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Recent  invest igat ions  have shown that  h is tones  in the nucleoprote in  molecule  regula te  the ac t iv i ty  of 
DNA as the genetic t empla te  [2, 7]. I t  has  been d i s cove red  that one of the c h a r a c t e r i s t i c  p r o p e r t i e s  of 
mal ignant  t umor  ce l l s  is d is turbance  of the links between DNA and histone in the ch romat in  appara tus  of 
the nucleus [6, 8]. Litt le is known of the s ta te  of the bond between DNA and pro te in  in the nucleoprote in  
molecule ,  as a lso  of the s ta te  of the s u p r a m o l e c u l a r  s t r u c t u r e  of these  complex  pro te ins  in the init ial  p e r -  
iod of t umor  development .  

The object  of the p re sen t  invest igat ion was to study the t e r t i a r y  and qua te rna ry  s t ruc tu re  of desoxy-  
r ibonucleopro te in  (DNP) iso la ted  f r o m  the spleen and lungs of mice  in the e a r l y  per iod a f t e r  exposure  to 
oncogenic f ac to r s  such as rad ia t ion  and ure thane.  

EXPERIMENTAL METHOD 

Experiments were carried out on noninbred male albino mice, which very rarely develop spontaneous 
leukemia or adenoma of the lungs. Two groups of experiments were carried out. The animals of group 1 
were irradiated 5 times from a 7-ray source in a dose of 400 R at a dose rate of 78 R/min. The intervals 
between irradiation were 30 days. The total dose of radiation received by the mice surviving 5 months 
after the beginning of the experiment (32 of the 125 animals) was thus 2000 R. Under these conditions of 
irradiation, a myeloid form of leukemia develops most frequently among noninbred mice [i]. Groups of 
5-6 mice were sacrificed immediately after the end of irradiation, and after intervals of 24 h and i0 and 
20 days, and DNP was extracted from their spleen tissue. 

The animals of group 2 (125 mice) received a subcutaneous injection of urethane in a dose of I mg/g 
body weight every 3 days. These doses of urethane caused the development of adenoma of the lungs in 
mice 2-3 months after the beginning of administration. The macromolecular structure of DNP from the 
mouse lung tissue was investigated immediately and 24 h and 7, 14, and 30 days after the beginning of the 
experiment. Material from 4 or 5 animals was pooled for one investigation. Morphological changes in the 
lungs were studied at the same time. Pieces of lung tissue taken at the times indicated above were fixed 
in formalin and embedded in paraffin wax, and sections were stained with hematoxylin-eosin. 

The maeromoleeular structure of the DNP was investigated by D. M. Spitkovskii's method, noting the 
formation and relaxation of regularly arranged desoxyribonucleoprotein fibrils [4]. The character of the 
highly elastic deformation of these fibrils gives indirect evidence of the state of the bonds between DNA and 
protein in the nucleoprotein molecule [5]. The dynamics of formation of regularly arranged fibrils and the 
magnitude of their residual deformation reflect changes in the macromoleeular structure of DNP [4]. 

DNP was extracted from the tissue homogenate with 1 M sodium chloride solution. The cytoplasmic 
proteins were removed by washing the material in the cold 5-7 times with physiological saline containing 
0.I M sodium citrate. The value of Ep for the isolated preparations was 6400-6800. The N/P ratio was 
4.5-5 for DNP from the spleen and 11-14 for DNP from the lung tissues. The DNP preparations isolated 
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Fig.  1. Curves  of re laxa t ion  of r egu la r  
f ibr i l s  f r o m  spleen DNP of heal thy mice  
(1) and of mice  r ece iv ing  f rac t iona ted  
7 - i r r a d i a t i o n ,  immed ia t e ly  a f t e r  the end 
of i r r ad ia t ion  (2) and 24 h (3) 10 days  (4) 
and 20 (5) t he rea f t e r .  Each cu rve  plotted 
f r o m  resu l t s  of obse rva t ions  on c o n t r a c -  
tion of 20-30 f ib r i l s .  Abscissa)  t ime  (in 
rain), ordinate) length of f ib r i l s  (in percent) .  
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Fig.  2. Curves  of re laxa t ion  of r egu la r  
f ibr i l s  f r o m  DNP ex t rac ted  f r o m  lung t i s -  
sue of heal thy mice  (1) and mice  r e c e i v -  
ing urethane,  24 h (3), and 7 (4), 15 (5), 
and 30 (6) days a f t e r  beginning of admin-  
i s t ra t ion .  Each curve  r e p r e s e n t s  the mean  
of 40-60 obse rva t ions .  

f r o m  each organ were  essen t ia l ly  indist inguishable in mo le -  
cular  weight, which var ied  f r o m  19 • 106 to 22 x 106. The 
r e su l t s  of the observa t ions  were  subjected to s ta t i s t i ca l  
ana lys i s .  

