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The  p r i m a r y  s t ruc tu re  of DNA was studied during the per iod of its intensive synthes is ,  using DNA 
f rom the r egene ra t ing  r a t  l ive r  as example .  In the p r e -  and postsynthet ic  period,  v i r tua l ly  no changes oc-  
cu r r ed  in the polynucleotide s t rands  of DNA. In DNA prepara t ions  isola ted during passage  through the S 
per iod,  the densi ty of single b reaks  (probabil i ty of their  formation)  is much  higher  than normal ly .  

According to data in the l i t e r a tu re ,  the biological  function of DNA is a s soc ia ted  with i ts  definit ive phy- 
s i cochemica l  s ta te .  It  has been shown, for  instance,  that DNA isola ted f rom var ious  o r g a n i s m s  (v i ruses ,  
bac te r i a ,  an imals ,  and plants) is comple te ly  or  par t ia l ly  denatured in the period of rep l ica t ion  [14, 15, 17]. 
Some p o l y m e r a s e s  a r e  also known to ut i l ize only denatured f o r m s  of DNA as p r i m e r  for  rep l ica t ion  in vi t ro  
[7], The main  difficulty when studying tile phys icochemica l  s tate  of DNA during these  vi tal ly impor tan t  func- 
tions is the need for  l a rge  quantit ies of homogeneous m a t e r i a l .  This  condition can be sat isf ied only in the 
case  of cu l tures  synchronized with r e s p e c t  to thei r  cycle  of division. 

A convenient  object  for  invest igat ion of the s ta te  of DNA in var ious  s tages  of the mitot ic  cycle  is the 
r egenera t ing  l iver .  Pa r t i a l  hepatec tomy is a s t imulus  to cell  d i v i s i o n - a f t e r  the operat ion,  intensive p r e -  
para t ion  for  mi to s i s  begins  in the cel ls  of the res idua l  par t  of the l iver ,  and to some extent they pass  through 
all per iods  of the mi to t ic  cycle  synchronously .  In te res t ing  data regard ing  the s ta te  of the secondary  s t r u c -  
ture  of DNA in different  s tages  of the mi to t ic  cycle,  with DNA f rom regene ra t ing  r a t  l iver  as the example,  
we re  obtained by Salganic and c o - w o r k e r s  [2, 16]. They showed that DNA, isolated f rom regenera t ing  r a t  l ive r  
24 h a f t e r  hepatec tomy,  i .e. ,  the per iod of m o s t  intensive repl icat ion,  is par t ia l ly  (by 10-15%) denatured.  
This  injury to the hydrogen bonds is not r evea led  by the prof i le  of the mel t ing  curves ,  but can be detected 
only by in terac t ion  between the denatured groups  and formaldehyde or  SME-carbodiamide ,  o r  by their  f r a c -  
t ionation with ch lo roform.  

In the p r e s en t  invest igat ion poss ib le  changes in continuity of the p r i m a r y  s t ruc tu re  of-DNA (the ap-  
pea rance  of single b r eaks  in i ts  polynucleotide chains) in a per iod of intensive DNA synthes is  were  studied, 
using as  example  DNA f r o m  regenera t ing  ra t  l ive r  a f t e r  par t ia l  hepatectomy.  

Such an invest igat ion is in te res t ing  f rom two viewpoints.  F i r s t ,  it is known that zones of mel t ing  of 
hydrogen bonds can fo rm around single b r e a k s  [5]. Quanti tat ive de te rmina t ion  of these  defects  can thus 
help to elucidate the m e c h a n i s m s  leading to the appearance  of denatured f o r m s  of DNA in vivo. Second, in 
r ecen t ly  published pape r s  [12, 13], data a r e  given indicating that  single b r eaks  appear  during rep l ica t ion  
of phage and bac te r i a l  DNA. I t  was t he re fo re  important ,  in pr inciple ,  to demons t r a t e  that common changes 
can take place in DNA in objec ts  posses s ing  different  levels  of biological  organizat ion.  
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Fig. 1. Changes in c h a r a c t e r -  
istic v iscosi ty  and, consequent-  
ly, in molecular  weight of DNA 
from regenerat ing l iver  isolated 
at var ious t imes after  part ial  
hepatectomy. Abscissa ,  t ime 
after  operat ion (in h), ordinate 
(left) - charac te r i s t i c  viscosity,  
( r igh t ) -  molecular  weight; 
a) charac te r i s t i c  v iscos i ty  of 
NDNA; b) molecular  weight of 
NDNA; c) charac te r i s t i c  v i sco-  
sity of SDNA; d) molecular  
weight of SDNA. 
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Fig. 2. Accumulation of single 
breaks  in DNA molecule  dur-  
ing period of intensive DNA 
synthesis.  Abscissa ,  t ime af-  
ter  operation (in h), ordinate 
(left) number of breaks  in 
DNA molecule (f}, (right) den- 
sity of breaks  in DNA mole-  
cule (p); a) number of breaks;  
b) density of breaks.  

