
Acta virol. 37: 305-319, 1993 

O K A Z A K I  FRAGMENTS, A CONSTANT COMPONENT O F  A V I A N  
MYELOBLASTOSIS VIRUS CORE-BOUND 7 S D N A  

J. Ř Í M A N ,  A .  Š U L O V Á ,  V .  K A R A F I Á T  

Institute o f  M o l e c u l a r  Genet ics ,  A c a d e m y  o f  Sciences,  166 37 Prague  6, C z e c h  R e p u b l i c  

Received January 20, 1993; revised March 4, 1993 

Summary. - W e  have s h o w n  that the  unusual  CsCl-buoyant density 
and  velocity sedimentation properties o f  the  isolated host 7 S D N A  
species associated wi th  the  core fraction o f  avian myeloblastosis virus 
(AMV) are m a d e  mainly  b y  tight association o f  R N A  pieces preva­
lently joined to  the single-stranded portion o f  this material. It was 
s h o w n  i n d i r e c t l y  o n  s e d i m e n t a t i o n  p a t t e r n s  o f  [ m e -
thyl-3H]thymidine and [14C]uridine double-labelled and glyoxylated 
total A M V  D N A ,  and directly in phosphorylation experiments with 
T4 polynucleotide kinase performed o n  the single-stranded portion 
o f  A M V  D N A  that the R N A - D N A  link in A M V  D N A  is o f  
a covalent nature and that the 5'-terminal end o f  D N A  at the RNA-
D N A  junction is occupied by all four common deoxyribonucleo-
tides. This first evidence o f  the presence o f  Okazaki fragments in 7 S 
A M V  D N A  clearly indicates that this D N A  does not represent 
a randomly fragmented host D N A  included by chance into virions 
but special fragments o f  host D N A  having the properties o f  D N A  
replicative structures with possible consequences for some viral 
function(s) including those involved in virus-cell interactions. 

Key words: AMV core-bound DNA; Okazaki fragments; host nucleic 
acids 

Introduction 

The occurrence o f  small 7 S D N A  molecules was detected in  1970, indepen­
dently in virions o f  Rous sarcoma virus (RSV) (Levinson et al. 1970) and avian 
myeloblastosis virus (AMV) (Říman and  Beaudreau, 1970). Such D N A  species 
were  later f o u n d  in  other so far studied avian and  mammal ian  retroviruses 
(Rokutanda et al., 1970; Biswal et al., 1971; W e b e r  et al., 1973; Puga et al., 1974; 
Deeney  et al., 1976a). A s  s h o w n  i n  the  case o f  A M V  and  MC29 virus, this D N A  
is mostly associated with  the  core fraction (Deeney  et al., 19766). It is o f  host 
origin, as f o u n d  b y  Levinson  et al. (1972) w h o  has demonstrated that RSV D N A  
does not  hybridize w i th  viral R N A  b u t  w i th  chicken D N A .  These  f indings led  to 
a conclusion that this D N A  represents randomly fragmented host D N A  occlu-
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ded  into virions. Essentially similar results were  obtained b y  analyzing the  A M V  
D N A  (Dvořák and Říman, 1980). In contrast to data showing  that RSV D N A  is 
completely double-stranded (Levinson  et al., 1972), the A M V  D N A  was f o u n d  
to b e  composed in part (up to 20 %) o f  single strands (Beaudreau, personal 
communication; Dvořák and Říman, 1980), and our  extensive hybridization 
experiments indicated that this D N A  was complementary to host myeloblast 
D N A  un ique  sequences with low frequency and repetition. W e  also f o u n d  
differences in the kinetics o f  hybridization o f  this D N A  w h e n  hybridized with  
myeloblast D N A  and  with D N A  o f  chick fibroblasts, uninfected and  infected 
with A M V ,  thus indicating a higher amount  o f  these sequences in  myeloblast 
D N A  than in fibroblast D N A  and its elevation in  fibroblast D N A  after A M V  
infection. Finally, w e  f o u n d  that a great heterogeneity o f  this small D N A  
triggered strongly its renaturation abilities (Dvořák and Říman, 1980). In 
addition, the A M V  D N A  has other peculiar features. In isopycnic CsCl gradients 
its broad band has two  main distinct j)eaks or shoulders with densities o f  1.722 
g/cm 3  and 1.709 g/cm 3, respectively (Říman and Beaudreau, 1970; Dvořák and  
Riman, 1980) simulating in  these peak fractions a (G+C)  content o f  63 % and  
43 %, respectively, whi le  melt ing temperature-derived ( G + C )  values are for  both  
peak fractions identical, i.e. 29 % (Dvořák and Říman, 1980). Moreover, this 
D N A  reveals a pronounced labelling velocity and kinetics o f  incorporation into 
virions (Říman, 1971; Říman  et al., 1972) and its synthesis exhibits an unusual  
response to s o m e  inhibitors o f  R N A  (Říman, 1971) and D N A  (Křemen  et al., 
1971) synthesis. A l l  the  above  ment ioned properties o f  A M V  D N A  have indicated that it m a y  
represent s o m e  special fragments o f  host D N A ,  the features o f  wh ich  deserve 
a deeper elucidation, rather than randomly fragmented host D N A .  Being 
convinced that this is true even  now,  after a decade o f  silence o n  this uneasy 
research topic, w e  have returned once more  to studies o f  this D N A .  In this 
paper, w e  present the  first direct evidence that the  core-associated A M V  D N A  
contains components  having properties o f  Okazaki fragments present in eukary-
otic DNA-replicative structures, the features o f  which  contribute to an anoma­
lous physicochemical behaviour o f  this DNA.  All results presented here were 
obtained by analyzing the AMV D N A  isolated from the core fraction o f  7 hours 
old virions produced in vitro by chicken leukaemia myeloblasts. Core fractions, 
checked electron microscopically, were completely void o f  virus particles (Korb 
et al., 1993). 

Materials and Methods 

Chemicals and radioisotopes. T h e  following detergents were used: Sterox (Monsanto,  St. Louis,  
M D ) ,  Nonidct  P-40 (LKB), and Sarcosyl (Serva). Dithiothreitol ( D T T )  and deoxyribomononucleo-
tides were from Calbiochem, and CsCl from B D H  Chemicals Ltd. Formamide and glyoxal (Merck) 
were before u s e  purified according to  Maniatis et al. (1982). Calf thymus D N A  and yeast t R N A  were 
from Calbiochem. All other reagents were o f  corresponding analytical grade. Both [methyl-3H] 
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thymidine  ( 3 H - m T d R  1.5-2.0 T B q / m m o l )  a n d  [ 1 4 C ] u r i d i n e  ( 1 4 C-UR,  14-17 G B q / m m o l )  w e r e  f r o m  
U W V R ,  Prague.  [gamma- 3 2 P]adenosine-5'-tr iphosphate  ( [ g a m m a - 3 2 P ] A T P ,  110 T B q / m m o l )  w a s  
f r o m  NEN. 

