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Both the beginning and end of DNA replication in the nuclei of binuclear cells in the r e -  
generating l iver  of ra ts  and mice are  highly synchronized. At the same t ime,  in individual 
stages of the S-period the nuclei of binuclear cells can synthesize different amounts of 
DNA. This suggests  that the beginning and end of DNA replication are regulated in them 
at the level of the cell as a whole, whereas  the amount of DNA synthesized at a given mo-  
ment can be regulated at the level of each individual nucleus. 

Cytological aspects  of DNA synthesis in mononuclear mammalian  cells,  including regenerat ing l iver  
cells,  have been adequately discussed in the l i terature .  Meanwhile, the charac te r  of DNA replication 

in binuclear cells has received relat ively little study [1, 3, 5], and no in- 
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formation regarding DNA synthesis in binuclear cells of the regenerat ing 
l iver  could be found in the l i terature .  Yet the regenerat ing l iver  is a ve ry  
convenient object in which to study this problem, for  it contains a large 
number of binuclear cells (about 30% in the l iver  of intact ra ts  and about 
45% in mice), and they play an equal part  in the prol iferat ive p rocesses  
during regenerat ion as the mononuclear cells [2]. 

The object of the present  investigation was to study the degree of 
synchronization of the beginning and end of DNA replication in both nuclei 
of the binuclear cells of the regenerat ing l iver  and to determine the degree 
of synchronization of DNA replication in these nuclei at individual stages 
of the S-period.  By solving these problems it will be possible to conjec-  
ture  at which level (the cell as a whole or  the individual nuclei) the be-  
ginning and end of DNA replication are  regulated,  and at what level the 
quantity of DNA synthesized in each individual stage of the S-per iod is 
regulated. 

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

The work was ca r r i ed  out on male and female noninbred ra t s  weigh- 
ing about 180 g and on male mice (CBA• C57B1 hybrids) weighing 20-22 g. 
Part ia l  hepatectomy was per formed in the usual way, and the ra ts  were 
sacr i f iced 29 h and the mice 48 h af ter  the operation (at 8 A.M.). 

Thymidine-H 3, in a dose of 0.1-0.25 pCi /g  (specific activity about 
800 ttCi/mmole) was injected intraperi toneally into the ra t s ,  10, 9, 7, 5, 
and 4 h before sacr i f ice  (3-5 animals at each time), and into mice 9 and 
4.5 h before sacr i f ice .  Some of the animals (3 rats) were killed 20 rain 
af ter  receiving the isotope (21 h 20 min af ter  the operation). The lobes 
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TABLE 2. Percentage of Binuclear Cells with Equal or  Unequal Incorporat ion of 
Thymidine-H 3 into Interphase Nuclei in Individual Animals 

Time of sacr i f ice  
Equal incorpo-  
rat ion into both 
nuclei 

Incorporat ion 
into one nucleus 
1.5 t imes  
g rea te r  than 
into other 

Incorporat ion 
into one nucleus 

t w i c e , o r  more  
that observed 
into other nu- 
cleus 

20 rain af ter  in jec t ionof thymidine-H 3 55 27 18 
48 28 24 
64 13 23 

M e a n . . .  56 23 21 

5-7 h af ter  injection of thymidine-H3 60 
58 
66 
65 

62 

22 
20 
13 
20 

19 Mean . . . 

18 
22 
21 
15 

19 

Fig. 1 Fig. 2 

Fig. 1. Late prophases  of binuclear  cel ls :  both prophases  are  labeled in one cell and both are  
unlabeled in the other cell (mice receiving thymidine-H 3 4.5 h before sacr if ice) ,  

Fig. 2. Unequal (a and b) incorporat ion of thymidine-H ~ into interphase nuclei  of binuclear cells 
(rats sacr i f iced  20 min af ter  injection of isotope). 

of the l iver  were perfused with w a r m  (37~ 0.027 M Na citrate in Locke ' s  solution without CaC12, af ter  
which they were incubated (37~ or  left at room tempera tu re  for  10 min. Impress ions  of the l iver  sections 
were fixed in methanol,  coated with type R liquid nuclear  photographic emulsion,  and exposed at 4~ for  
2-4 weeks. After  development, the specimens were stained with Mayer ' s  hematoxylin and the following 
indices determined:  1) the percentage of labeled prophases  of the binuclear and mononuclear  cells and 
2) the intensity of labeling, i .e. ,  the number of s i lver  grains  above the interphase nuclei of the binuclear 
cells in animals  sacr i f iced  20 rain or  5-7 h af ter  administrat ion of the isotope. 

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

The resul ts  of experiments  in which thymidine-H 3 was injected into the ra ts  10-9 and 5-4 h before 
sacr i f ice ,  i .e. ,  at a t ime when most  cells  reaching mitosis  at the t ime of death had s tar ted  or  completed 
DNA replicat ion,  are  given in Table 1. Determination of the label above the prophases  of the binuclear  cells 
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showed that,  as  a rule (with ve ry  few exceptions) ,  e i ther  both a re  labeled or  both a re  unlabeled. This  in- 
dicates  that the beginning and end of DNA repl icat ion,  i . e . ,  the beginning and end of the S-per iod,  in the 
nuclei of b inuclear  cei ls  of the regenera t ing  ra t  l i ve r  a re  synchronized.  The number  of labeled p rophases  
of the b inuelear  cel ls  in each  animal  at all  t i m e s  a f te r  injection of thymidine-H3 was  about the same as 
the number  of labeled p rophases  in mononuclear  cei ls .  