TABLE 1. Accumulation of Breaks  in DNA 
Macromolecule  at  Various Times  after  Opera-  
tio n 

b I 

12 0 
24 4,0 
48 0,3 

Significance of Significance of 
difference o t - oo difference 

No difference I 0 I No difference 
Significant (t >3)I 300.10 -6 Significant (t >3) 
Not significant i 21- 10-6 Not significant 

(t < 3) I (t < 3) 

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

DNA was isolated from the l iver of male noninbred albino ra t s  
weighing 130-180 g by Georgiev ' s  phenol method [1], which is r e -  
garded as blocking enz~ne  sys tems  including those which could 
lead to destruction of the DNA maeromolecule .  Part ia l  hepatectomy 
was ca r r i ed  out by the method of Higgins and Anderson [10]. The 
following t imes were chosen for" isolation of DNA after  part ial  hepa- 
tectomy; 12, 22-24, and 48 h. The t ime of 22-24 h after  operat ion 
was chosen on the basis  of resu l t s  obtained by Dashkevich and co-  
workers  [2], 3ccording to whom changes in the secondary DNA 
st ructure  reached a maximum at this period. The DNA concent ra-  
tion was determined by Spirin~s method [4], protein by Lowry ' s  
method [ 11], and RNA by the Schmid t -  T h a n n h a u s e r -  Schneider 
method. The molecular  weight of the DNA preparat ions was est i -  
mated v iscos imetr iea l ly  in a low-gradient  v i scos imete r  of the Ost-  
wald type with flow gradients  of 60, 40, and 20 sec - i .  To calculate 
the molecular  weight of native DNA (NDNA) the formula  suggested 
by Crother  and 7 imm [8] was used. Separation of the DNA strands 
was ca r r i ed  out in phosphate buffer, pH 7.0, by 0.01 M Na + [9] at a 
t empera ture  of 92-94 ~ followed by rapid cooling. When calculating 
the molecular  weight of s ingle-s t randed DNA (SDNA) on the basis  
of the charac te r i s t ic  v iscosi ty  ([~? ]= KM c~) it was assumed that ~ = 
0.94 and K =  26 �9 10 -6. These values of ~ and K were suggested by 
Eigner and Doty [9] for s ingle-s t randed DNA preparat ions  with a 
G-C content of 42%; the content of G-C pairs  in r a t  l iver  is about 
42-45~c of the total content of bases  [18]. The melt ing tempera ture  
of DNA was measured  on the SF-4 spect rophotometer  in the rmo-  
statically controlled quartz cells. 

All resul ts  were subjected to stat ist ical  analysis.  

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

Compar ison of the charac te r i s t i c  viscosi t ies  of DNA prepa-  
rat ions isolated at various t imes of regenerat ion,  and the molecular  
weights calculated from them, revealed no stat is t ical ly significant 
differences from normal (Fig. 1). The preparat ions  of double- 
stranded DNA obtained before and after  part ial  hepatectomy were 

charac te r ized  by equal values of melting tempera ture  and identical shapes of the melting curves  (T m = 82 
2* at an ionic strength of 0.2), and also by an identical percentage RNA content(4.5 ~ 2%). This does not 
mean, however, that in the period of DNA repl icat ion no changes take place in its polynucleotide strands.  
To investigate the state of the p r imary  s t ruc ture  of DNA at a period of intensive DNA synthesis ,  and also 
in the p re -  and postsynthetic period, DNA strands were separated and cer ta in  molecular  pa ramete r s  of 