Enzymes. R ibonuc lease  A (RNase  A )  W o r t h i n g t o n  Biochemicals  w a s  pr ior  t o  u s e  incubated  i n  10 
mmol/1 s o d i u m  acetate, p H  5.0, a t  9 0  ° C  f o r  15 m i n s  t o  e l i m i n a t e  e n d o n u c l e a s e  act ivi ty a t t ack ing  t h e  
s ing le - s t randed  D N A  ( H i r o s e  et al., 1973). D e o x y r i b o n u c l e a s e  I ( D N a s e  I ,  R N a s e  f r e e )  w a s  f r o m  
W o r t h i n g t o n  B iochemica l s .  S n a k e  v e n o m  p h o s p h o d i e s t e r a s e  ( P h a r m a c i a )  w a s  p r i o r  t o  u s e  dep r ived  
o f  i t s  5 ' -nuc leo t idase  activity a c c o r d i n g  t o  Su lkowsk i  a n d  Laskowsk i  (1971). T 4  p o l y n u c l e o t i d e  k i n a s e  
w a s  f r o m  A m e r s h a m  a n d  p r o t e i n a s e  K (Merck )  w a s  t h e r m a l l y  p r e t r e a t e d  b e f o r e  u s e  (Man ia t i s  et al., 
1982). 

Buffers. T N E  b u f f e r :  0 .1  m o l / 1  N a C l ,  0.01 m o l / 1  T r i s  a n d  0.001 m o l / l  E D T A ,  p H  7.5. T N E D  b u f f e r  
( W e b e r  et al., 1973): 0 .15 m o l / 1  N a C l ,  0 .01  m o l / 1  Tr i s ,  0 .001 m o l / 1  E D T A  a n d  0.005 m o l / 1  D T T ,  p H  
8.0. T E  b u f f e r  a n d  S T E  b u f f e r  w e r e  b o t h  a c c o r d i n g  t o  M a n i a t i s  et al. (1982). D i g e s t i o n  b u f f e r  ( I X ) :  
0.02 m o l / 1  Tr i s ,  0.02 m o l / 1  M g C l 2  a n d  0.005 m o l / 1  C a C l 2 ,  p H  7.4. O t h e r  c o n c e n t r a t i o n s  o f  b u f f e r s  a r e  
appropr ia te ly  i nd i ca t ed  (1 /2 ,  2 X ,  1 0 x ) .  

Tissue cultures and isotopes labelling. W h i t e  L e g h o r n  c h i c k e n s  w i t h  mye lob la s t i c  l e u k a e m i a  
i n d u c e d  b y  A M V  (Říman,  1964) w e r e  a s o u r c e  o f  l e u k a e m i c  m y e l o b l a s t s  cult ivated  in vitro (Říman 
a n d  Beaudreau,  1970). Cel l s  ( 5 - 8 x i 0 7 / m l )  in 60-85  m l  o f  m e d i u m  w e r e  label led w i t h  3 H - m T d R  (1.4 
M B q / m l )  o r  double-label led w i t h  3 H - m T d R  (1.4 M B q / m l )  a n d  1 4 C-UR (96.2 K B q / m l )  f o r  7 hrs ,  a n d  
f o r  additional 7 h r s  a f t e r  m e d i u m  c h a n g e  i n  t h e  p r e s e n c e  o f  t h e  s a m e  isotope(s).  Pooled  
supernatants,  pur i f ied  t w i c e  b y  centr i fugat ion a t  5000  x g  f o r  4 5  m i n s  a t  4 ° C ,  w e r e  u s e d  a s  s t a r t ing  
m a t e r i a l  f o r  v i r u s  i so la t ion  a n d  pur i f i ca t ion .  

Virus isolation. V i r u s  w a s  i so la ted  f r o m  p o o l e d  c u l t u r e  s u p e r n a t a n t s  b y  c e n t r i f u g a t i o n  t h r o u g h  
d i s c o n t i n u o u s  (50 % a n d  2 0  % )  s u c r o s e  g r a d i e n t s  i n  T N E  b u f f e r  a t  5 7  580 x g  f o r  9 0  m i n s ,  a n d  t h e  
v i r u s  co l lec ted  f r o m  t h e  i n t e r p h a s e  w a s  p u r i f i e d  b y  i sopycn ic  ( 5 0 - 2 0  °/o) s u c r o s e  g r a d i e n t  cen t r i fuga ­
t i o n  a t  5 7  688 x g  f o r  12 h r s .  T h e  m a t e r i a l  w i t h  a m e a n  s u c r o s e  d e n s i t y  o f  1.16 g / c m 3  w a s  co l lec ted  a n d  
s e d i m e n t e d  i n  T N E  b u f f e r  a t  5 7  688 x g  f o r  6 0  m i n s .  A l l  h i g h  r a t e  c en t r i f uga t i ons  w e r e  d o n e  a t  4 ° C  
w i t h  a B e c k m a n  c e n t r i f u g e  L 8  8 0  o r  L 2  65B. 

Isolation of AMV core fraction. C o r e  f r a c t i o n  w a s  i so la ted  f r o m  3 H - m T d R - l a b e l l e d  o r  3 H - m T d R -
p l u s  1 4 C-UR- labe l l ed  p u r i f i e d  v i r u s  a c c o r d i n g  t o  S t r o m b e r g  a n d  Li tvak (1973) w i t h  t h e  fo l l owing  
m i n o r  m o d i f i c a t i o n  s h o r t e n i n g  t h e  c o n t a c t  o f  v i r ions  w i t h  t h e  d e t e r g e n t  a n d  s t anda rd i z ing  t h e  c o r e  
recovery .  D i s c o n t i n u o u s  g r ad i en t s  s u p p l e m e n t e d  w i t h  T N E D  b u f f e r  cons i s t ed  o f  4 8  % s u c r o s e  ( 1  
m l ) ,  4 0  % s u c r o s e  (0.5 m l ) ,  2 0  % s u c r o s e  w i t h  5 % S t e r o x  (0.25 m l ) ,  1 m l  o f  v i r u s  s u s p e n s i o n  i n  10 % 
s u c r o s e  a n d  2 m l  o f  T N E D  b u f f e r .  U p o n  e lec t ron-op t i c  eva lua t i on  e a c h  c o r e  f r a c t i o n  i so la ted  i n  t h i s  
w a y  s h o w e d  t h e  p r e s e n c e  o f  u n d a m a g e d  c o r e  s t r u c t u r e s  f r e e  o f  v i rus  par t ic les  ( K o r b  et al., 1993). 

