
EFFECT OF THE SUPRANUCLEOSOMAL ORGANIZATION 

OF CHROMATIN ON HISTONE - DNA RELATIONS 

V. D. P a p o n o v  a n d  P .  S. G r o m o v  UDC 612.014.24:576.315.42]:577. 
213.3 

KEY WORDS: chromatin; histones; DNA-pro te in  interact ions 

The h ierarchica l  principle of the s t ructural  organizat ion of chromat in  and ch romosomes  is widely ac- 
cepted [6, 7]. It is natural to expect that the formation of higher s t ructural  levels, accompanied by a fur ther  
increase  in the compactness  of DNA, must  change re la t ions  between DNA and the prote ins  bound with it. It is 
not clear ,  however, how great  these changes must  be in o rde r  to give r i se  to fundamental changes in genome 
function. In an attempt to examine this problem we decided to study whether an increase  in the degree of dis-  
persion of chromatin,  disturbing more  especial ly the l a rge r  s t ructural  domains and, in par t icular ,  DNA loops, 
affects the strength of binding of histones with DNA. To est imate this strength, the phenomenon of competition 
of histoaes for DNA, f i rs t  described by Ashmarin and Muratchaeva [1], was used. The wr i t e r s  showed previ -  

o u s l y  [3, 4] that one resul t  of this  phenomenon is replacement  of some of the histones of chromatin by the 
most  competitative fract ions of total histone added to it in excess .  

The starting point of the investigation was the assumption (determining how the effect iveness of dis-  
placement of its own histories f rom chromatin by histone added to it in excess  depends on the degree of dis-  
persion of the chromatin) can shed light on the effect of the higher s t ructural  format ions  of chromat in  (supra- 
nucleosomat) on h i s tone-DNA interaction. 

EXPERIMENTAL METHOD 

Chromatin was obtained as descr ibed previously  [4] f rom calf thymocytes  and t r ans fe r r ed  into 0.15 M 
NaCI + 0.7 mM Na-phosphate buffer, pH 7.0. Total histone of chromatin was obtained by extraction with 0.4 N 
HCI (30 rain, 0~ The chromatin suspension was incubated with the added total historic for  48 h at 4~ 
Residues after centrifugatlon of the mixtures  for  30 min at 40,000 rpm on an L2-65B centrifuge (Beckman, 
USA, 40.3 rotor) were used to analyze prote ins  bound with DNA, by e lec t rophores i s  [8]. Densi tometry of the 
gels stained after  e lec t rophores is  with Coomassie  blue R-250 was ca r r i ed  out on a "Gilford" spect rophotometer  
at 580 nm. Other details of the experimental  method were descr ibed previously  [4]. 

EXPERIMENTAL RESULTS 

Densi tograms of the gels  af ter  e lee t rophores i s  of proteins remaining bound with DNA af ter  incubation of 
three chromatin preparat ions  with different quantities of excess  total histone in medium with near -phys io lo-  
gical ionic strength (0.15 M NaC1 + 0.7 mM Na-phosphate buffer, pH 7.0) are  shown in Fig. i (a, b, c). Addition 
of total histone to the ehromatin in a quantity equivalent by weight to that a l ready contained in it, o r  in a higher  
quantity, led to complete displacement of histone H1 f rom DNA. All the nucleosomes  thus lose an H1 molecule,  
i.e., all nucleosomes are  s tereochemical ly  accessible  for  molecules  of histone added to the chromatin and 
competing for DNA in all three preparat ions .  However, histories H2A and H2B in the f i r s t  chromat in  p repa ra -  
tion virtually are not displaced if the ratio of added total histone to DNA is 200:1. In the second p r e p a r a t i o n  
histone H2A and H2B are part ial ly displaced when the above ratio reaches  20:1 or  even 5:1. In the third prep-  
aration, t reated with ultrasound in o rde r  to increase  the degree of dispersion,  with added histone in a 20-fold 
excess  relative to DNA, far  less  of the H2A and H2B histories remained bound to DNA than in the second prep-  
aration under the same conditions. 