The r e su l t s  obtained for  mice were  absolutely analogous.  When thymidine-H~ was given 4.5 h before  
sacr i f ice  (at the end of the S-period:, many of the cel ls  reaching prophase  of mi tos i s  by the t ime  of s a c r i -  
fice) both p rophases  of the binuclear  cel ls  were  e i ther  labeled or  unlabeled (Fig. 1; 100 p rophases  of bi -  
nuc lear  ce l l s  counted in 2 mice) ,  while the number  of labeled p rophases  of b inuclear  cei ls  in each  animal  
was about the same  as the number  o f  labeled p rophases  of mononuclear  cel ls .  When thymidine-H 3 was given 
9 h before  sacr i f i ce  (the f i r s t  few hours  of the S-per iod) ,  both p rophases  of the b inuclear  cei ls  were  labeled 
in 100% of cases  (25 p rophases  of b inuclear  cel ls  were  counted in each  of 2 mice).  Consequently,  in mice  
just as in r a t s  m a r k e d  synchronizat ion of the beginning and end of DNA repl ica t ion was found in both nuclei 
of the b inuclear  cells.  

The few except ions which were  found (7 of 715 p rophases  of b inuclear  ce l l s  in r a t s  and 2 of 250 in 
mice ,  i .e . ,  about 1%), indicate that some degree  of a synchron i sm is poss ib le  at the beginning and end of 
the S-per iod  in a smal l  proport ion of cel ls .  

The fact  that  a f t e r  adminis t ra t ion  of thymidine-H 3 the number  of labeled p rophases  of b inuclear  cel ls  
at the beginning and end of the S-per iod  cor responded  approx imate ly  to the number  of labeled p rophases  
of mononuclear  cel ls  of the same  animal  indicates equal var iab i l i ty  in the duration of the G 1- and G2-periods 
of these  cel ls .  

The r e su l t s  of counting the number  of s i lve r  g ra ins  above the in terphase  nuclei  of the b inuelear  cel ls  
of the regenera t ing  r a t  l ive r  a r e  given in Table 2. In an imals  sac r i f i ced  20 min a f t e r  injection of t hymi -  
dine-H a, the number  of s i l ve r  g ra ins  above both nuclei  was  about equal in 56% of the b inuclear  ce l l s  (the 
difference was not more  than 10-20%). In the r e m a i n d e r  (44%) the number  of g ra ins  ove r  one of the nuclei 
was 1.5-2 t i m e s  higher than the num ber  over  the other  (Fig. 2). This  indicates that in a la rge  number  of 
b inuelear  cel ls  incorpora t ion  of p r e c u r s o r s  into DNA in one of the nuclei is g r e a t e r  at cer ta in  s tages  of 
the S-per iod  than in the other ,  or  in other  words ,  that different  amounts  of DNA are  rep l ica ted  in these  
nuclei .  If, however ,  the intensity of labeling was de te rmined  above in terphase  nuclei  of b inuclear  cel ls  of 
an imals  sac r i f i ced  a f t e r  a longer  in terval  (5-7 h a f t e r  injection of the isotope),  the number  of cel ls  with 
unequal incorpora t ion  of thymid ine-H 3 was cons iderably  r e d u c e d -  to 38% (equal incorpora t ion  was newfound 
in 62% of cells) .  

Since the beginning and end of DNA repl icat ion in both nuclei of the b inuclear  cel ls  of the regenera t ing  
l ive r  a re  synchronized,  as was shown above,  and since the nuclei of these  cel ls  a re  equal in ploidy [4], it 
can be postula ted that  the difference in intensi ty of DNA synthesis  in t hem indicates  the p resence  of f luc-  
tuations in the amount of DNA rep l ica ted  in each  nucleus.  Probably  during the S-per iod  nuclei of the b i -  
nuc lear  cel ls  switch repea ted ly  f r o m  the synthes is  of a c e r t a i n m a x i m a l  quantity of DNA to synthes is  of 
its minimal  quantity, and the t ime  of repl ica t ion  of maximal  and min imal  quanti t ies of DNA in one of the 
nuclei does not coincide,  in a high propor t ion of ca ses ,  with the t ime  of repl ica t ion  of the same  quantity 
of DNA in the second nucleus.  

The r e su l t s  thus indicate that  both the beginning and end of DNA repl ica t ion  as  a rule coincide s t r ic t ly  
in t ime  in the two nuclei of b inuelear  cel ls  in the regenera t ing  l iver ,  i .e . ,  they a re  highly synchronized.  
However,  the amount of DNA rep l i ca ted  during a given stage of the S-per iod  in one of the nuclei may differ  
cons iderably  f r o m  that  in the other  nucleus.  

It can accordingly be postula ted that  the beginning and end of DNA repl icat ion in the nuclei of binu- 
c l e a r  cel ls  of the regenera t ing  l i ve r  in r a t s  and mice  are  regula ted  as  a rule  at the level  of the whole cell ,  
whereas  the amount of DNA synthes ized  at a given moment  may be regula ted  at the level  of each  separa te  
nucleus.  
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