Isolation of labelled AMV DNA. V i r u s  c o r e  f r a c t i o n  w a s  ex t r ac t ed  f o r  3 0  m i n s  a t  0 ° C  i n  0 .1  m l  o f  
T N E D  b u f f e r  w i t h  0 .25 % N o n i d e t  P-40  a n d  0 .5  % Sarcosyl ,  a n d  s u b j e c t e d  t o  i sopycnic  c e n t r i f u g a t i o n  
i n  C s C l  g r ad i en t s  p e r f o r m e d  a c c o r d i n g  t o  B r u n c k  a n d  L e i c k  (1969) a t  147 000 x g  f o r  2 2  h r s  a t  2 2  ° C .  
F r a c t i o n s  o f  t h e  g r a d i e n t  o f  a d e n s i t y  f r o m  1.740 g / c m 3  t o  1.695 g / c m 3  w e r e  p o o l e d ,  d i l u t e d  f o u r  t i m e s  
wi th  1/2 T N E  b u f f e r  a n d  precipitated wi th  e thanol  in t h e  presence  o f  1/20 v o l u m e  o f  3 mol /1  s o d i u m  
ace ta te ,  p H  5.2, f o r  2 4  h r s  a t  - 2 0  ° C .  Prec ip i t a ted  A M V  D N A  w a s  f u r t h e r  p u r i f i e d  b y  (a)  p r o t e i n a s e  
K t r e a t m e n t  i n  t h e  p r e s e n c e  o f  0 . 5  % S D S  a n d  p h e n o l - c h l o r o f o r m  ex t rac t ion ,  ( b )  p h e n o l - c h l o r o f o r m  
ex t rac t ion ,  a n d  (c) r e b a n d i n g  in  C s C l  g rad ien t s .  N o  d i f f e r e n c e s  in  A M V  D N A  p rope r t i e s  w e r e  f o u n d  
u s i n g  t h e s e  v a r i o u s  pur i f i ca t ion  p r o c e d u r e s .  T h e  t o t a l  a m o u n t s  o f  c o r e  A M V  D N A ,  i so la t ed  f r o m  
v i r u s  p r o d u c e d  b y  5 X 1 0 9  cel ls  a t  t w o  7 -h r s  in te rva l s  a n d  e x p r e s s e d  i n  c p m  o f  3 H - m T d R  radioact ivi ty ,  
w e r e  a b o u t  1 x 1 0 s ,  r e p r e s e n t i n g  7 0  % a n d  5 0  % o f  t h e  t o t a l  3 H - m T d R  activity or iginal ly b o u n d  w i t h  
t h e  c o r e  f r a c t i o n  a n d  v i rus ,  respect ively .  

Hydroxylapatite chromatography. Hydroxy lapa t i t e  c h r o m a t o g r a p h y  w a s  p e r f o r m e d  i n  t h e  p r e s e n c e  
o f  5 0  % f o r m a m i d e  a t  2 6  ° C  i n  t h e r m o s t a t e d  wa te r - j acke ted  5 m l  c o l u m n s  a c c o r d i n g  t o  G o o d m a n  et 
al. (1973). P o o l e d  p h o s p h a t e  m o l a r i t y  f r a c t i o n s  c o n t a i n i n g  t h e  s ingle-  a n d  d o u b l e - s t r a n d e d  p o r t i o n s  
o f  A M V  D N A  w e r e  in tens ive ly  d ia lyzed  aga ins t  1 / 2  S T E  b u f f e r  p r i o r  t o  D N A  prec ip i ta t ion  b y  
e t h a n o l  o r  i sop ropano l .  

Denaturation and RNase treatment of AMV DNA. T h e r m a l  d e n a t u r a t i o n  o f  A M V  D N A  s a m p l e s  
w a s  d o n e  i n  1 / 2  T E  b u f f e r  f o r  2 m i n s  a t  9 0  ° C .  G lyoxy la t i on  w a s  p e r f o r m e d  i n  0.5 m o l / 1  glyoxal  a t  
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6 0  ° C  f o r  2 0  m i n .  Sed imen ta t i on  o f  glyoxylated A M V  D N A  w a s  d o n e  i n  suc rose  gradients  con ta in ing  
0.1 mol /1  glyoxal a n d  2 0  m m o l / 1  po ta s s ium phospha t e ,  p H  7.4, according t o  B r u n  a n d  W e i s s b a c h  
(1978). R N a s e  A (50 /zg/ml)  t r e a t m e n t  w a s  f o r  15 m i n s  a t  37  ° C .  

Phosphorylation of AMV DNA. Phosphory la t ion  expe r imen t s  w e r e  d o n e  o n  t h e  s ingle-s t randed 
por t ion  o f  double- label led A M V  D N A ,  which  pr ior  t o  separat ion b y  hydroxylapat i te  c h r o m a t o ­
graphy was  o n c e  m o r e  pur i f ied  b y  isopycnic CsCl  g rad ien t  cent r i fugat ion  a n d  t h e n  isolated a s  
descr ibed  above .  

Mask ing  o f  t h e  f r e e  5 ' - terminal  hydroxyl  g r o u p s  o f  A M V  D N A  b y  T 4  polynucleo t ide  k inase  
phosphoryla t ion  wi th  non- label led A T P ,  a prepara t ion  o f  " m a s k e d "  A M V  D N A  samples ,  w a s  d o n e  
essentially accord ing  t o  H i r o s e  et at. (1973). S e d i m e n t e d  po r t i ons  o f  s ingle-s tranded A M V  D N A  wi th  
a radioactivity o f  1720 c p m  o f  3 H - m T d R  a n d  1560 c p m  o f  H C - U R  w e r e  d e n a t u r e d  a t  90 ° C  f o r  2 m i n s  
i n  a v o l u m e  o f  20 /íl o f  1/2 T E  buf fe r .  T h e  T 4  polynucleotide kinase reactions w e r e  per formed a f ter  
addition o f  corresponding reaction mixture  components  in a final v o l u m e  o f  5 0  //I according t o  
Maniatis  et at. (1982), with fol lowing modifications:  non-labelled A T P  w a s  added  at  a final 
concentration o f  10 //mol/1, t h e  T 4  polynucleotide kinase  20 U at  t h e  beginning a n d  10 U in t h e  
middle  o f  t h e  6 0  m i n s  incubation period. In this  case  t h e  reactions w e r e  per formed at  0 ° C  t o  
e l imina te  t h e  p h o s p h a t e  exchange  accompany ing  a t  h ighe r  t e m p e r a t u r e s  t h e  T 4  polynucleot ide  
kinase react ion (Okazaki  et at., 1975). A f t e r  t h e  arres t  o f  t h e  enzymat i c  reac t ion  (Mania t i s  et at., 1982) 
a n d  c o m p l e m e n t a t i o n  o f  t h e  react ion m i x t u r e  v o l u m e  t o  200 / d  w i th  1/2 T E  buf fe r ,  t h e  s amp le s  w e r e  
extracted with pheno l -ch lo roform a n d  twice wi th  ch lo ro fo rm.  T h e  supe rna t an t s  con ta in ing  extracted 
A M V  D N A  separa ted  b y  cent r i fuga t ion  (Eppendor f ,  5414 S) w e r e  d iv ided i n t o  equa l  pa r t s  a n d  
precipitated in t h e  p resence  o f  1/20 v o l u m e  o f  3 mol /1  s o d i u m  ace ta te  ( p H  5.2) w i th  t w o  v o l u m e s  o f  
i sopropanol  a t  - 2 0  ° C  f o r  24 h r s  ( f u r t he r  i sopropanol  precipi tat ion only) .  T h e  s e d i m e n t e d  precipi tates  
represen ted  t h e  " m a s k e d "  A M V  D N A  sample s  t o  b e  u s e d  f o r  f u r t h e r  t r e a t m e n t .  