An increase of dispersion of the chromatin preparat ion (dispersion was higher in the second preparat ion 
than in the first ,  evidently on account of more  vigorous mechanical  dispersion) thus leads to displacement  of 
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Fig .  1. Dens i t og rams  of ge l s  a f te r  e l e c t r o p h o r -  
e s i s  of h i s tones  in complex  with DNA af t e r  incu- 
bation of chromat in  with added total  hls tone.  Ra-  
t ios  of added his tone to chromat in  DNA. a: 1) 0, 
2) 1, 3) 20, 4) 200; b: 1) 0, 2) 5, 3) 20; c: 1) 0, 2) 
0.8, 3) 2, 4) 20, 5) 40. 

histones of the nucleosome nuclei H2A and H2B from DNA on account of competition by fractions H3 and H4. 
This can be interpreted as weakening of interaction with DNA of histones H2A and H2B with an increase in 
dispersion of the chromatin. 

What is the cause of this phenomenon? Since the increase in dispersion of chromatin is realized by a 
decrease in length of the DNA molecules in its fibrils, the number of disturbed terminal nucleosomes, in which 
interaction of histones with DNA may be weakened on account of repacking, may be increased at the same 
time. The molecular weight of DNA in the sonieated preparation of chromatin was 5" 106 daltons (data of vis- 
eometry). If the molecular weight of DNA per nucleosome is 600 daltons �9 200 pairs = 132,000 daltons, on 
average each fibril in the sonicated chromatin preparation will contain about 37 nucleosomes. In that case, 
even if each of the terminal nucleosomes is disturbed, the histones contained in it will account for only 6%. 
Differences in competitive displacement of histones H2A and H2B from the first  and third chromatin prepara- 
tions cannot be explained by weakening of the bonds joining histones to DNA in the terminal nucleosomes, for 
the proportion of such histones is small in both preparations. The difference in the quantity of displaced his- 
tones H2A and H2B in these preparations, however, is fundamental in character. Displacement of histones 
H2A and H2B from the first  preparation could not be recorded even if added histone was present in a 200-fold 
excess, but for the third preparation a 20-fold excess of total protein was sufficient to cause displacement of 
the greater part of the histones H2A and H2B. 

