
Pidot et al .  [11] found wide individual var ia t ions  between IN t i t e r s  in leukocyte cul tures  obtained f rom 
different  individuals and s t imula ted  by Newcas t le  d i sease  v i rus .  Cons iderab le  var ia t ions  in IN t i t e r s  also 
were  obse rved  in the s a m e  subjects  during a long (18 months) per iod of  observa t ion ,  poss ib ly  in connection 
with the functional s ta te  of  the lymphocytes  producing IN. The ro le  of the genotypic c h a r a c t e r i s t i c s  of the 
individual in the mani fes ta t ion  of this  p roce s s  [1] has been conf i rmed  in genetic  s tudies on inbred mice  with 
t ransplan ta t ion  of bone m a r r o w  cells  [10]. 

Taking into account the data in the l i t e r a tu re  and the r e su l t s  o f  the p r e sen t  exper iments ,  a final conclu-  
sion on the value of the in te r fe ron  format ion  t e s t  as a means  of es t imat ing  functional act ivi ty of human lympho-  
cy tes  can be drawn when the r e su l t s  of invest igat ion of the s ame  subjects  at different  thne  in terva ls  a r e  av a i l -  
able.  Work a imed  at  obtaining such r e su l t s  is now in p r o g r e s s .  
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A M O U N T  O F  E X O G E N O U S  L I N E A R  DNA T A K E N  U P  B Y  

E s c h e r i c h i a  c o l i  C E L L S  T R E A T E D  W I T H  C a  ++ C A T I O N S  

M.  I .  B u k r i n s k i i  a n d  A .  G.  S a b e l ' n i k o v  UDC 579.842.11:579.254.22 
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T r e a t m e n t  of E s c h e r i c h i a  coli  ce l ls  with Ca ++ cat ions,  f i r s t  used  by Mandel and Higa [3], enables  exog-  
enous DNA to be introduced into this  natura l ly  un t r ans fo rmab le  m i c r o o r g a n i s m .  However ,  the  f requency of 
ch romosoma l  t r ans fo rma t ion  obtained by what is cu r ren t ly  the m o s t  widely used technique is e x t r e m e l y  low, 
at  bes t  10-7-10 -8 [1]. Meanwhile the quantity of  i r r e v e r s i b l y  adsorbed DNA (i.e., not r emoved  by washing 
out and r e s i s t a n t  to the act ion of deoxyribonuelease)  on Ca++- t rea ted  ce l l s  is quite cons iderab le  [4]. I t  can 
thus be tenta t ively  suggested that  only a smal l  propor t ion  of this DNA pene t ra t e s  into the cy top lasm.  I t  is 
a lso poss ib le  that  penet ra t ion  of DNA into the cy top lasm takes  place  effect ively,  but the DNA is then quickly 
broken down by the action of tn t race l lu la r  enzymes  and loses  its t r a n s f o r m i n g  act ivi ty .  The poss ib le  influence 
of var ious pos t recombina t ion  p r o c e s s e s  on the appearance  of the t r a n s f o r m a n t s  l ikewise  cannot be ruled out. 
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TABLE I. Adsorption of DNA on Ceils Treated 
with Ca ++ and on Spheroplasts Obtained from 
These Cells in Saturating DNA Concentrations 
(13 ~g /ml )  

T e s t  

object 

Cells 

Spheroplasts 

D N A  

D S  
ss 

i IC 7623 recBC 'l AB 1157 

~altons 
per cell }per cell % 

3,9.1o 7 3,4 
6,4.1o 7 5,6 

2,4. IO 7 2, l 
3,7. lo 7 3,2 

% 

4,5-10 v 3 ,2  
6 ,6 .10  v 5,8 

2 , 1 . I 0  v 1,8 
3 ,2-10 v 2,8 

Legend. DS) Double-s t randed,  SS) s ing le -  
s t randed DNA; total  exogenous DNA added to the 
s am p l e  (3.9 #g) taken as 100%; r e su l t s  given 
a re  means  of five independent m e a s u r e m e n t s .  

3 

J ___L. J _ - 

20 88 ~g r a i n  

Fig. i. Kinetics of accumulation 
of acid-soluble fraction of exog- 
enous DNA in E. coli cells. Ab- 
scissa, time of incubation of cells 
with DNA at 37"C; ordinate, amount 
of acid-soluble DNA (in % of total 
DNA bound with spheroplasts, taken 
as 100%). I) Control sample: 0.I 
ml DNA incubated for 20 rain at 
0~ with 0.2 ml AB 1157 cells (not 
treated with Ca++); 2) strain IC 
7623; 3) strain AB 1157. 

In this invest igat ion an a t tempt  was made  to e s t ima te  the quantity of  l inear  exogenous DNA enter ing E_. 
colt  ce l l s  t r ea t ed  with C a ++ cat ions by a d i rec t  method: by de te rmin ing  the degree  of degradat ion of exogenous 
DNA taken up by the cel ls  by tn t race l lu la r  nuc leases .  