A d j u s t m e n t  o f  " m a s k e d "  s amp le s  f o r  phosphory la t ion  wi th  [gamma- 3 2 P]ATP:  s e d i m e n t e d  precipi­
ta tes  o f " m a s k e d "  A M V  D N A  w e r e  dissolved in 50 p \  o f  cold 0.3 N N a O H ,  immedia te ly  neu t ra l ized  
wi th  1 N H C I  a n d  precipitated wi th  2 v o l u m e s  o f  i sopropanol .  O n  t h e  o t h e r  h a n d ,  s e d i m e n t e d  
precipi tates  o f  " m a s k e d "  s amp le s  t o  b e  u s e d  f o r  e x p o s u r e  o f  5 ' - terminal  hydroxyl  g r o u p s  o f  D N A  a t  
t h e  R N A - D N A  j u n c t i o n  f o r  phosphoryla t ion  with [ g a m m a - 3 2 P ] A T P  w e r e  dissolved i n  5 0  f ň  o f  0.3 
N NaOH, incubated f o r  16 hrs  at 37  ° C ,  cooled ,  neut ra l ized  wi th  1 N H C I  a n d  precipitated w i t h  
isopropanol .  

Phosphoryla t ion  reac t ions  b y  T 4  polynucleot ide  k inase  wi th  [gamma- 3 2 P]ATP  o f  " m a s k e d "  a s  well  
a s  o f  alkali hydrolyzed „ m a s k e d "  s amp le s  w e r e  r u n  i n  dupl icates .  T h e  e n d  v o l u m e s  o f  react ion 
mix tu re s  w e r e  25 \i\  a t  a concen t ra t ion  o f  70 n C \  o f  [ g a m m a - 3 2 P ] A T P  p e r  reac t ion  mix tu re .  O t h e r  
cond i t ions  w e r e  t h e  s a m e ,  a s  already descr ibed.  I n  th i s  case,  t o  ge t  rid o f  non- incorpora ted  3 2 P,  t h e  
enzymat i c  reac t ions  w e r e  t e r m ina t e d  b y  addi t ion  o f  7 v o l u m e s  o f  cold  0.5 mo l /1  s o d i u m  phospha te ,  
p H  6.8 a n d  precipi tated i n  t h e  p r e sence  o f  3 0  n g  o f  yeast  t R N A  p e r  s a m p l e  b y  add i t ion  o f  a cold  
m i x t u r e  consis t ing o f  e q u a l  par ts  o f  100 % tr ichloroacet ic  acid ( T C A ) ,  sa tu ra ted  s o d i u m  o r thophosp -
h a t e  a n d  sa tura ted  s o d i u m  pyrophospha te  ( W e b e r  et at., 1971). Precipi tates  w e r e  col lected o n  Synpor  
N o .  6 filters, w a s h e d  t e n  t i m e s  with 5 m l  o f  cold 10 % T C A ,  dr ied  a n d  c o u n t e d  i n  a scintil lation 
l iquid.  

Analysis of deoxyribonucleotide distribution at the RNA-DNA link in single-stranded AMV DNA. 
Por t ions  o f  s ingle-stranded A M V  D N A  wi th  3 H - m T d R  radioactivity o f  1760 c p m  a n d  1 4 C-UR o f  1280 
c p m  w e r e  "masked" ,  alkali hydrolyzed a n d  phosphory la ted  a s  descr ibed  above .  A f t e r  t e rmina t ion  o f  
t h e  reac t ions  b y  addi t ion  o f  2 fi\ o f  0.5 mol /1  E D T A ,  p H  8.0, t h e  reac t ion  m i x t u r e  (25 /il) w a s  
s u p p l e m e n t e d  with 10 /íl o f l O X  S T E  b u f f e r ,  5 //I (10 fig) o f  denatured calf t h y m u s  D N A  dissolved in 
1/2 T E  b u f f e r  and with water  t o  a final v o l u m e  o f  100 //I and extracted b y  t h e  phenol-chloroform 
procedure. T h e  separated supernatants  w e r e  precipitated with isopropanol. Sedimented precipitates 
w e r e  dissolved in 100 /d o f  S T E  b u f f e r  and t h e  3 2 P-labelled DNA w a s  separated f r o m  t h e  unreacted 
[gamma- 3 2 PlATP by spun-column chromatography through Sephadex G 50 (Maniatis  et al., 1981). 
T h e  eluates  w e r e  precipitated with isopropanol. T h e  separated sediments,  dried in v a c u u m  and 
dissolved in 5 fi\ o f  water, w e r e  supplemented with 10 fi\ o f  t h e  digestion b u f f e r  (2X) with DNase  I (5 
/(g) and 5 fi\ (5 /ig) o f  denatured calf t h y m u s  DNA dissolved in 1/2 T E  buf fe r ,  and incubated f o r  60 
m i n s  at  37  "C.  Thereaf ter  2 //I o f  I mol/l glycine-KOH, pH 9.0 and 4 n\ (2.5 f ig)  o f  snake  v e n o m  
phosphodiesterase w a s  added and incubatcd f o r  45 m i n s  at 37  ° C .  T h e  reac t ions  r u n  in dupl icates ,  
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w e r e  s t o p p e d  b y  addit ion o f  2 /A o f  0.5 m o l / l  E D T A ,  p H  8.0 a n d  incubated  2 m i n s  i n  a boi l ing  w a t e r  
bath.  A f t e r  addit ion o f  2 [A o f  a w a t e r  so lut ion o f  u n l a b e l l e d  al l  f o u r  c o m m o n  deoxyr ibonucleot ide  
m o n o p h o s p h a t e s  (2 /zg each)  a s  markers ,  t h e  reaction m i x t u r e  w a s  l o a d e d  o n  a W h a t m a n  3 M M  p a p e r  
a n d  e lectrophoresed i n  0.05 mol/1 d i h y d r o g e n  citrate, p H  3.8 a t  1000 V f o r  6 0  m i n s .  T h e  p a p e r  d i scs  
w i t h  distinctly separated  m a r k e r  spots ,  v i sual ized  b y  UV-l ight  a n d  c u t  o u t  f r o m  t h e  dr ied  paper,  w e r e  
counted i n  a to luene-based scintillation l iquid.  

