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Invest igat ion of the t he rmomechan ica l  and d i saggrega t ion  p r o p e r t i e s  of s u p r a m o l e c u l a r  DNP 
s y s t e m s  i so la ted  f rom leukemic  ce l l s  r evea led  a s t ronge r  bond than no rma l ly  between the i r  
components.  This  p rope r ty  of the DNP s t r u c t u r e s  was independent of the subpopulation to 
which the leukemic ce l l s  belonged and of the i r  number  of c h r o m o s o m e s  (diploid or  hype r -  
diploid se ts ) ,  i .e . ,  the change in the p r o p e r t i e s  of the chromat in  was more  specif ic  for  leu-  
kemic  ce l l s  than the numer i ca l  c h r o m o s o m a l  abe r r a t i ons .  
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The o r d e r l y  s t r u c t u r e  of the c h r o m o s o m e s  is de te rmined  by the s u p r a m o l e c u l a r  organiza t ion  of the 
p r inc ipa l  chemica l  component  of chromat in ,  DNP. Tumor  ce l l s  a re  c h a r a c t e r i z e d  both by changes in the 
s t r u c t u r e  and function of the chromat in  and by f luctuat ions in the number  of c h r o m o s o m e s  in the set. It is  e s -  
sent ia l  in such c a s e s  to d i s c o v e r  the r e l a t ionsh ip  between these p r o c e s s e s  and between the in tensi ty  of the i r  
exp re s s ion  in connection with the r e l a t ive  impor t ance  of each p r o c e s s  in the format ion  of the tumor  genotype 
and phenotype. One poss ib le  approach to the solut ion of this p rob lem is evident ly  to study the c h a r a c t e r i s t i c s  
of the m a c r o m o l e c u l a r  organiza t ion  of eh romat in  in tumor  ce l l s  of the same t i ssue  spec i f ic i ty ,  but with d i f fe r -  
ent se ts  of c h r o m o s o m e s .  

In this inves t iga t ion  the phys icochemica l  p a r a m e t e r s  of DNP s y s t e m s  i so la ted  f rom leukemic  lymphoid 
ce l l s  with va r ious  d i s tu rbances  of the i r  ch romosome  composi t ion  were  analyzed.  

EXPERIMENTAL METHOD 

E x p e r i m e n t s  were  c a r r i e d  out on mice  of l ines  AKR and C57BL aged 2 months. Some of the animals  
were inoculated with leukemia. The AKR mice received an injection of 5 million spleen cells of syngeneic 
mice with spontaneous leukemia; the C57BL mice received an injection of 5 million spleen cells from animals 
of the same line with strain La leukemia. The splenic tissue of mice with transplanted leukemia was studied 
at the time of maximal intensity of the leukemic changes in that organ. To determine the cytological composi- 
tion of the spleen, no fewer than 500 cells in preparations from each animal were differentiated. The subpopu- 
la t ions  to which the normal  and leukemic  ce l l s  of the spleen belonged were  de te rmined  with the aid of anti-0 
s e r u m ,  obtained by repea ted  immuniza t ion  of C3H mice with thymocytes  of AKR mice,  which showed whether  
or  not they contained the 0-an t igen  c h a r a c t e r i s t i c  of T lymphocytes .  The number  of ch romosomes  was counted 
in me t aphase s  a f te r  the an imals  had rece ived  two in jec t ions  of colchic ine  in a dose of 0.01 ml of the 0.04% 
so lu t ion /g  body weight with an in te rva l  of 1.5 h. DNP p r e p a r a t i o n s  were  obtained by f i r s t  i so la t ing  the nuclei 
[6) by ex t rac t ion  with 0.7 M NaC1. Af ter  r epea ted  r ep rec ip i t a t i 0n  the DNP was conver ted  into the condensed 
s ta te  [3].  The content of DNA and RNA was de te rmined  s p e c t r o p h o t o m e t r i c a l l y  [2] and by co lor  r eac t ions  
[ 5, 7] ; n i t rogen was de te rmined  by the m i c r o - K j e l d a h l  method and pro te in  as desc r ibed  in [ 9, 12]. The com-  
posi t ion of the bas ic  p ro te ins  of the DNP was analyzed by e l e c t r o p h o r e s i s  [ 11] . DNP s p e c t r a  were  r ecorded  
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T A B L E  1. P h y s i c o e h e m i c a l  P r o p e r t i e s  of DNP P r e p a r a t i o n s  I s o l a t e d  f r o m  Sp ieens  of 
AKR and C57BL Mice ,  I n t ac t  and  Inoc u l a t e d  wi th  L e u k e m i a  ( M •  rn) 

Line of mice Group of mice " N/P rati6 

[ 

AKR [ Healthy, 4,30"-0,02 
[ With lemcemia 4,30• 
Healthy 

4,30~0,02 C57BL I With leukemia 4,25-----0,02 
I 

coefficient 
of molar 
extinction 

69(](~--- + I0 
68(](]-*- I0 
660(]----- 30 
6600----- 20 

Properties of DNP 

characteristic 

RNA con- 
tent (%) 

