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The view that  the bonds between histone f rac t ions  and DNA differ  in s t rength  was fo rmula ted  some  t ime  
ago and has been genera l ly  accepted  for  a long t ime  [7, 10, 12]. F o r  that  r e a son  ac t ive  s ea rches  have been 
undertaken for  d i f fe rences  in the abil i ty of h is tones  to induce configurat ional  changes in DNA [12], to i n c r ea se  
the compac tness  of DNA [12, 15], and to influence the ro le  of DNA in t r ansc r ip t ion  [7, 15] and repl ica t ion  [6]. 
Models of nucleohistone have been suggested in which the his tones were  a r r anged  differently e i ther  r e l a t ive  
to the base  sequence of DNA [13] o r  r e l a t ive  to the sugar -phospha te  skeleton: H3 and H4 in the l a rge  gut ter ,  
H2A and H2B in the smal l  gut ter ,  and H1 as a c r o s s - l i n k a g e  between DNA molecu le s  [8]. Such d i f fe rences  
in the s t ruc tura l  re la t ions  between DNA and histone prote ins  could explain d i f fe rences  in the affinity of histone 
for  DNA. 

However ,  m o r e  recent ly  in connection wi th  the nucleosomal  model  of  chromat in ,  the view has become 
es tabl i shed that  the re  ex is t s  an o c t a m e r  (H3-H4-H2A- H2B) 2 too, on which DNA is wound [2]. In that way the 
four  histone f rac t ions  acqui red  a common  s t ruc tu ra l  load and, consequently,  a functional s ignif icance.  The 
previous  evidence in suppor t  of d i f ferences  in the affinity of  his tones  for  DNA, der ived f r o m  the o r d e r  of 
d issocia t ion of his tones f rom DNA during modif icat ion of the solvent,  nowadays does not appear  convincing, 
for  by modifying the med ium it is poss ib le  to b r e a k  up the histone o c t a m e r  and to study dissocia t ion of histones 
whose re la t ions  with DNA have a l ready  undergone a change. 

In a r ecen t  publication the authors  s tated that  if the hepar in  polyanion is used as d issoc ia t ing  agent, 
h is tenes  H3, H4, H2A, and H2B d issoc ia te  s imul taneously ,  without exhibiting any d i f fe rences  in the i r  affinity 
for  DNA [9]. These  worke r s  a s soc ia te  th is  r e su l t  with the t r a n s f e r  of these  his tones f rom DNA to hepar in  in 
the fo rm of o c t a m e r s  such as ex is t  in chromat in .  

The object  of the p re sen t  invest igat ion was to de te rmine  whether  d i f fe rences  a r e  found in the s t rength  
of the bonds between histones and DNA under  approx imate ly  physiological  condit ions.  

EXPERIMENTAL M E T H O D  

Calf  thymus  DNA, depo lymer ized  in an u l t rasonic  d i s in teg ra to r  to a m o l e c u l a r  weight of  0.8 • 10 ~, was 
mixed  with total  eh romat in  his tones  in a med ium of near -phys io log ica l  ionic s t rength  (0.15 MNaC1 + 0.7 mM 
Na-phosphate  buffer ,  pH 7.0). The DNA to histone ra t io  in the mix tu r e  was 1 : 1. The methods  of p repar ing  
the DNA and histone samples  were  descr ibed  previous ly  [5]. To the nucleohistone thus obtained, total  histone 
was also added and the prote in  composi t ion of the nucleoprotein complexes  was analyzed a f t e r  separa t ing  them 
f rom histone not found in DNA by centr i fugat ion of the mix tu r e  (6 h, 114,000g, L2-65B centrifuge}. Analys is  
of his tones bound with DNA in the m i x t u r e s  was c a r r i e d  out by subject ing the res idue  to e l ec t ropho re s i s  [11]. 