Assays of3H-mTdR and I4C-UR radioactivity incorporated into A M V  D N A  w e r e  p e r f o r m e d  u s i n g  
convent ional  T C A  precipitation t e c h n i q u e  a n d  count ing  t h e  acid  i n s o l u b l e  radioactivity r e m a i n i n g  
o n  f i l ters  (Synpor  N o .  6, L a c h e m a )  i n  t o l u e n e  scintillation l iquid.  A l l  radioactivity m e a s u r e m e n t s  
w e r e  d o n e  w i t h  a B e c k m a n  l iquid scintillation spect rometer  L S  6000 SE.  

Results and Discussion 

Behaviour of denaturated AMV DNA treated und untreated with RNase in 
isopycnic CsCl gradients 

Our first attempts were directed to the elucidation of  the CsCl buoyant density 
properties of  A M V  DNA which in this case are not influenced strictly b y  the 
(G+C) content, as was  apparent from our earlier data (Dvořák and Říman, 
1980). Similarly, it was  unlikely that the buoyant densities o f  this DNA might b e  
so much influenced by its single-stranded DNA component, since the conver­
sion of  double-stranded D N A  into single strands elevates t h e  CsCl density by 15 
m g / c m 3  only (Smith and  Vinograd, 1972). Therefore  w e  turned o u r  attention 
once m o r e  t o  t h e  possibility tha t  t h e  CsCl buoyant  density properties o f  A M V  
D N A  might  b e  d u e  t o  small R N A  pieces tightly b o u n d  t o  some  of  t h e  A M V  
D N A  molecules. Th i s  possibility was earlier indicated by  t h e  observation of  
Webe r  et al. (1973) tha t  t h e  t reatment  of  MC29 D N A  with RNase  prior t o  
centrifugation in CsCl gradients shifts t h e  density of  a part  o f  this  material t o  
lower density regions. However,  t h e  core A M V  D N A  treated in this way did n o t  
exert reproducibly similar changes (Dvořák and Riman, 1980). From both these 
observations w e  have now concluded that in the case of  our A M V  DNA 
preparations the RNA pieces, if present, may not b e  amenable properly to 
enzymatic digestion and that the A M V  DNA therefore requires an appropriate 
pretreatment. Thermal denaturation appeared to be the pretreatment o f  choice. 

Results summarized in Fig. 1 show that the treatment of  thermally denatured 
3H-mTdR-labelled A M V  DNA with RNase prior to centrifugation in isopycnic 
CsCl gradients leads to pronounced changes in its buoyant density radioactivity 
profile (Fig. 1A). T h e  appearance of  new distinct radioactivity peaks in the low-
density region suggests that part of  A M V  DNA in its native state is attached to 
RNase-sensitive components that influence its buoyant densities. 

The prominent new radioactivity peaks, at CsCl densities of  1.690 g/cm 3  and 
1.670 g/cm3, indicate that in this DNA deprived of  RNA, DNA species of  a lower 
(G+C) content and, consequently, of  a higher content of  (A+T)  o f  69 % and 
80 %, respectively, occurred. 

Some radioactivity still remains after RNase treatment in the higher-density 
regions due to either a higher RNase resistance of  a minor portion of  A M V  DNA 
or its higher (G+C) content. In contrast, the buoyant density radioactivity 



310 ŘÍMAN, J. et al. 

I 73 1.71 

Frtcllom 

Fig. 1 
CsCl b u o y a n t  dens i ty  radioactivity pro f i l e s  
A :  T h e r m a l l y  denatured  a n d  RNase-trea-
t e d  A M V  D N A  ( O  O )  a n d  n a t i v e  
A M V  D N A  ( ). Vert ical  l ine  indi­
c a t e s  d e n s i t y  o f  n u c l e a r  m y e l o b l a s t s  
D N A .  
B :  T h e r m a l l y  d e n a t u r e d  n a t i v e  A M V  D N A  
( •  • )  a n d  n a t i v e  A M V  D N A  
( )• 

profile of  the denatured A M V  DNA untreated with RNase (Fig. IB) shows an 
opposite picture. Most of  the radioactivity of  this material is located in the 
higher-density region with its "core" bound to the density region of the native 
DNA and with a new prominent radioactivity peak at a density of  1.750 g/cm 3, 
suggesting accumulation of  a major part of  RNA-containing DNA liberated from 
A M V  DNA b y  denaturation. Similarly, the new radioactivity zones appearing in 
the low-density ragions may represent A M V  DNA material more extensively 
fragmented by denaturation and so deprived of  the attached RNA species. Thus, 
the behaviour of  denaturated, RNase-untreated A M V  DNA in isopycnic CsCl 
gradients supports additionally the conclusion that the anomalous CsCl buoyant 
density properties of  native A M V  DNA not corresponding to its actual base 
composition, are influenced mainly, besides other extraordinary properties of  
this DNA (Říman et al., 1993; Korb et al., 1993), by attachment of small pieces of  
RNA to this DNA. Such an interpretation of  the results obtained here seems to 
b e  plausible, since the base composition values, like those tentatively depicted in 
Fig. 2, were revealed by evaluating the base composition of  the individual cloned 
and sequenced AMV DNA molecules which were found to b e  prevalently A T  
rich (Říman et al., 1993). In addition, the data on the base composition, 
determined according to Schildkraut et al. (1962) from CsCl buoyant density of  
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denatured, RNase-treated A M V  DNA, corresponded in this case fairly well  to  
those showing a mean (G+C) content of  29  °/o o f  nat ive A M V  D N A  obta ined  
previously (Dvořák and Říman, 1980) f rom  the  denaturation temperature 
according to Marmur and Doty (1962). However,  s o m e  additional changes in 
buoyant densities based  on base  pair mismatching d u e  to the  presence o f  single-
strands and AT-rich D N A  molecules present in A M V  D N A  (Riman et al., 1993) 
cannot b e  excluded (Paleček, 1991). 

