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The possibi l i ty of dissociat ion of an unidentified factor  responsible for  differences in the 
thermomechanical  p a r a m e t e r s  of supramolecular  DNP sys tems  f rom normal  and malignant 
t i ssues  was demonstrated,  The t ransfer  of this factor  to DNP f rom normal  t issues leads to 
t ransformat ion  of the thermomechanical  pa r ame te r s  of the DNP to those charac te r i s t ic  of 
DNP from malignant t issues.  Sonication (10 kHz) for more  than 2 min leads to loss of act i -  
vity of this factor,  indicating its macromolecu la r  nature. It is concluded f rom the resul ts  of 
ul tracentrifugation and sonication and also of spectrophotometry that DNA is not a component 
of this factor .  

The search  for  specific differences between malignant and normal  t issues is one of the most impor-  
tant problems in theoret ical  medicine. Systems concentrating the heredi tary  information are par t icu lar ly  
interest ing in this connection because the proper ty  of malignancy ar is ing in a cell is t ransmit ted by heredity 
to subsequent generat ions of cells. However, the overwhelming majori ty  of invest igators  at the p resen t  
t ime  consider that the physicochemical  state of the DNA of various human and animal tumors  is unchanged 
during neoplastic degeneration [10-12, 15, 16, 18, 20]. In the few investigations in which the deoxyribonu- 
cleoproteins (DNP's) of normal and malignant t issues were compared,  no significant differences likewise 
were found [13, 14, 21]. 

Most of these investigations have been car r ied  out on solutions of DNA and DNP. However, DNP in 
the cell is in a medium with physiological  ionic strength in which this compound is insoluble, i.e., it is a 
phase-bounded supramolecular  system. Investigation of supramolecular  DNP sys tems has yielded resul ts  
indicating a significant difference between the proper t ies  of these objects when isolated f rom normal  and 
malignant cells [8]. This difference is expressed as a change in the amplitude of melting of the supra-  
molecular  sys tems  within the zone of hel ix-coil  t ransit ion of DNA. Meanwhile no such relationship is found 
in DNA macromolecules  themselves  when isolated f rom these DNPs. This suggests  that the differences ob- 
served are connected with the effect of the protein component of the nucleoprotein complex. The possible 
mechanisms of this effect have been discussed previously [6]. 

In the investigation descr ibed below an attempt was made to isolate this component and then to analyze 
its effect on the proper t ies  of DNA and DNP obtained f rom normal  t issues.  

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

Noninbred albino rats  weighing 150-200 g were  used. The tumor,  an asci tes  form of Zajdela ' s  hepa- 
toma (AZH), was taken on the 6th day after  intraperi toneal  inoculation. Nuclei were isolated from the l iver  
of normal  rats  and from asci tes  cells by the method of Allfrey et al. [9]. The nuclei were washed with hypo- 
tonic solution and then centrifuged at 1,500 g to remove blood. DNP was isolated f rom the nuclei by the 
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Fig. 1. Relative contraction of f ibers  in the region of the helix-coil  
transit ion of DNA. a:l) DNP f rom AZH, N/P  = 4.2; 2) DNP f rom liver,  
N / P  = 4.4; 3) recons t ruc ted  DNP preparat ion f rom AZH (medium 0.14 
M NaC1 solution, pH 6.9). Al/18o = ( l so - l t ) / l so ,where  18o is the length 
of the f iber at 80~ and l t its length at the corresponding temperature.  
b:l) DNP f rom liver,  N /P  = 4; 2) DNP f rom liver,  N /P=4 .4 ;  3) DNP 
complex f rom l iver  + protein fraction of DNP f rom AZH, N/P  = 4.4 
(medium 0.14 M NaC1, pH 6.9). 