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

It will be c l ea r  f rom Fig. 1 that  the initial complexes  of DNA with total  chromat in  histone were  t r a n s -  
f o rmed  on the addition of histone, init ially into complexes  containing only histone It3, H4, H2A, and H2B, and 
then into complexes  containing DNA +H3 +H4. This  o rde r  of  d i sp lacement  of the histones f r o m t h e  nucleo-  
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Fig. 1. E lec t rophore t ic  analys is  of his tones 
contained in nucleohistones obtained in 
nueleohis tones obtained by addition of total  
chromat in  histone to D N A - h i s t o n e  complex.  
Original  DNA-h i s tone  complex obtained by 
d i rec t  mixing of DNA with total historic in 
medium of physiological  ionic s t rength:  0.15 
M NaCI + 0.7 mM Na-phosphate  buffer,  
pH 7.0 (ratio of DNA : histone in the mix tu re  
1 : 1). Ratio of DNA to histone in mix tu res  
(w/w): 1) total  histone (control); 2) I :1 
(original nncleohistone);  3) 1 : 5 ;  4) 1 :20 .  

p ro te in  complex  with an i nc rea se  in intensi ty of  t he i r  compet i t ion  fo r  DNA shows that  as r e g a r d s  s t rength  of 
the bond with DNA in a med ium of physiological  ionic s t rength  the his tones can be divided into th ree  groups:  
H1 < H2A +H2B < H3+H4.  

In the med ium of low ionic s t rength  (0.7 mlVI Na-phosphate  buffer ,  pH 7.0) the o r d e r  of d i sp lacement  of 
the his tones  f rom the nucleoprote in  complex  was the same ,  i .e . ,  histone H1 was the f i r s t  to be displaced,  foi-  
lowed by histone tt2A and H2B. The re la t ive  s t rength  of  the bonds between histones and DNA thus is independent 
of  the ionic s t rength  of the med ium,  jus t  as is the o r d e r  of  binding of histories with DNA, as the w r i t e r s  showed 
p rev ious ly  [4]. Using poiyanions tRNA and DNA as agents dissocia t ing his tones ,  Varshavsk i i  et el. [1] showed 
that  in a med ium of low ionic s t rength ,  h is tenes  t t l ,  H2B, and H2A dissoc ia te  much  m o r e  readi ly  than H3 and 
H4. In a med ium of physiological  ionic s trength,  only histene H1 could be d issocia ted  with the aid of  tRNA and 
DNA. No dif ference in the affinity of the remain ing  his tones for  DNA could be detected [1]. P r e s u m a b l y  the 
p rev ious  a t t empts  [1, 3] to detect  d i f fe rences  in the s t rength  of the bends between histone and DNA in a med ium 
of physiological  ionic s t rength  were  unsuccessful  (at l ea s t  as r e g a r d s  his tones of the nucleosomal  nucleus) 
evidently because  the b iochemical  approaches  used were  ineffect ive.  Dissocia t ion of his tones f rom DNA with 
the aid of polyanions probably  occu r s  in a medium of physiological  ionic s t rength  also,  but the inc reased  power 
of  aggregat ion of the po lyan ion -h i s tone  complexes  under  these  conditions p reven t s  t he i r  f rac t ionat ion f rom 
the res idua l  D N A - h i s t o n e  complexes ,  so that  a fa l se  idea of the absence of dissocia t ion is c rea ted .  

The method of compet i t ive  d i sp lacement  of histene f rac t ions  f rom the nucleohistone complex  which we 
used enaMed dissocia t ion of his tones H1, H2B, and H2A f rom DNA to be demons t ra ted  for  the f i r s t  t ime  in a 
medium of physiological  ionic s t rength,  and it thus provides  a f i r m  foundation for  the many hypotheses  on the 
role  of histone d issoc ia t ion  in the functional behav ior  of the genetic appara tus  of  eukaryote  cei ls .  The m e e h a -  
n i sms  respons ib le  for d i f fe rences  in the s t rength  of the bond between his tones and DNA a re  not yet  c l ea r .  