EXPERIMENTAL M E T H O D  

Stra ins  KI2IC 7623 (recB21, recC22,  sheB15) andAB 1157 of E. coli were  used as rec ip ients .  [14C]DNA 
was isola ted by using a thymine-dependent  mutant  of  s t ra in  IC 7623 obtained with the aid of t r ime thop rh n .  
DNA was isola ted by the method of Cosloy and Oishi [1]. Some phys icoehemica l  p a r a m e t e r s  of this isolated 
DNA were:  hype rch romie  effect  21%, OD26JOD290=l.76, specif ic  act ivi ty  2• 104 cpm//~g.  E x p e r i m e n t s  to 
m e a s u r e  adsorpt ion were  c a r r i e d  out as descr ibed  in [4, 5]. To obtain spherop las t s ,  twice-washed  cel ls  with 
DNA adsorbed  on them were  concent ra ted  to 5 • 109 c e l l s / m l  and conver ted  into spherop las t s  by t r e a t m e n t  with 
lysozyme-EDTA as descr ibed  p rev ious ly  [4]. In s o m e  cases  the spherop las t s  were  t r ea t ed  with deoxyr ibo-  
nuclease  (20-40 # g / m l ) .  

To invest igate  the kinetics of  DNA degradat ion in E .  coli  ce l ls  t r ea t ed  with Ca ++ cat ions ,  the mix tu re  
of  cel ls  and DNA was incubated for  20 rain at 0~C and then at 37~ At ce r t a in  t ime  in te rva l s  aliquots f rom 
the mix tu r e  were  diluted with s ix  volumes of cold L broth,  the ce l l s  were  sedimented  by centrffugat ion in the 
cold, resuspended,  and lysed with 0.1N NaOH, and a f t e r  the addition of an equal volume of cold 12% TCA they 
were  centr i fuged.  To de te rmine  ac id -so lub le  radioac t iv i ty ,  aliquots (from 100 to 300/~1) of  the superna tan t  
were  added to 4 m l  of  "min iso lve"  sc in t i l la tor  (from Koch-Light ,  England) and rad ioac t iv i ty  was m e a s u r e d  in 
a M a r k  Il l  liquid scint i l lat ion counter .  
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E X P E R I M E N T A L  R E S U L T S  

F o r  success fu l  genetic t r an s fo rm a t i on  of E .  coli  s t r a ins  defect ive  for  ATP-dependen t  exonuclease  
(recBC), in which no m a r k e d  degradat ion of  the enter ing DNA takes  place,  a r e  used (for example ,  IC 7623). 
However ,  m a r k e d  degradat ion of exogenous DNA can be a convenient  indicator  of the degree  of penet ra t ion  
of DNA inside the rec ip ien t  cel ls  [2]. 

Data on absorpt ion of DNA on cel ls  and spherop las t s  of  two different  s t r a in s  reeBC + (AB 1157) and 
r e c B C -  (IC 7623) a r e  given in Tab le  1. They show that  both s t ra ins  were  s i m i l a r l y  capable  of adsorbing both 
double-s t randed  and s ing l e - s t r anded  exogenous DNA. Denatured DNA, which has no t r a n s f o r m i n g  act ivi ty 
[1], was adsorbed  on these  s t ra ins  just  as well as native DNA. The different  abil i ty of  these  s t r a ins  to under -  
go t r an s fo rma t ion  was thus evidently en t i re ly  due to the different  nuc lease  s ta tus  of the rec ip ien ts .  

If  penetration of DNA into the cytoplasm of the chosen strains differs just as little as adsorption, it 
must be expected that acid-soluble DNA would accumulate, as a result of the activity of intracellular nucleases, 
in strain AB 1157 (exoV +) with an increase in the time of incubation of the cells with exogenous DNA at 37~ 
It will be clear from Fig. 1 that this actually happened. The amount of acid-soluble products increased rapidly 
to reach a maximum after 5 rain of incubation, when it was 40% of the total DNA absorbed on the spheroplasts. 
Aecmnulation of acid-soluble DNA also was observed in the case strain recBC- (IC 7623). In that case, how- 
ever, accumulation of acid-soluble products took place more slowly. Whereas DNA degradation by intracellu- 
far nucleases began immediately after penetration, the process of DNA penetration ended very quickly - after 
2-3 rain. The amount of exogenous DNA which penetrated into the cell, as estimated by the method used, was 
evidently rather on the low side, for probably not all DNA entering the cell is hydrolyzed to acid-soluble frag- 
m ents. 

The re su l t s  demons t r a t e  that  a l a rge  quantity of  the DNA which r e m a i n s  bound to the sphe rop la s t s  pene -  
t r a t e s  into the cy top lasm.  One of the main  causes  of  the low t r a n s f o r m a b i l i t y  o r E .  col i  is evidently tile in ten-  
s ive  degradat ion of exogenous DNA, even in r e c B C -  s t r a in s .  

I. 
2. 
3. 
4. 
5. 
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