Fig. 2. Curves of relative contraction of DNP fibers  in the region of 
the helix-coil  t ransi t ion of DNA. a:l) DNP f rom AZH, N/P  = 4.4; 2) 
DNP from AZH (sonicat ionfor  2 min) + DNP from thymus, N / P  =4.4; 
3) DNP f rom AZH (sonication 3 min) + DNP from thymus; 4) DNP f rom 
calf  thymus,  N/P =4; 5) DNP f rom thymus (sonication2 min) +nat iveDNP 
f rom thymus (preparat ion mixed in the ra t io  1 : 1 by DNA concentrat ion;  
medium 0.14 NI NaC1 solution, pH 7.9). b : 1) re la t ive cont rae t ionof  DNP 
fiber in region of hel ix-coi l  t ransi t ion of DNA as a function of sonication; 
2) change in coefficient of viscosi ty [~7 ] of DNP depending on duration of 
sonieation. 

method of Mirsky and Pol l i s ter  [19] in Kulikova's  modification [1]. The prepara t ions  were clarified by cen- 
trifugation at 10,000 g for 30 min and the following determinations were made: the concentrat ions of DNA 
[3] and protein [17], the molar  coefficient of extinction (Ep), and the coefficient of v iscosi ty  07) in a low- 
gradient v i scos ime te r  with gradients  of /3 = 53.7, 37.3, and 26.6 sec -1 relat ive to water  [4]. Oriented supra-  
molecular  sys tems  were obtained and investigated by the method descr ibed previously  [2, 7]. 

The specimens were subjected to sonication on a magnetostr ic t ion apparatus (10 kHz), and invest i-  
gated with the SPU-1M spect ropolar imeter .  The optical density of the specimens tested did not exceed 
0.380 in air.  Ultracentrifugation was ca r r i ed  out at 200,000 g for 6 h on the MOM-3170 apparatus. 

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

The components of the DNP complex were separated by dissociat ion of the DNP at an ionic strength 
of ~ = 2.6. It was hoped to discover  whether the action of the factor  responsible for  the charac te r i s t ic  be-  
havior of supramolecular  DNP sys tems  f rom the tumor  is lost af ter  dissociat ion and reassocia t ion of the 
DNP complex. For  this purpose,  the ionic strength of the medium was increased to ~ = 2.6, the prepara t ion 
was s t i r red  for  30 min, and then dialyzed for  18 h against 100 volumes of 0.7 M NaC1. DNP f ibers  were  
obtained from the DNP solution obtained in this manner at/z = 0.14 and investigated. As the resul ts  given in 
Fig. l a  show, the charac te r i s t i c  p roper t i es  of the DNP sys tems  f rom the hepatomawere  completely restored.  

1034 



[~] deg. 
800 

0 i i 
25 -8  n m  

- ~'00 

- 800 

-/200 

~I GO0 

-2 000 

Fig. 3. Curves of d ispers ion of op- 
tical rotation: 1) DNP f rom liver,  
N /P  = 3.7; 2) DNP from AZH, N/P  = 
4.1; 3) DNP from thymus, N/P  =4.0 
(medium 0.7 M NaC1 solution, pH 6.9). 

TABLE 1. Changes 
in Coefficient of Vis-  
sity and EP Depend- 
ding on Duration of 
Sonication 

"Duration o~ 
sonication! ~ 
(in rain) 1'~'~ 

0 52 6 700 
2 6 6 750 
3 5 6 750 
5 6 800 

An attempt was then made to rule out any possible effect of 
h igh-polymer  tumor  DNA on the behavior  of the DNP sys tems  from 
normal  t issues.  For  this purpose the dissociated DNP complex was 
t reated by sonication (concentration 0.3 mg DNA/ml; Table 1). 

The sonicated DNP prepara t ions  f rom the hepatoma were  
mixed with DNP from calf thymus (~t = 2.6) in the ratio 1:1, and 
after  s t i r r ing  and adjustment by dialysis  to tt = 0.7, the rheological  
pa r ame te r s  of the supramolecular  DNP sys tems  (/~ = 0.14) were  in- 
vestigated. In a paral le l  control ser ies ,  calf thymus DNP was soni- 
cated, mixed with the native preparat ion,  and after  dialysis  in the 
same way the corresponding charac te r i s t i c s  of the DNP sys tems  
also were  analyzed (~ -- 0.14). 

