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In s eve ra l  l abo ra to r i e s  ana lys i s  of  the reac t ion  of cel l  nuclei and DNP ex t rac t s  f rom animal  t i s sues  to 
added histones is used as an or iginal  approach to the study of the s t ruc tu ra l  organizat ion of chromat in  [1, 3, 
8, 10-12]. The idea behind these  invest igat ions was the suggest ion that  ch romat in  can bind a s t r i c t ly  l imited 
quantity of r e p r e s s o r  histone molecu les  e i ther  because  it contains act ive  genes  u n r e p r e s s e d  by histones or  
because  individual phosphate groups  of DNA of all genes  of  the c h r o m o s o m e s ,  by v i r tue  o r  some as yet un-  
explained necess i ty ,  r e m a i n  f ree  f rom binding with prote in  amino groups  of chromat in .  However ,  data so fa r  
obtained have led some  worke r s  to question the basic  assumpt ion  and to sugges t  that  histones bind, not with 
DNA of chromat in ,  but with its prote in  component  [1, 10, 11]. L a t e r  work  [3, 12] has not r e so lved  this co n t r a -  
diction, but the conclusion has been drawn that  the ex t r a  his tones in the ch romat in  p repa ra t ions  which they 
used were  bound with DNA. 

In the works  ci ted above [1, 3, 8, 10-12] no a t tempt  was made to analyze the poss ib i l i ty  that  in te r re la t ions  
between m a c r o m o l e c u l a r  components  of ch romat in  could be r eo rgan ized  by the bound his tones.  It  is not known 
whether  individual f rac t ions  of to ta l  ch romat in  his toae show any p re f e r ence  for  binding with chromat in ,  such 
as they do when they bind with DNA [9]. The quest ion of how the prote in  composi t ion  of ch romat in  changes 
on the addition of an excess  of to ta l  histone has not been studied, although it is impor tan t  to know this in the 
light of views on the existence of an extrachromosomal pool of histones in cell nuclei [5, 7]. 

In the investigation described below an attempt was made to make good these gaps in the modern under- 
standing of chromatin. 

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

Chromat in  p repa ra t ions  were  i so la ted  f rom ca l f  thymus  [13]. Total  histone was ex t rac ted  f rom the 
ch romat in  p repara t ions  with 0.4NHC1. The DNA concent ra t ion  was m e a s u r e d  by Sp i r in ' s  method [2] and the 
prote in  by L o w r y ' s  method [6], using for  ca l ibra t ion  a solution of bovine s e r u m  albumin (from Merck,  West  

l~ =6.67. The ch romat in  p repa ra t ions  (CDN A = Germany},  made  up on the bas i s  of  an extinction coeff icient  E 2~ nm 
100 p g / m l )  were  mixed  with an equal volume (4 ml) of the histone solutions in different  concentra t ions  in 
0.7 m M  Na-phosphate  buffer ,  pH 7.0. The m i x t u r e s  were  incubated for  12 h at 4~ and centr i fuged for  8 h 
on an L-2 -65B centr i fuge (from Beckman ,  USA), with 40.3 ro to r ,  at  40,000 r p m .  The r e s idues  were  washed 
with dist i l led wa te r  to r e m o v e  t r a c e s  of  f r ee  histone and the i r  prote in  composi t ion was analyzed by e l e c t r o -  
phores i s  [4], a f t e r  p r e l i m i n a r y  de te rmina t ion  of the protein/DNA ra t io .  

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

Pro te in /DNA ra t ios  were  ob ta inedby  analys is  of DNP complexes ,  f o r m e d b y  addition of different  quanti t ies 
of total  prote in  to the ch romat in  p repa ra t ions ,  and sed imented  by centr i fugat ion.  As Table  1 shows, the 
ch romat in  comple te ly  bound all total  histone f rac t ions  if the htstone was added in an amount equivalent  by 
weight  r e l a t ive  to DNA. If  twice the quantity of total  histone was added, a ce r t a in  pa r t  of it did not take par t  
in complex  fo rmat ion  with chromat in .  This  implies  sa tura t ion  of the functional groups of the chromat in  that  
a r e  capable  of binding histones.  However ,  on the addition of fu r the r  total  histone to the chromat in ,  a nucleo-  
pro te in  complex with a higher pro te in  content was fo rmed .  
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TABLE ! .  C h a r a c t e r i s t i c s  of  DNP Complexes  F o r m e d  in Mixtures  of Chromat in  and Total  
Histone 

