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The kinetics of incorporat ion of exogenous homologous DNA into r a t  thymocytes  in vitro were 
studied to examine the effect  of its degree of polymerizat ion on this process .  Depending on 
the degree of depolymerizat ion of the original prepara t ion the pat tern of incorporat ion kinet-  
ics  can vary  from steady to periodic.  The rhythm of incorporat ion is accompanied by cycl ic  
changes in the strength of the bond joining the exogenous mater ia l  to the nuclei. 

Adminis t ra t ion of exogenous DNA leads to various biological and biochemical  effects in animals  [3]. 
Most attention has been paid to the radioprotect ive proper t ies  of DNA [7, 11]. A few studies of the kinetics 
of penetrat ion of exogenous mater ia l  have been published,but they were ca r r i ed  out only with h igh-polymer  
DNA [8]. However,  there is reason  to question the view that some effects are  induced only by h igh-polymer  
prepara t ions  [11]. 

The object of this investigation was to study the effect  of the degree of polymerizat ion on the quanti- 
tative and qualitative charac te r i s t i c s  of the kinetics of DNA incorporat ion into r a t  thymocytes .  

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

Thymocytes  were obtained f rom the thymus glands of noninbred male albino ra t s  weighing 100-120 g 
and suspended in HanksTs medium. The cell suspension in a concentrat ion of 2.6 • 10 ~ ce l l s /ml  was in- 
cubated for 120 min at 37~ with constant  mixing. The state of the cells  was moni tored by eosin tests .  Rat 
thymus DNA was obtained by the K i r b y - G e o r g i e v  method [1]. The hyperchromic  effect  was 39-40%, con- 
tamination with RNA (orcine test) did not exceed 1%, and contamination with protein (LowryVs method) did 
not exceed 0.05%. The weighted-mean molecular  weight (M), calculated from the charac te r i s t i c  v4scosity, 
was 1 x 10~daltons. DNAwas labeled in vivo [2] or  in vitro [5]. The specific activity of the prepara t ions  
was 4.0 x 102pulses /min .  ~tg. The labeled preparat ions  were degraded by prolonged keeping at 4~ A 
rough est imate  of the limits of molecular  weight of the f ragments  was obtained from the charac te r i s t i c  
viscosi ty ,  using the two l imiting exponents corresponding to M = 1.12 (a r igid coil) and M = 1.8 (a r igid rod). 
During incubation of the cells  with DNA-H 3 (2.5 gg /ml )  or thymidine (4.3 • 10 -2 t tg/ml) aliquot samples 
were taken f rom the mixture and t rea ted  in var ious  ways [9] depending on the purpose of the individual ex- 
per iments .  A solution of DNA isolated f rom cells [13] or the nuclear  f ract ion [4] was sealed in ampules 
and incubated at 100~ for 3 h to obtain total exchange of the t r i t ium by hydrogen. The liquid f rom the am- 
pules was t reated by vacuum distillation and t r ans fe r red  quantitatively to a liquid scinti l lator (1 ml to 10 
ml of a solution of 3 PPO, 0.3 POPOP,  and 100 g naphthalene in 1 l i ter  dioxan), after  which the rad ioac-  
tivity was measured  with a "Picker"  scinti l lation counter.  The DNA content in each sample was measu red  
(from the spectophotometr ic  data) and the final resu l t  expressed  in pu l se s /min /mg .  
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Fig. 1. Incorpora t ion  of DNA and its deg- 
radat ion  products  into ce l l s  (1) and nuclei 
(2). A) 107 daltons,  B) 106 daltons,  C) 10 s 
daltons,  D) thymidine (3). Ar row indicates  
t ime of addition of acid to incubation m e -  
dium; in th is  case  b roken  line shows d i r ec -  
tion of incorporat ion.  Absc i s sa ,  incuba-  
t i on t ime  (min); ordinate,  quan t i tyo f l abe l  
incorpora ted  into cel l  DNA (pulses/rain)  • 
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E X P E R I M E N T A L  R E S U L T S  