Sedimentation behaviour of native and after RNase treatment glyoxylated AMV 
DNA in velocity sucrose gradients 

T h e  demonstrated participation o f  RNase-sensitive components attached to 
A M V  D N A  in its CsCl buoyant density properties consequently needed to b e  
complemented b y  an analysis o f  their possible influence on the  sedimentation 
patterns o f  this D N A  in velocity sucrose gradients. T o  get  more  standardized 
conditions f o r  a final explanation o f  expected possible changes in sedimentation 
properties o f  A M V  D N A  treated with RNase, w e  denatured this material, native 
or enzymatically treated, with glyoxal prior to centrifugation. Results summari­
z e d  in Fig. 3 s h o w  changes  in  sedimenta t ion  propert ies  in  velocity sucrose  
gradients o f  3 H-mTdR-label led  native A M V  D N A  af ter  various t rea tments .  T h e  
radioactivity profi le  o f  nat ive  A M V  D N A  u n d e r  t h e  condi t ions  u s e d  (Fig. 3A) 
shows  a broader  b a n d  wi th  a peak  a t  7.5 S. 

T h e  glyoxylation o f  nat ive A M V  D N A ,  which  converts  t h e  doub le  s t rands  t o  
single s t rands  a n d  keeps  t h e m  in ex tended  configurat ion (McMaster  a n d  
Carmichael ,  1977), m a k e s  t h e  radioactivity sedimenta t ion  profi le  m o r e  distinct, 
wi th  appearance o f  inflections indicating t h e  presence  o f  molecular  species o f  

SO 

70 

EH 
i 40 

T e n t a t i v e  ( A + T )  p e r c e n t  c o n t e n t  o f  D N A s  
i n  7 S  A M V  D N A  

V a l u e s  e s t i m a t e d  a c c o r d i n g  t o  Sch i ldk rau t  
et al. (1962) f r o m  t h e  p e r c e n t  3 H - m T d R -
radioact ivi ty d i s t r ibu t ion  i n  t h e  respec t ive  
C s C l  d e n s i t y  z o n e s  a l o n g  t h e  b u o y a n t  d e n ­
sity p ro f i l e  o f  t h e  t h e r m a l l y  d e n a t u r e d  a n d  
R N a s e - t r e a t e d  A M V  D N A  (Fig .  1A). 
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higher sedimentation rates w h e n  compared with t h e  peak fraction which 
b e c o m e s  sharper and is positioned at 6.5 S. T h e  w h o l e  sedimentation profi le  o f  
A M V  D N A  treated with RNase and thereafter  glyoxylated s h o w s  a vis ible shi f t  
in velocity sucrose gradients t o  the  lower sedimentation region with a peak 
fraction positioned at 5 S w h e n  compared with glyoxylated A M V  D N A  non-
treated with RNase (Fig. 3A).  In this  case  t h e  inflections indicating t h e  presence 
o f  molecules  with higher sedimentation rates are even m o r e  prominent  than in 
the  case o f  glyoxylated native A M V  DNA.  

T h e  sedimentation radioactivity profile o f  RNase-treated non-glyoxylated 
A M V  DNA, w h e n  compared to that o f  non-glyoxylated native material, s h o w s  
basically similar changes,  i.e. a shi f t  o f  radioactivity to the  lower sedimentation 
rate region with the  appearance o f  a distinct peak o f  radioactivity at  4 S (Fig. 3B). 
In contrast t o  the  identically treated b u t  glyoxylated A M V  D N A ,  the  remaining 
radioactivity spreads  in this  case also t o  t h e  high sedimentation rate zones,  
probably d u e  t o  an uncontrolled aggregation accompanying t h e  sedimentation 
o f  RNase-treated, non-glyoxylated A M V  D N A  molecules.  

T h e  results  obtained here  clearly indicate that the  RNase-sensitive compo ­
nen t s ,  apparent ly  small  in s ize a n d  a t tached  t o  t h e  A M V  D N A  d o  con t r ibu te  also 
t o  t h e  proper t ies  o f  A M V  D N A  sed imen ta t ion  pa t t e rns  i n  its na t ive  state.  

7SI »Sl 4S «S 

M 
: \ • t 
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Fig. 3 
Sucrose  velocity gradient  radioactivity pro ­

files 
A :  N a t i v e  A M V  D N A  ( .), glyoxyla­
t e d  A M V  D N A  ( O  O ) ,  a n d  A M V  D N A  
t r ea t ed  w i t h  R N a s e  a n d  t h e r e a f t e r  glyoxy­
la ted  ( • — • ) .  
B :  N a t i v e  A M V  D N A  ( ) a n d  
RNase-treated A M V  D N A  ( •  •) .  
5 0 - 2 0 %  sucrose ,  108 000 x g ,  S W  50.1, 14 
hrs,  4 ° C .  
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Sedimentation patterns of glyoxylated 3H-thymidine- and l4C-uridine-labelled 
AMV DNA in velocity sucrose gradients 

To evaluate approximately the nature of  attachment of  RNA to DNA in A M V  
DNA, w e  characterized the radioactivity sedimentation patterns of glyoxylated 
A M V  DNA, which was double-labelled for  RNA and DNA detection, in velocity 
sucrose gradients. This was  done because, in the case of  glyoxylated RNA-DNA 
material, cosedimentation of  RNA with DNA in velocity sucrose gradients was  
used as an indication of  the covalent nature of  attachment of  RNA to DNA in 
the case of short DNA fragments appearing in the early phase of  HeLa cell DNA 
synthesis in vitro (Brun and Weissbach, 1978). 

Results obtained in this direction are shown in Fig. 4. From comparison of the 
CsCl buoyant density radioactivity profiles of  3H-mTdR- and  14C-UR-labelled 
A M V  DNA it is evident that the distribution of  RNA inside the total A M V  DNA 
is not equal, exhibiting a greater or a lesser preference for certain buoyant 
density zones of  A M V  DNA (Fig. 4A). However, most  of  the  14C-UR label is 
located in the higher-density region of this DNA. 

A M V  DNA isolated from pooled isopycnic gradient fractions, as  indicated in 
Fig. 4A, was  glyoxylated, and its radioactivity profiles obtained b y  velocity 
sucrose gradient centrifugation are shown in Fig. 4B. A s  evident in this case, 
both radioactivity profiles o f  glyoxylated double-labelled DNA reveal a cosedi-

CsCl  b u o y a n t  dens i ty  radioactivity pro f i l e s  
A M V  D N A  d o u b l e - l a b e l l e d  w i t h  3 H -
m T d R  (9 • )  a n d  ' " C - U R  
( O  O), w i t h  indication ( i  1 )  o f  
t h e  pool ing  m o d e  o f  f ract ions  f o r  isolation 
o f  A M V  D N A  t o  b e  u s e d  f o r  g lyoxylat ion 
a n d  s u c r o s e  velocity  gradient  analysis .  

