and L-orn i th ine  (2.5 raM)with L-a rg in ine  
(10 mM), L-g lu tamine  (10 raM), L-a lan ine  (10 mM), L- leuc ine  (5 raM), andpyruva te  (5 mM). The mos t  
effect ive ac t iva to r  of u r e a  synthes is  is NHtC1 and L-arg in ine ;  L- leucine  and pyruvate  have an 
inhibi tory act ion,  t t  was shown with the aid of the isotope I~N that  ammonia  fixation can t akep lace  
in the hea r t  t i s sue  through the fo rmat ion  of urea .  The quantity of 15N incorpora ted  into u rea  in- 
c r e a s e s  with an i nc rea se  in the concentra t ion of ammonium-15N ace ta te  in the per fus ion  fluid 
f r o m  1.6 to 3.4 mM. I sopro te reno l  nec ros i s  of hea r t  musc le  leads to a significant  i nc rease  in 
15 N incorpora t ion  into urea .  

KEY WORDS: urea;  synthesis ;  ammonia ,  amino acids .  

In format ion  in the r ecen t  l i t e r a tu r e  on the concentra t ion of u r e a  in the hea r t  musc le  and on its role  in 
ca rd iac  ac t iv i ty  is ex t r eme ly  l imited.  Most conclusions of the u rea  balance  in the hea r t  have been based on 
the study of the coronary  a r t e r iovenous  di f ference  [2-4, 10]. The following rule was obse rved  in this case :  
In the p r e s e n c e  of high concentra t ions  of u r ea  in co rona ry  blood (> 1 raM) it  was a s s imi la t ed  by the heart ,  
whereas  in the p r e s ence  of low concentra t ions  it was el iminated.  Hence it can be concluded that the exchange 
of u r ea  between the blood and hea r t  is de te rmined  by gradient .  

On the other  hand, there  is evidence that u r ea  can be fo rmed  in the hear t  i t se l f  [4, 13]; act ivi ty of en-  
zymes  of the ornithine cycle (arginase,  orthi thine c a r b a m o y l t r a n s f e r a s e ,  a rg in ine - succ inase )  has been found 
in homogenates  of the hear t  of man and an imals  [1, 2, 14, 15]. 

The connection of u rea  with m e t a b o l i s m  of other  ni t rogen-containing compounds in the hea r t  has been 
studied in [4, 5]. Invest igat ion of ni t rogen m e t a b o l i s m  in a group of pat ients  with i schemic  hea r t  d i sease  showed 
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