It will be c lear  f rom Fig. 2a that if sonication of the tumor  DNP did not exceed 2 min in duration, 
after  its addition to DNP f rom the thymus the amplitude of the helix-coil  t ransit ion was 26%, whereas  the 
native prepara t ion f rom calf thymus with the same N / P  value gave an amplitude of t ransi t ion of 45-50% [7]. 

These resul ts  show that the DNA component of the DNP complex is not responsible for the cha rac t e r i s -  
t ic behavior  of the DNP sys tems  f rom the tumor.  However, it will be noted that the amplitude of the helix-  
coil t ransit ion of the corresponding complexes increased  with an increase  in the duration of sonication 
(Fig. 2a, b), thus indicating the macromolecu la r  nature of the factor  responsible for  this effect. Finally, 
ul t racentr i fugat ion of the dissociated DNP (~ =2.6) f rom the malignant cells resulted in the vi r tual ly  com-  
plete removal  of the DNA components. The supernatant accounted for about 60% of the protein of the o r i -  
ginal complex. Its addition to DNP f rom the thymus or  l iver  led to a threefold decrease  in the amplitude 
of the hel ix-coil  t ransi t ion (Fig. lb). 

The resul ts  descr ibed above thus indicate that the DNP complex f rom malignant t issues contains a 
cer tain active non-deoxyribonuclear  principle of macromolecu la r  nature which leads to a resultant decrease  
in the amplitude of melting of the condensed DNP systems.  The possibil i ty that this factor  can be isolated 
and that it can influence DNP f rom normal  t issues leads to the hope that it will be identified chemically. 

It was pointed out above that investigations of the physicochemical  cha rac te r i s t i c s  of DNP solutions 
have revealed no differences in the p roper t i es  of normal  and tumor DNPs or  of their DNA components. It 
was therefore interest ing to discover  whether DNP macromolecules  have any special features  in solution, 
and for  this purpose the method of spec t ropo la r imet ry  was used, for in this method the molecular  p a r a -  
meters  both of the DNA and of the nonnuclear component of the DNP complex can be analyzed. The curves  
of dispers ion of optical rotation (DOR) of DNP's  isolated f rom calf thymus, rat liver, and AZH, obtained in 
this way are  shown in Fig. 3. It will be seen that in the case of DNPs isolated f rom normal  cells the DOR 
curve has the charac te r i s t ic  shape with a minimum of rotation at 255 nm. The DOR curves  for  DN-P and 
AZH have differences and, in par t icular ,  the maximum at 255 nm is absent. 

Conjeeturally the cause of the abnormal behavior  of DNP f rom tumor t issues is due to increased 
coiling of their  protein components or  to an increase  in the number  or  length of the zones of unstabilized 
DNA. The existence of a definite causal connection between these two phenomena cannot be ruled out. It 
is important  to note that a fa i r ly  low amplitude of melting of the supramolecular  DNP sys tems  is also 
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charac te r i s t i c  of condensed chromatin which the wr i t e r s  isolated f rom l iver  chromatin [2]. However, 
whereas  condensed ehromatin f rom normal  t issues loses  its specific proper t ies  readily on reprecipitation, 
DNP from tumor t issues  posses ses  stable inherent charac te r i s t i cs  which are  evidently attributable to the 
low probabili ty of dissociation (up to ~ = 1) of the component endowing it with these specific proper t ies .  

It can be postulated on the basis  of these resul ts  that during malignant t ransformat ion there is i r r e -  
vers ible  heterochromat izat ion of some of the diffuse chromatin (in the normal  cell this p roces s  is evidently 
reversible) .  The increase  in the fract ion of heterochromat in  can be regarded as a reflection of the decrease  
in the quantity of genetic information t ranslated in the tumor  cell. At the same time, this hypothesis is not  
contradicted by resul ts  showing the local unblocking of cer ta in  a reas  of the genome during malignant t r ans -  
formation which do not function in the homologous t issue but which are  active in other specialized tissues.  
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