One poss ib le  explm~ation could be the d i f ference  in the s t ruc tu ra l  r e la t ions  of  the histone f rac t ions  with 
DNA. However , /ev idence  has been obtained of the absence  of specif ic i ty  in the  a r r a n g e m e n t  of h is tones  r e l a -  
t ive  to the composi t ion of the DNA bases  [14]o By using polyphosphate as a model  of DNA f rom which all 
functional groups  o ther  than phosphate have been removed,  we showed prev ious ly  that  the re la t ive  affinity of  
histories f o r  DNA is de te rmined  by in terac t ion  between his tones  and the phosphate  groups  of DNA [4]. Relat ions 
between his tones and the i n t e r io r  of  the gu t t e r s  of DNA thus do not de te rmine  d i f fe rences  in the s t rength  of 
the bonds between his tones  and DNA. Meanwhile histone H1, which has the highest  cha rge  of molecu les  of all 
histone f rac t ions ,  has been found to be l e a s t  f i rm ly  bound with DNA. Poss ib ly  the s t rength of the bond between 
his tones  and DNA is intluenced by in terac t ion  between the histone molecu les  themse lves .  That  is why d e s t ru c -  
t ion of histone complexes  in ehromat in  with the aid of  u r e a  m a k e s  the re la t ive  s t rength  of the bond between 
his tones and DNA co r r e spond  to the re la t ive  magni tude of the charges  on the his tenes  [5]. 

The r e su l t s  now obtained, indicating d i f fe rences  in the s t rength  of the bonds between histones and DNA 
in a med ium of physiological  ionic strength,  suggest  that  the histone o c t a m e r  of the nuc leosomes  is not a con-  
s e rva t i ve  fo rmat ion  and that  the composi t ion  of  his tones in nuc leosomes  m a y  change under  physiologicai  con-  
ditions, depending on the degree  of compet i t ion between the chromat in  components  for  DNA (histones and non- 
histone proteins)  o r  for  h is tones  (RNA). 

1059 



L I T E R A T U R E  C I T E D  

I. A. Ya. Varshavskii, U. N. Mikel'saar, and Yu. V. If'in, Mol. Biol., 6, 507 (1972). 
2. G.P. Georgiev and V. V. Bakaev, Mol. Biol., 12.._, 1205 (1978). 
3. P.S. Gromov, Vo D. Paponov, N. A. Sokolov, et al., in: Molecular Mechanisms of Genetic Processes. 

Proceedings of the 3rd All-Union Symposium [in Russian], Moscow (1976), p. 47. 
4. V.D. Paponov, P. S. Gromov, N. A. Sokolov, et al., Dokl. Akad. Nauk SSSR, 234,479 (1977). 
5. V.D. Paponov, P. S. Gromov, N. A. Sokolov, et al., Biokhimiya, 4_~3, 247 (1978). 
6. N.A. Berger, W. P. Eriekson, and G. Weber, Biochim. Biophys. Acta, 447, 65 (1976). 
7. J. Bonnet and W. T. Garrard, Life Sci., 14, 209 (1974). 
8. P. De Santis, E. Forni, and R. Rizzo, Biopolymers, 1_~3, 313 (1974). 
9. C.E. Hildebrand, Lo R~ Gurley, R. A. Tobey, et al., Biochim. Biophyso Acta, 447, 295 (1977). 

I0o J~ A. Huberman, Ann~ Revo Biochem., 42, 355 (1973). 
11~ U. F~ Laemmli, Nature, 227, 680 (1970)~ 
12. R. T~ Simpson, Adv. Enzymol., 3_~8, 41 (1973). 
13. J . R .  Smithies, F~ Benington, R~ Jo Bradley, et al., J .  Theoret.  Biol., 47, 309 (1974). 
14. M. Steinrnetz, E. Streeck, and H. G. Zachau, Nature, 258, 447 (1975). 
15. A. Weiche, C.-U. yon Mickwitz, K. Grade, et al., Biochim. Biophys. Acta, 51__~8, 172 (1978). 

106(~ 