Glyoxylated double-label led A M V  D N A .  
5 0 - 2 0 %  sucrose,  108 000 x g ,  S W  50.1, 14 
hrs ,  4 ° C .  S e e  a l s o  t h e  l e g e n d  t o  F ig .  4 A .  

Fig. 4 B  
S u c r o s e  veloci ty  g r a d i e n t  radioact ivi ty  p r o ­

files 

Fig. 4A 

F r a c t i o n s  
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mentation pattern with a common peak o f  glyoxylated native A M V  D N A  (Brun 
and Weissbach, 1978; DePamphilis and Wassarman, 1980) at 6 S. This  characte­
rization indicates, a s  conceded,  tha t  t h e  a t t achment  o f  R N A  t o  D N A  in  A M V  
D N A  preparat ions m a y  b e  o f  a covalent  na ture ,  a s  it is in  t h e  case o f  Okazaki 
f ragments  of  replicative D N A  structures  o f  prokaryotes  a n d  eukaryotes  (Ogawa 
a n d  Okazaki, 1980). 

Characteristics of RNA distribution in single-stranded and double-stranded 
components of AMV DNA 

T o  answer  t h e  ques t ion which part  of  t h e  secondary s t ructure  o f  A M V  D N A ,  
t h e  single-stranded o r  t h e  double-s t randed,  is m o r e  associated with R N A ,  w e  
subjected t h e  A M V  D N A  double-labelled with  3 H - m T d R  a n d  1 4 C-UR t o  
hydroxylapatite chromatography in t h e  presence of  f o r m a m i d e  ( G o o d m a n  et al., 
1973). Taking  in to  account  t h e  unusua l  propert ies  o f  th is  D N A ,  w e  checked,  
before  us ing th is  methodical  approach,  in separate exper iments  o n  single- a n d  
double-s t randedness ,  t h e  A M V  D N A  material  present  in  each  of  t h e  e lu ted  
phospha te  molarity fract ions by S ,  nuclease t rea tment .  W e  obta ined  very well 
reproducible  identical elut ion pat terns  with A M V  D N A  isolated f r o m  t h r e e  
different  A M V  core  samples  (Fig. 5). He re ,  m o s t  ( 7 9 % )  o f  t h e  total  1 4 C-UR 
radioactivity is associated with t h e  single-stranded D N A  port ion represent ing 
according t o  3 H - m T d R  radioactivity distr ibution 21 % of  t h e  total A M V  D N A  
eluting f r o m  0.10 t o  0.18 phospha te  molarity. However ,  a m i n o r  part  (21 %) o f  
1 4C-UR radioactivity is present  also in all f ract ions o f  t h e  double-s t randed 
port ion o f  A M V  D N A  which e lutes  in th i s  case, d u e  t o  t h e  small  size o f  its 
molecules  ranging f r o m  20 t o  900 b p  only (Říman  et al., 1993), f rom  0.22 to 0.30 
phosphate molarity, in contrast to native  E. coli DNA eluting not before  0.30 
phosphate molarity (Goodman  et al., 1973). A sharp decline in  1 4C-UR radioacti­
vity a t  t h e  elut ion boundary  be tween  single- a n d  double-s t randed A M V  D N A  

.14 .11 .If .?• 
Phoiphala Molarity 

Fig. 5 
Hydroxylapatite column chromatography 
o f  A M V  D N A  double-labelled with  3 H -

m T d R  and >«C-UR 
Phospha t e  molar i ty  e lu t ion  prof i les  i n  t h e  
p resence  o f  f o r m a m i d e  a t  26  ° C .  
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molecules and  a gradual decline i n  this radioactivity fo l lowing elution conditions 
o f  longer A M V  D N A  molecules  reminds  the  distribution o f  Okazaki fragments 
in replicative D N A  structures o f  various length or stages o f  replication f o u n d  b y  
Eliasson and  Reichard (1978) and  others (for review see DePamphilis and  
Wassarman (1980)). 

Direct evidence for the presence of Okazaki fragments in AMV DNA 
T h e  covalent nature o f  the  attachment o f  R N A  to D N A  is the basic feature o f  

Okazaki fragments. T o  analyze the nature o f  attachment o f  R N A  to D N A  i n  the 
putative Okazaki fragments present in  A M V  D N A ,  w e  u s e d  as starting material 
single-stranded  3 H-mTdR- and  1 4C-UR-labelled A M V  D N A  characterized and  
separated b y  hydroxylapatite chromatography in  the  presence o f  formamide.  T o  
detect the  covalent R N A - D N A  links i n  A M V  D N A ,  w e  used  the  approaches 
previously applied i n  def ining Okazaki fragments isolated f r o m  prokaryotic 
(Hirose et al., 1973) and  eukaryotic (Pigiet et al., 1974; K a u f m a n n  et al., 1977) 
D N A  replicative systems. T h e  principle o f  a direct detection o f  the  covalent 
nature o f  R N A - D N A  links resides i n  the  ability o f  5'-terminal hydroxyl groups o f  
the D N A  portion o f  R N A - D N A  molecules  exposed after alkaline hydrolysis to 
b e  phosphorylated wi th  A T P  b y  T 4  polynucleotide phosphorylase. 

In the case o f  single-stranded A M V  D N A  (Table 1), w h e n  such material, 
appropriately pretreated w i t h  an  a i m  to  mask its naturally occurring 5'-terminal 
hydroxyl ends, was  alkali treated, it revealed a n e w  ability to b e  strongly (up to  
15-17 t imes m o r e  than the relevant control) labelled wi th  [gamma-3 2P]ATP b y  
T 4  polynucleotide phosphorylase. Phosphorylation o f  the  liberated 5'-OH ends  
o f  A M V  D N A  under  the  conditions u s e d  (Okazaki et al., 1975) represented a real 
[gamma-3 2P]ATP transfer and  not  an  exchange reaction. 

Table 1. Phosphorylation of  single-stranded RNA-DNA molecules of  core-bound A M V  D N A  b y  T 4  
polynucleotide kinase. Evidence of  covalent attachment of  R N A  to 5 '  e n d  of  D N A  

Exp. 
No. Sample  treatment 

3 2 p  

cpm Sample  treatment 
3 2 p  

cpm 

( 1 )  Phosphorylation wi th  ( 1 )  Phosphorylation with 
I unlabel led A T P .  429 unlabel led A T P .  7061 

(2) Alkal ine  treatment. 