6,00+0,03 
7,0@~0,04 
5,5G~0,03 
7,00-'-0,04 

relaxation (%) 

at 20 ~ 

viscosity (dl/g) 

0,TM 2,0M 
NaCI NaCI 

24~ 5 87 --+ 3 
25"+'2 9(J-*- 5 
34+2 95-----5 
35+--- t c~6~ 3 

46,5---+0,5 
41,5• 
54,0-'-0.[ 
36,5+0,3 

at 98 ~ 

42fi• 
24,5--0,5 
45,0m0,4 
25,0-----0,4 

T A B L E  2. C h r o m o s o m e  C o m p o s i t i o n  of  P o p u -  
la t ion  of Spleen  C e l l s  of AKR and C57BL Mice ,  
In tac t  and Inocu la t ed  with  L e u k e m i a  

o e~ 

AKR 

C57B 

] Gioup ' "  ~ 1~7~ ~ metaV~a~ Plates(~ ~ m) with the 
]o ~ ]undexmentioned number of chromosomes of 
1 [ . . . . .  I mice 

/ = ~ _ 1  

Healthy 

With 
leukemia 

Healthy 
With 
leukemia 
Number of 
metaphases 

25C t 7,2-----1'6 

62 6,8-----2,6 

132 4,~--1,8. 

20C 

78,4~2,6 

73,C~3,8 

B7,2• 

12,5~2,1 

3,2~1.1 

7,[m2.8 

2,2~t,3 

5,0~1.1 72,5--+ 1,8 

in the u l t r a v i o l e t  r e g i o n  and the s p e c t r o p h o t o m e t r i c  and v i s e o s i m e t r i c  m e l t i n g  p r o f i l e s  of the p r e p a r a t i o n s  
w e r e  s tud ied .  The  s t r u c t u r a l  p a r a m e t e r s  of the t h r e e - d i m e n s i o n a l l y  o r i e n t e d  m a e r o m o l e c u l a r  DNP s y s t e m s  
w e r e  judged on the b a s i s  of the a b i l i t y  of the DNP to u n d e r g o  r e l a x a t i o n  [ 3] and d i s a g g r e g a t i o n  [ 1] depend ing  

on t e m p e r a t u r e .  

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

The  r e s u l t s  g iven  in T a b l e  1 show tha t  DNP p r e p a r a t i o n s  i s o l a t e d  f r o m  the s p l e e n s  of both l ines  of m i c e ,  
w h e t h e r  in the so lub l e  o r  the c o n d e n s e d  s t a t e ,  had s e v e r a l  s i m i l a r  p h y s i c o c h e m i c a l  p r o p e r t i e s .  They  w e r e  i n -  
d i s t i n g u i s h a b l e  a s  r e g a r d s  both the s p e c t r o p h o t o m e t r i c  and v i s c o s i m e t r i c  m e l t i n g  p r o f i l e s ,  the quan t i t a t i ve  and 
q u a l i t a t i v e  c o m p o s i t i o n  of the b a s i c  h i s tone  f r a c t i o n s ,  and the t h e r m o m e c h a n i c a l  and d i s a g g r e g a t i o n  c h a r a c t e r -  
i s t i c s .  As  r e g a r d s  the c y t o l o g i c a l  c o m p o s i t i o n  of the s p l e e n  of the a n i m a l s ,  d e s p i t e  i t s  much  g r e a t e r  weight  
(102.4 • 2.1 mg)  and the l a r g e r  n u m b e r  of c e l l s  (121.04 • 8.84 mi l l ion)  in th i s  o r g a n  in the  C57BL m i c e  than in 
the AKR m i c e  {75.6 • 1.7 mg and 82.53 • 3.40 mi l l i on ) ,  no s i g n i f i c a n t  i n t e r l i n e a r  d i f f e r e n c e s  could  be de t ec t ed .  
In both c a s e s  the p r o p o r t i o n  of l y m p h o c y t e s  was  not  be low 88-94%, The  r e l a t i v e  p r o p o r t i o n s  of l y m p h o c y t e s  
a l so  w e r e  s i m i l a r  a s  r e g a r d s  both d e g r e e  of m a t u r i t y  and func t iona l  p r o p e r t i e s .  The  p r o p o r t i o n  of T l y m p h o -  
c y t e s  in the s p l e e n  of the AKR m i c e  was  26.5 =e 1.2% and in the s p l e e n  of the C57BL m i c e  30.0 + 1.1% of the 
to ta l  l y m p h o e y t e s .  Meanwh i l e ,  in the popu la t ion  of s p l e e n  c e l l s  of the AKR m i c e  aneup lo id  c e l l s  w e r e  found 

r a t h e r  m o r e  f r e q u e n t l y  than in C57BL m i c e  (Tab le  2; P < 0.05). 