The kinet ics  of appearance  of exogenous DNA in the 
composi t ion of the DNA isola ted f rom the rec ip ien t  cel ls  
or  nuclei is shown in Fig. 1. C lea r ly  the type of kinet ics  
of incorpora t ion  depended on the degree  of po lymer iza t ion  
of the original  p r epa ra t ion  and changed gradual ly  f rom 
monotonous to e x t r e m a l  and per iodic  with an inc rease  in 
the degree  of f ragmenta t ion  of the donor molecu les  (Fig. 
1A, B, C). This  rule  did not extend to incorpora t ion  of 
p r e c u r s o r s  of DNA synthes is  (Fig. 1D). The per iodic i ty  
of incorpora t ion  (Fig. 1B, C) can a r i se  only if the ce l l s  
behave synchronously  re la t ive  to the subs t ra te .  On the 
bas i s  of the es tab l i shed  dependence of the p roces s  on pH 
[9], the poss ib i l i ty  of synchronizat ion was demons t r a t ed  in 
pr inciple  by rap id  addition of acid to the incubation medium 
(Fig. 1C). In that  case  the viabi l i ty  of the cel ls ,  de t e r -  
mined by means  of the eos in  test ,  r e m a i n e d  unchanged, in- 
dicating the r e v e r s i b i l i t y  of the p roce s s .  

A g r e e m e n t  between the r e s u l t s  of de te rmina t ion  of 
labeled DNA in the composi t ion  of the ce l lu lar  and nuclear  
DNA is in accordance  with data in the l i t e ra tu re  [9] and 
shows that  mos t  of it is bound with the m a t e r i a l  of the 
nucleus and that  the p r o c e s s  is probably  accompanied  (Fig. 
1B, C) by a change in the s tabi l i ty  of the resu l t ing  com-  
plex [12]. Expe r imen t s  accordingly  were  c a r r i e d  out to 
study incorpora t ion  of DNA into the ce l l s  followed by t r e a t -  
men t  of thei r  nuclei with deoxyr ibonuclease  (DNase). The 
r e su l t s  showed that  the s t rength  of the bond between sub- 

s t r a t e  and nucleus v a r i e s  at  different  s tages  of the p roces s .  For  instance,  if  DNA prepa ra t ions  of different  
degrees  of po lymer iza t ion  were  used, DNase t r e a t m e n t  was l ess  effect ive at  the t ime of the m a x i m u m  of 
incorpora t ion  than the min imum.  The per iod ic i ty  of incorpora t ion  is thus accompanied  by per iodic  changes 
in the s t rength of binding. The d i scovery  of this re la t ionship  of e x t r e m a l  type between kinet ics  and degree  
of po lymer iza t ion  indicates  that the c h a r a c t e r  of the p roce s s  is unconnected with the nature of the DNA. 
This  hypothesis  a g r e e s  with the observat ion~ of Schimizu et  al. [14], who found an e x t r e m u m  for  the incor -  
pora t ion  of heterologous  DNA although, unfortunately,  i ts  mo lecu la r  weight was not es tabl i shed.  

Consider ing the evidence for  the fo rmat ion  of a complex of prote in  with exogenous DNA [6] and of i ts  
f ragmenta t ion  in the rec ip ien t  cel ls  [10], on the appearance  of ac id-so luble  products  of exogenous DNA in 
the p r o c e s s  of its incorpora t ion ,  and also the r e s u l t s  of the p resen t  e x p e r i m e n t s , i t  is postulated that  in t e r -  
act ion between the cel l  and exogenous DNA takes  place in cycles  and that  each  cycle cons i s t s  of s e v e r a l  
s tages :  1) incorpora t ion  into the nucleus with the fo rmat ion  of a r e v e r s i b l e  DNP complex;  2) depo lymer i za -  
tion, accompanied  by weakening of the bond fixing the exogenous m a t e r i a l  in the complex;  3) l ibera t ion of 
depolymer iza t ion  products  in to thecy top lasm and medium.  The durat ion of the cycle depends on the degree  
of po lymer iza t ion  of the or iginal  p repara t ion ,  and it is the chief  fac tor  to be cons idered  when the durat ion 
of a kinetic expe r imen t  is chosen. 
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