1398 



s ing le - s t r anded  segments  were  de termined.  After  heat t r ea tmen t  of NDNA, in every  ease  Wpieal single 
polynucleotide chains (PG >- 15 and T P V m  3) [5] were  obtained in every  case ,  so that when the i r  c h a r a c t e r -  
is t ic  v i scos i ty  was compared ,  this gave an e s t ima te  of the degree  of continuity of the p r i m a r y  DNA s t r u c -  
tu res .  

Knowing the c h a r a c t e r i s t i c  v i scos i ty  ofNDNA and of the cor responding  SDNAS, the number  of single 
b reaks  in the DNA chains fo rmed  by isolat ion of NDNA through heat  t r ea tmen t  during separa t ion  of the DNA 
s t rands ,  o r  for other r ea sons ,  can be calculated.  The number  of single b reaks  leading to degradat ion of the 
po lymer  is de te rmined  f rom the fo rmula  [6]: 

Mntheor 
f = .  - 1 ,  

Mnexp 

where  f r e p r e s e n t s  the number  of b r eaks ,  Mntheor the mean  theore t ica l  mo lecu l a r  weight of SDNA, 
and Mn exp the mean  m o l e c u l a r  weight of 8DNA obtained exper imenta l ly .  Provided that 

M~ 
=0.94 Mn-- 1.97 

or 

then 

Mwtheor 

1.97 
f= 

Mw exp 

1.97 

-1,  

Mw theor 
f= - 1 ,  

MweXp 

where  M w r e p r e s e n t s  the weighted m e a n  m o l e c u l a r  weight. 

F rom the value of f the number  of b r e a k s  can be de te rmined  not in the whole NDNA molecules~but 
only in that  par t  of the polynucleotide chain which p o s s e s s e s  a definite c h a r a c t e r i s t i c  v i scos i ty  and a definite 
weighted mean  mo lecu l a r  weight, ca lcula ted  f rom the formula:  

IT1] : 2 6 . 1 0 - - 6 M ~  :94. 

To obtain m o r e  comparab le  r e su l t s ,  the density of f ragmenta t ion  of this bond under the exper imenta l  
conditions used was the re fo re  calculated.  The value of p (the density of the breaks)  was de te rmined  by fo r -  
mula  [4]: 

2 [ . w  
P -  o , 

M w  

where  w is the m e a n  m o l e c u l a r  weight-of the nucleotide or  340. 

Values of single b r eaks  and dens i t ies  of single b reaks  in polynucleotide s t rands  of DNA isola ted  at  
different  t imes  a f t e r  par t ia l  hepa tec tomy (12, 24, and 48 tl) a r e  given in Fig. 2. I t  will be c lear  f rom Fig. 
2 and Tab le  1 that in DNA isola ted 24 h af ter  hepatectomy,  i .e. ,  at  a t ime  of intensive DNA synthes is ,  the 
density of single b r eaks  was signif icantly higher than in DNA isolated f rom the intact  l ive r  and also 12 and 
48 h a f t e r  hepatec tomy.  

Knowing the probabi l i ty  of appea rance  of single b reaks ,  the number  of them which can be fo rmed  in a 
molecu le  with a definite mo lecu l a r  weight can be calculated.  For  example ,  in a DNA molecu le  with m o l e -  
cular  weight of about 18 �9 106 about 4.5 single b reaks  may  a r i s e  in the S period,  while in the p r e -  and pos t -  
sYnthetic per iod the m e a n  number  of b r e a k s  per  molecule  is 0.5. 

The m e c h a n i s m  of fo rmat ion  of single b r eaks  and the i r  subsequent  r e p a i r  is not yet  known. T i s su e  
deoxyr ibonuc leases  poss ib ly  play an impor tan t  ro le  in the fo rmat ion  of these  b reaks .  In la te r  per iods  a f -  
t e r  the operat ion,  r e p a i r  evidently takes  place in the DNA molecu les ,  poss ib ly  through c ross - l ink ing  enzy-  
m e s .  
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