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

The re su l t s  a r e  given in Figs .  1 and 2. Relaxat ion 
of the r egu la r ly  a r r anged  DNA f ibr i l s  f r o m  the spleen of 
mice  sac r i f i ced  at once and 24 h a f te r  the end of i r r a d i a -  
tion was dis turbed (Fig. 1). The f ibr i l s  at this  per iod were  
l ess  able to undergo highly e las t ic  deformat ion ,  and the 
phenomenon of plast ic  flow of the po lymer  was obse rved  
Fig.  1, 2 and 3). Whereas  the r egu la r  DNA f ibr i l s  f r o m  the 
spleen of heal thy mice  re laxed  in 5 rain, when the i r  length 
was reduced by 30%, DNP f ibr i l s  f r o m  the spleen of mice  
examined immedia te ly  a f t e r  the end of i r rad ia t ion  o r  a f te r  
an in terva l  of 24 h cont rac ted  by only 25 and 18% r e s p e c t -  
ively (Fig.  1, 1-3). The abil i ty of the r egu la r  DNP f ibr i l s  
f r o m  the spleen of mice 24 h a f t e r  the las t  i r r ad ia t ion  to 
re lax  was pa r t i cu la r ly  s e v e r e l y  d is turbed.  Relaxat ion of 
these  f ibr i l s  ceased  a f t e r  4 rain, whereupon the i r  length 
actual ly  i nc reased  sl ightly because  of commenc ing  po lymer  
flow (Fig. 1, 3). The d i f fe rences  in behavior  of r egu la r  
DNP f ibr i l s  f rom the spleen of heal thy and i r r ad i a t ed  an i -  
ma l s  descr ibed  above a re  s ta t i s t i ca l ly  significant  (P <0.05). 

The course  of re laxa t ion  of r egu la r  f ibr i l s  f r o m  DNP 
ex t rac ted  f r o m  the spleen of mice  sac r i f i ced  10 and 20 days 
a f t e r  the end of i r rad ia t ion  was the s a m e  as  that  of DNP 
f ibr i l s  f r o m  the spleen of heal thy an imals  (Fig. 1, 1, 4, 5). 
The slight d i f fe rences  in the dynamics  of cont rac t ion  of 
these f ibr i l s  a f te r  the 5th minute of observa t ion  were  not 
s ta t i s t i ca l ly  signif icant .  Regenera t ion  is known to be a 
prominent  fea ture  in the spleen of i r r ad ia ted  an imals  at 
this t ime .  Probab ly  the m a c r o m o l e e u l a r  s t ruc tu re  of DNP 
in the newly fo rmed  ce l l s  was not s ignif icantly different  
f r o m  no rma l .  

The r e su l t s  desc r ibed  above show that  f rac t iona ted  7 - r a y  i r rad ia t ion  of mice  causes  a t r ans ien t  d i s -  
tu rbance  of the m a c r o m o l e c u l a r  s t ruc tu re  of the DNP in hemopoiet ic  t i s sue  cel ls .  The d e c r e a s e  in highly 
e las t ic  p rope r t i e s  of the r egu la r  DNP f ibr i l s  and the intensi ty  of po lymer  flow indicate changes in the t e r -  
t i a r y  and qua te rna ry  s t ruc tu re  of these  complex  pro te ins .  

Regula r  f ibr i l s  f r o m  DNP ex t rac ted  f r o m  the lung t i s sue  of mice  sac r i f i ced  immed ia t e ly  and at in- 
t e rva l s  of 7, 15, and 30 days a f t e r  the beginning of ure thane admin is t ra t ion  re laxed  just  like f ibr i l s  f r o m  
DNP of the lung t i s sue  of healthy an imals  (Fig. 2, 1, 2, 4-6).  The slight d i f fe rences  in behav ior  of these  
s t ruc tu r e s  were  not s t a t i s t i ca l ly  significant .  The f ibr i l s  cont rac ted  for  6-7 rain, shor ten ing  on the ave rage  
by 37% of the i r  init ial  length. Star t ing f r o m  the 7th minute,  re laxa t ion  ceased  and no fu r the r  change in the 
length of the f ibr i l s  took place before  the end of the observa t ions .  