Protein/DNk Added histone/DNA of chromatin 
in DNP I 
complexes 0 ] l 2 3 4 5 6 s 10 20 a0 40 

I 

I 1,30 2,32 2,46 3,10 3,27 2,96 3,24 3,03 2,95 2'44 r 2,44 2,23 

I 

lI 1,22 2,29 2,79 2,86 2,96 3,10 3,18 3,21 2,80 2,82 ] 2,5 2,46 

Legend.  E xpe r imen t s  c a r r i e d  out on chromat in  p r e p a r a t i o n s  were  obtained f r o m  the thymus of 
different  ca lves  (protein/DNA ra t ios  1.30 and 1.22); different  p repa ra t ions  of total  histone 
were used. 

This impor tan t  aspec t  of histone binding with ch romat in  fai led to engage the at tention of previous  in-  
ves t i ga to r s .  Nev e r t he l e s s ,  the cause  of the phenomenon m a y  natural ly  be sought in the fact  that  sa tu ra ted  
nucleoprote in  complexes  fo rmed  in m i x t u r e s  of ch romat in  with different  quanti t ies of total  histone d i f fer  in 
t he i r  p ro te in  composi t ion .  If eh romat in  prote ins  and, in pa r t i cu l a r ,  his tones have different  values of  the ra t io  
of weight of  the pro te in  molecu le  (M) to the number  of  functional groups  (N) capable  of binding with DNA (and 
this  ac tua l ly  is the ea se  [9]), s a tu ra t ed  nucleoprote in  complexes  differing in prote in  composi t ion  will be 
c h a r a c t e r i z e d  by different  values  of the protein/I)NA ra t io ,  which can be e x p r e s s e d  as follows: 

Protein Mprotein/N 
DNA- -- Mnucleotid e 

The  r e su l t s  of  e l ec t rophore t t c  ana lys i s  of  the res idues  obtained a f t e r  centr i fugat ion of m i x t u r e s  of  
ehromat in  solut ions of equal concent ra t ion  with equal volumes of solutions of  total  histone in different  concert-  
t r a t tons  a r e  given in Fig.  1. They show that  if total  histone was added to ch romat in  in twice  the equivalent  
quantity r e l a t ive  to DNA, the ch romat in  los t  i ts  histone H1. If a suff iciently l a rge  quantity of to ta l  histone 
was added to the  chromat in ,  a nucleoprote in  complex  containing only histories H3 and H4 was fo rmed  in the 
mix tu r e .  These  facts ,  es tab l i shed  for  the f i r s t  t ime ,  compel  a new look at the r e su l t s  of  previous  invest igat ions 
along the s a m e  l ines .  