These results can be understood on the basis of the view that organization of DNA in the supranucleo- 
somal structures leads to a sharp increase in the intensity of interaction of DNA with histones of the nucleo- 
somal nuclei. In particular, the formation of supercoiled loops in the chromosomes may prevent dissociation 
of histones H2A and H2B, making them stereochemically inaccessible, by contrast with H1, for free histones 
competing for DNA. Destruction of such loops makes competitive displacement of histones H2A and H2B pos- 
sibleo This conclusion is in agreement with the view [10] that bonds joining proteins with DNA are weakened 
after relaxation of the circular DNA of the minichromosomes of virus SV-40 which, in the opinion of the au- 
thors cited, explains the decrease in the protein content on relaxed DNA molecules. Our conclusion is also 
supported by the fact  that in a mLxture of a r t i f i c i a l  nucleohis tone with total  h is tone,  with his tone in a 20-fold 
exces s  ove r  DNA, only h i s tones  H3 and H4 r ema in  in the fo rm of a complex with DNA [2]. However,  h i s tones  
H2A and H2B a re  not comple te ly  removed  f rom sonicated ch romat in  even if total  h is tone is  p r e s e n t  in a 40- 
fold exces s .  This can be a t t r ibuted  to the ve ry  s t rong in te rac t ion  of h i s tones  of nuc leosomal  nuclei  with DNA 
in superco i led  loops,  remain ing  a f te r  sonicat ion of the chromat in .  This pos s ib i l i t y  is  conf i rmed  by the fact  
that  on average  the DNA molecu le s  f rom sonicated chromat in  contain about 8000 base  p a i r s ,  which is  c lose  to 
the d imens ions  of the smal l  loops d i s cove red  in chromat in  (10,000 base  p a i r s  [6]), a l lowing for  the po lyd i s -  
p e r s e d  s tate  of DNA. In chromat in  p r e p a r a t i o n s  i so la ted  in med ium with n e a r - p h y s i o l o g i c a l  ionic s trength,  
tool. wt. of DNA, accord ing  to our  v i s c o m e t r i e  data, is 25- 106-65 �9 106 dal tons,  i .e. ,  38,000-98,000 base  p a i r s .  
The loops may be comple te ly  p r e s e r v e d  in these  p r e p a r a t i o n s ,  and f ragmented  loops are  r emoved  when the 
chromat in  suspension is washed. This evident ly  helps  to p r e s e r v e  h i s tones  H2A and H2B on DNA in the p r e s -  
ence of a 200-fold e x c e s s  of added total  his tone.  
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Compet i t ive  d i sp lacement  of his tones f rom chromat in  by added his tones is based on the dynamic cha rac -  
t e r  of  histone--DNA re la t ions  in the chromat in ,  which has  recent ly  been conf i rmed by expe r imen t s  s im i l a r  to 
those conducted by the p r e s e n t  w r i t e r s  p rev ious ly  [2-4], to analyze exchange of chromat in ,  f ragmented  by mi -  
c rococca I  nuclease,  and exogenous his tones  [9]. In this  connection it can be tentat ively suggested that super -  
cooling of DNA loops in the cell  is a mechan i sm of convers ion  of dynamic DNA-h i s tone  re la t ions  into static 
or ,  in o ther  words ,  a m e c h a n i s m  of blocking of functional act ivi ty of DNA. If, in fact, rea l iza t ion o f t r a n s c r i p -  
$io~ r e q u i r e s  d i sp lacement  of h is tones  by RNA-po lymerase  [5], to enable a cce s s  of this enzyme to the his tones  
it is  poss ib le  to use  des t ruc t ion  of the DNA loops, jus t  as  for  d i sp lacement  of H2A and H2B by added histones.  
The conclusion is in a g r e e m e n t  with the view that re laxat ion of DNA of the m i n i c h r o m o s o m e s  of SV-40 is ne- 
c e s s a r y  fo r  act ivat ion of t ranscr ip t ion  [10]. 
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The ro le  of and in teract ion between subpopulations of T lymphocytes  in the phenomenon of inactivation 
of nonsFageneic hematopoie t ic  s tem cei l s  (HSC), d i scovered  by Pe t rov  and Seslavina in 1967 [7], have been in- 
ves t igated on seve ra l  occas ions  [3, 4, 8]. It has  been shown that  T lymphocytes  a re  e f fec tor  ce i l s  in the inac- 
t ivation react ion,  and compara t ive  c h a r a c t e r i s t i c s  of the inactivating act ivi ty of different  subpopulations of T 
lymphocytes ,  and ' so  on, have been obtained. In a study of interact ion between T- lymphocy tes  subpopulations 
f rom the spleen and lymph nodes (LN) of T mice  with an ar t i f ica l ly  c rea ted  B-ce l l  deficiency, it was concluded 
that the spleen contains  s u p p r e s s o r  cei ls ,  p ro tec t ing  the s tem cel l s  against  the inactivating action of allogeneic 
T - lymphocy t e s  [3]. Meanwhile the a t tempt  to study interact ion between intact splenic and LN lymphocytes  in 
th is  phenomenon p roved  unsuccessfu l  at this stage because  of the complex c h a r a c t e r  of interact ion.  L a t e r  
work  showed tha t  an impor tan t  role  in the inactivation phenomenon is played not only by T lymphocytes ,  but 
also by B lymphoeytes  of LN. While not possess ing  an ef fec tor  function, they have a regu la to ry  influenc~ r e -  
dueing o r  enhancing the inactivating act ivi ty of T lymphocytes  of LN, depending on the quantitat ive ra t io  be -  
tween them [2, 6]. 

The a im of this  investigation was to study the p r inc ip les  governing interact ion of intact LN and splenic 
lymphocytes  f r o m  mice  during inactivation and d i scovery  of the role of B lymphocytes  in this interact ion.  
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