DNP f ibr i l s  f r o m  the lung t i s sue  of mice  sac r i f i ced  24 h a f te r  injection of ure thane behaved r a th e r  
di f ferent ly  (Fig. 2, 3). Star t ing f r o m  the 5th minute of observat ion,  they cont rac ted  m o r e  in tensively  than 
the o thers .  At the 6th minute a f t e r  the expe r imen t  began they had shor tened by 39%, and at the 10th minute 
by 41% of the i r  ini t ial  length. Although the d i f ference  in the degree  of cont rac t ion  of r egu la r  DNP f ibr i ls  
f r o m  the lung t i s sue  of mice used in the expe r imen t  24 h a f t e r  injection of ure thane and of the control  an i -  
mals  was smal l  (Fig.  2), neve r the l e s s  it  was s ta t i s t i ca l ly  significant,  (P < 0.05). These  changes in behav ior  
of the r egu la r  f ibr i l s  a r e  evidence of i nc reased  f lexibil i ty of the DNP m a c r o m o l e c u l e s  at this  per iod.  
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Pa ra l l e l  with the study of the m a c r o m o l e c u l a r  s t r u c t u r e  of the DNP, the lungs of the mice rece iv ing  
ure thane were  invest igated his to logical ly .  This  showed that ure thane  p o s s e s s e s  a marked  oncogenic act ion.  
By the 15th day mos t  an imals  inves t iga ted  showed a c l ea r  pro l i fe ra t ion  of the a lveo la r  epi thel ium with 
thickening of the in t e ra iveo la r  septa .  In the lungs of the mice  inves t igated one month a f t e r  the beginning of 
ure thane  adminis t ra t ion ,  bes ides  the p ic ture  desc r ibed  above,  c lu s t e r s  of p ro l i f e ra t ing  ce l l s  could be seen  
under  the p leura  and nea r  the bronchi .  These  cel ls  d i f fered f r o m  the a lveo la r  epi thel ium in the i r  n a r r o w e r  
cytoplasm,  often appear ing  as  a c r e s c e n t  d isp lac ing the hype reh romic  nucleus toward the edge. Changes 
of this type in the lung t i s sue  of mice  r e p r e s e n t  an ea r ly  s tage  of development  of adenoma [3]. This  group 
of expe r imen t s  showed that the development  of the neoplas t ic  p roce s s  in the mouse lungs under  the inf lu-  
ence of ure thane  was not accompanied  by prolonged changes  in the m a c r o m o l e c u l a r  s t r u c t u r e  of the DNP 
in the lung t i s sue  ce l l s .  

It may  be concluded f r o m  the r e s u l t s  desc r ibed  above that in the ea r ly  per iod a f t e r  exposure  of an i -  
ma l s  to carc inogenic  agents  such as 7 - r a y s  and ure thane  (under conditions giving max ima l  t umor  p roduc-  
tion), t r ans i en t  changes are obs e rved  in the t e r t i a r y  and qua te rna ry  DNP s t ruc tu re .  Changes in DNP s t r u c -  
ture  caused by these  carc ionogens  d i f fer  in c h a r a c t e r .  At the end of f rac t iona ted  7 - r a y  i r rad ia t ion  of mice  
a t e m p o r a r y  d is turbance  of the t e r t i a r y  and qua te rna ry  s t ruc tu re  of DNP in the hemopoie t ic  t i ssue  was 
obse rved .  The d e c r e a s e  in highly e las t ic  de format ion  of the r egu la r  DNP f ibr i l s ,  and the development  of a 
p r o c e s s  of  po lymer  flow a r e  evidence of weakening of the bonds between DNA and pro te in  in the nuc leo-  
pro te in  molecule ,  and of a weakening of the fo rces  of  i n t e rmoleeu la r  in te rac t ion  in the m a c r o m o l e c u l a r  
s t ruc tu re  [4, 5]. Urethane caused  il l-defined changes in the t e r t i a r y  s t ruc tu re  of DNP f r o m  the lung t i s su e  
24 h a f t e r  adminis t ra t ion .  The i n c r e a s e  in highly e las t ic  p r o p e r t i e s  of the r egu l a r  DNP f ib r i l s  at this  p e r -  
iod denotes an i n c r e a s e  in the s t rength  of the bond between DNA and pro te in  in the nucleoprote in  m o l e -  
cule [5]. 

Although the changes desc r ibed  above a r e  t r ans i en t  in c h a r a c t e r ,  they may  be biological ly  impor tant ,  
being respons ib le  for  d is turbance  of the ac t iv i ty  of DNA as the genetic t empla te .  Deviat ions  in the t r a n s -  
c r ip t ion  of genetic informat ion  m a y  be induced both by d is turbance  of in terac t ion  between DNA and histone 
in the nucleoprote in  molecule  and by changes in its m a c r o m o l e c u l a r  s t ruc tu re  [7, 9, 10].* 
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