A complex  of histone with ex t ra  hts tones is known to contain histories that  a r e  l e s s  f i r m l y  bound than 
the his tones of ch romat in  p rope r  [1, 11]. This  sugges ted  that  histories added to ch romat in  a re  bound, not with 
phosphate  groups  of DNA, but with carboxyl  groups  of pro te ins ,  and that  the ex t ra  histories a re  t h e m s e l v e s  
weakly bound [1, 11]. Phi l l ips  [11] showed that  hts tones H2A and H2B a re  ex t rac ted  f rom the total  h i s t o n e -  
eh romat in  complex  on the addition of an amount  of  HCI which cannot d i s soc ia te  even the l eas t  f i rm ly  bound 
htstone H1 in the or iginal  chromat in .  It will be c l e a r  f rom Fig. 1 that  an inc rease  in compet i t ion between 
histones for  DNA with an inc rease  in the i r  concentra t ion  in the chromat tn  solution leads to comple te  d i sp l ace -  
ment  f rom the ch romat in  init ially of histone H1, and l a t e r  of histories H2A and H2B. It might  be supposed that  
d i sp lacement  of the intr insic  histories of ch romat in  can take place only through the action of f rac t ions  H3 and 
H4 f rom the added histone,  and that  the remain ing  f rac t ions  a r e  l ess  f i r m l y  bound than the intr insic  historic 
H1 of ch romat in .  In that  case ,  on addition of a quantity of total  pro te in  suff icient  to displace  all the histone H1 
f rom its complex  with DNA to the ch romat in  (ratio of added histories to DNA 3: 1), all  the f rac t ions  H1, H2B, 
and H2A of the added historic ought to be p re sen t  in the supernatant .  But this did not occur .  As Table  1 shows, 
28-32% of pro te in  r em a i ned  in the superna tan t  of this c h r o m a t i n - h i s t o n e  mix tu re .  This  is much less  than the 
expected  quantity of pro te in  if  the prev ious  assumpt ion  was fulfi l led. Accordingly it can be ca tegor ica l ly  
a s s e r t e d  that  the histories added to the ch romat in  a r e  not a t tached by labi le  bonds to chromat in  which has p r e -  
s e r v e d  its no rma l  s t r u c t u r e ,  as was cons ide red  p rev ious ly  [1, 10, 11], but they r eo rgan i ze  the DNA--histone 
re la t ions  in the chromat in ,  by weakening the bonds between them.  As a r e su l t  the histories begin to d i ssoc ia te  
f rom DNA under  m i l d e r  condit ions,  although the o r d e r  of t he i r  d issoc ia t ion  r ema ins  the s a m e  [11]. 

I t  is a lso c l e a r  that  his tones added to ch romat th  bind with DNA. Otherwise  they eouId not have displaced 
the in t r ins ic  histories of  the ch romat in .  This  conclusion is suppor ted  by data of C l a r k  and Fe lsenfe ld  [3], 
obtained by t i t ra t ing  phosphate  groups  of DNA in ch romat in - -h i s tone  complexes  with 54Mn++ ions, and data 
showing reduced acces s ib i l i t y  of  eh romat tn  DNA to DNases  in the p r e s e n c e  of ex t r a  histories [3, 8]. The  r e su l t s  
obtained by Paul  and More  [10], who used  toluidine blue to t i t r a t e  DNA phosphate  groups  in ehromat in ,  a r e  
an exception: They concluded that  addition of hts tones to ch rema t in  does not reduce  the number  of phosphate 
g roups  acces s ib l e  for  binding with the dye, and for  that  r e a s o n  the histories bind exc lus ive ly  with eh romat in  
pro te in .  It  has been pointed out [3] that  the conclusion g iven above [10] m a y  be i n c o r r e c t  because  of the diff i-  
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Fig. 1. Electrophoretic analysis of 
residues obtained by centrffugation of 
c h r o m a t i n -  total histone mixtures in 
0.7 mM Na-phosphate buffer, pH 7.0. 
Histene/chromatin DNA ratio in mix-  
tures:  1) 0; 2) 0.5; 3) 1;4) 2; 5) 3; 6) 
4; 7) 6; 8) 10; 9) 20; 10) 30; 11) 40. 

culty of interpreting quantitatively the results of dye experiments because of the presence of two types of 
binding sites for dyes on DNA. There  is yet another possible incorrect  interpretation of these experiments, 
which is that the dye could have grea te r  competitiveness in binding with DNA than with Mn ++. The dye could 
therefore  displace from DNA some histone amino groups on sites weakly bound with DNA, from which the 
mistaken conclusion could be drawn that the histones were bound not with DNA, but with the chromatin protein. 
The grea ter  competitiveness of the dye than of Mn ++ for binding with phosphates may be due to the fact that, 
as a surface-active substance, the dye affects interhistone interactions which, as the present writers  have 
shown [9], make an important contribution to the strength of the bonds of histones with DNA. 

The data described above on displacement of intrinsic histones of chromatin and on structural  reorgani-  
zation of chromatin by histones added to it are of great  importance for weighing up the data in the l i terature 
on the existence of an extrachromosomal histone pool in cell nuclei [5, 7]. The possibility cannot be ruled 
out that these histones exist in the nucleus in a deposited state, inaccessible for binding with DNA. 

One of us (V. D. Paponov) wishes to express his gratitude to G. P. Georgiev for discussing this paper. 
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