In the s p l e e n  t i s s u e  of the m i c e  wi th  t r a n s p l a n t e d  l e u k e m i a ,  a t  the t i m e  of i n v e s t i g a t i o n  no f e w e r  than  90% 
of the c e l l s  w e r e  l e u k e m i c ;  i n f i l t r a t i o n  of the  s p l e e n  in the AKR m i c e  took p l a c e  on accoun t  of c e l l s  c a r r y i n g  
0 an t igen  on t h e i r  s u r f a c e  ( the i r  n u m b e r  r e a c h e d  76.5 a: 2.3%); me a nw h i l e ,  in  the C57BL m i c e  the n u m b e r  of 
t h e s e  c e l l s  in the l e u k e m i c  o r g a n  was  down to 3.0 ~: 0.9%. D i f f e r e n c e s  in the c h r o m o s o m e  s t r u c t u r e  of the  
popu la t ion  of l e u k e m i c  c e l l s  a l so  b e c a m e  c l e a r e r  be tw e e n  the two f o r m s  of l e u k e m i a  (Tab le  2). In the C57BL 
m i c e  the m o d a l  c lone  c o n s i s t e d  of c e l l s  with 42 c h r o m o s o m e s .  The  m o d e  fo r  t r a n s p l a n t a b l e  AKR l e u k e m i a  
r e m a i n e d  d ip lo id ,  a l though s o m e  c e l l s  had a n e a r - d i p l o i d  s e t  of c h r o m o s o m e s .  
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Fig. 1. Fur ther  mechanical  curves  of 
s t ruc tura l  changes in DNP sys tems  
isolated f rom spleen within t empera -  
ture range of he l ix-coi l  t ransi t ion:  
1) DNP sys tem from intact spleen :of 
C57BL mice, 2) f rom intact spleen of 
AKR mice, 3) f rom spleen of C57BL mice 

w i t h  transplanted leukemia, 4) f rom spleen 
of AKR mice with transplanted leukemia. 
Abscissa ,  tempera ture  of heating; ordinate,  
degree of relaxation (in %). 

DNP preparat ions  obtained from leukemic t issue contained the same basic histone fract ions as were 
present  in the chromatin of the spleen cells  of healthy animals,  their melt ing profile was the same,  and they 
had other features in common with preparat ions  from normal  lymphoid t issue (Table 1). At the same time, 
the thermomechanical  and disaggregation pa rame te r s  of the chromatin from the leukemic cells  were appre-  
ciably altered.  The kinetics of relaxation of oriented DNP s t ruc tures  was the same for the two forms of leu- 
kemia,  despite differences in the fluctuations in the number of ch romosomes  in the set. The course  of the 
thermomechanical  curves  of s t ruc tura l  changes in the DNP sys tems,  especial ly within the temperature  range 
for the he l ix-coi l  t ransformation (Fig. 1), was evidence of the res is tance  of the DNP sys tems f rom leukemic 
t issue to deformation and, consequently, of the s t ronger  bond between the components of the chromatin in the 
leukemic cells. Direct  investigation of the strength of the bond between DNA and protein in the condensed DNP 
s t ruc tures  showed that at 60~ sys tems isolated from normal  lymphoid tissue were more susceptible to dis-  
aggregation. For  instance, the supernatant after  shaking and centrifugation of DNP from the spleen of healthy 
C57BL and AKR mice was found to contain 17-18.5% of the DNA and 15-18% of the protein contained in the 
original preparat ions.  The corresponding figures for leukemic tissue from mice of both lines were only 
7.0-7.5% DNA and 8.5-9.0% protein (P < 0.01), i r respec t ive  of the type of leukemia. 

Changes in the macromolecular  s t ruc ture  of the chromatin in tumor cells, it can thus be assumed, are 
not necessa r i ly  accompanied by s t ruc tura l  changes in the chromosomes ,  whereas numerical  chromosomal  
aberra t ions ,  whether present  to a considerable  or  slight degree,  suggest  a disturbance of the supramolecu-  
lar  organization of the chromatin.  This conclusion is confirmed by changes in the proper t ies  of chromatin in 
other tumors  also [4]. Consequently, physicochemical  modification of the proper t ies  of chromatin associated 
with neoplastic t ransformat ion of the cell is a more  specific feature than changes in the chromosome number. 
An essential  role in the formation of the mater ia l  substrate  of malignancy is evidently played by the conforma-  
tional s t ructure  of the DNP-pro te in  complex. In the tumor cell the conditions for s ter ic  accessibi l i ty  of the 
template are  different, because of changes in the supramolecular  organization of the chromatin [4, 8]. The 
discovery  of a modification of the proper t ies  of chromatin provides an explanation for the nonactivation of c e r -  
tain c is t rons ,  functioning in the normal  cell, in the tumor cell however,  under these c i rcumstances ,  d e r e p r e s -  
sion of individual loci is permitted and does not contradict  the possibility of recoding of the geneti c activity of 
the cell. The resul ts  are  in good agreement  with others indicating the possibil i ty of a change in the propert ies  
of tumor DNP and of the cells themselves  by the action of various factors  and with the view that loss of malig-  
nancy by cells can be associated with preservat ion of chromosomal  dis turbances [ 14], r epress ion  of the virus 
genome [13],  or cell fusion [10]. 
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