(2) Phosphorylation wi th  (3) Phosphorylation wi th  
II 

(2) 
[gamma- 3 2 P]ATP.  459 [gamma- 3 2 P]ATP.  7219 

Each experiment  w a s  r u n  in duplicate w i t h  samples  hav ing  each 430 c p m  o f  3 H-mTdR- a n d  390 cpm 
o f  1 4C-UR-radioactivity. 
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Thus,  the results obtained here provide the  first direct evidence that the  RNA-
DNA link in single-stranded A M V  DNA is o f  a covalent nature a s  in the  case of  
Okazaki fragments.  

T h e  second important characteristics o f  Okazaki fragments  in both prokary-
otes (Ogawa and Okazaki, 1980) and eukaryotes (DePamphilis and Wassarman, 
1980) is the representation of  the nucleotides at the RNA-DNA junction. T h e  
discontinuous DNA synthesis o f  eukaryotes and their DNA viruses that were  
intensively studied especially in the last decade (De Pamphilis and Wassarman, 
1980; T h o m m e s  and Hubscher, 1990; Linn, 1991), in general, do  not seem to b e  
much affected at the RNA-DNA junction o f  Okazaki fragments  or their 
precursors, the so-called primer DNAs  (Nethanel et al., 1988; Nethanel and 
Kaufmann, 1990; Bullock et al., 1991), by sequence specificity, since all four  
common ribo or deoxyribonucleotides were  found to b e  present at the RNA-
DNA link in replicating DNAs  o f  all s o  far  studied systems. Whi le  the  in vitro 
studied DNA replicating systems allow u s  to def ine at the RNA-DNA link the 
representation of  nucleotides o f  both types, the  in vivo replicating DNAs, as  is 
the case o f  A M V  DNA, allow us  to determine at the RNA-DNA junction the 
representation o f  deoxyribonucleotides only. Consequently, to contribute to this 
characterization o f  Okazaki fragments  present in A M V ,  w e  analyzed the 
deoxyribonucleotide representation at the RNA-.DNA link o f  A M V  D N A  
molecules represented by the single-stranded portion o f  A M V  DNA double-
labelled with  3 H-mTdR and  1 4C-UR. In this analysis w e  applied the methodical 
principles previously used in analyzing the same properties o f  Okazaki fragments  
isolated from prokaryotes (Hirose  et al., 1973) and eukaryotes (Pigiet et al., 1974; 
Kaufmann  et al., 1977). 

Results that are summarized in Table  2 show that, according to the percent 
radioactivity distribution o f  the 5'-terminally  3 2P-labelled deoxyribonucleotides, 
the deoxyribonucleotide nature o f  the RNA-DNA link in RNA-DNA molecules 
of  A M V  DNA corresponds, in principle, to properties o f  eukaryotic Okazaki 
fragments  because all four  common deoxyribonucleotides are represented here 
at the RNA-DNA junction. However, the higher d A M P  and dTMP representa­
t ion f o u n d  at t h e  5 '  e n d s  o f  D N A  o f  single-stranded R N A - D N A  molecules  o f  
A M V  D N A  m a y  suggest tha t  t h e  switch o f  R N A  t o  D N A  synthesis  does  n o t  
appear  t o  b e  a completely r a n d o m  process,  a s  supposed  in t h e  case o f  a n  
analogous  deoxynucleot ide  representat ion observed at t h e  R N A - D N A  junc t ion  
o f  single-stranded polyoma replicative s t ructures  (Pigiet et al., 1974). But ,  such  
a deoxyribonucleot ide representat ion at t h e  R N A - D N A  link o f  A M V  D N A  
molecules  m a y  reflect simply a n  A T  en r i chmen t  o f  t hese  molecules ,  a s  indicated 
in this  paper  and ,  consequent ly ,  a n  increase o f  probability o f  switches o f  R N A  t o  
D N A  synthesis  at t hese  deoxyribonucleotides.  In  conclusion,  b o t h  he re  presen­
ted basic propert ies  o f  t h e  na tu re  o f  R N A - D N A  a t t achment  in single-stranded 
A M V  D N A  molecules  provide t h e  first evidence for  t h e  presence o f  Okazaki 
f ragments  in A M V  D N A ,  a s  well a s  t h e  evidence for  their  m a i n  responsibility fo r  
t h e  a n o m a l o u s  CsCl buoyan t  density propert ies o f  A M V  D N A .  
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Table 2. Phosphorylation of single-stranded RNA-DNA molecules of core-bound AMV DNA b y  T4 
polynucleotide kinase. Percentage of deoxyribonucleotide distribution at the RNA-DNA junction 

Exp. % % % % 100 % 
Sample treatment in 

No. dCMP dAMP dGMP dTMP 3 2 P  cpm 

(1) Phosphorylation with 
I unlabelled ATP. 11.00 37.08 14.08 37.07 1272 

(2) Alkal ine treatment. 
(3) Phosphorylation with (3) 

[gamma-  3 2P]ATP. 
II (4) Digestion: DNase I 10.45 41.61 13.42 34.45 1061 

and phosphodiesterase. 

See the legend to Table  1. 

In addition, the presence of  Okazaki fragments in A M V  DNA is also 
responsible for  small sedimentation shifts toward lower S values in the range of  
1.0 to 1.5 S, observed in the sedimentation pattern of  glyoxylated A M V  DNA 
digested prior to glyoxylation with RNase A ,  indicating that RNA attached to 
A M V  DNA degraded with RNase A is small in size, as observed in similarly 
analyzed other eukaryotic replicative DNA structures (Brun and Weissbach, 
1978). 

T o  estimate tentatively this size, w e  used the principles of  Eliasson et al. (1974) 
based on estimation of the length of  RNA liberated from A M V  DNA b y  DNase 
I digestion. W e  found (data not shown) in pilot experiments that single-stranded 
A M V  DNA double-labelled with  3H-mTdR and  14C-UR digested b y  DNase 
Lexhibits in 12 % PAG-urea electrophoresis the appearance of  14C-UR radioacti­
vity located at a short  distance behind t h e  internal marker of  Bromophenol  Blue 
and  between t h e  positions of  synthetic deoxynucleotides, 8 and  14 bases in size, 
r u n  in  parallel and  visualized by  silver staining, as  described elsewhere (Říman et 
al., 1993). Thus, the tentatively estimated size 8-14 bases of  RNA pieces 
covalently bound to A M V  DNA corresponds to the size o f  8-12 (mean 10) bases 
given for  the finished initiator RNA (Reichard et al., 1974; Tseng and Goulian, 
1977), or the primer RNA (Thômmes and Hiibscher, 1990) of  the eukaryotic 
Okazaki fragments or their, so-called, primer DNA precursors (Nethanel et al., 
1988; Nethanel and Kaufmann, 1990; Bullock et al., 1991). The findings 
presented in this paper show that the Okazaki fragments represent a constant 
component of  the 7 S A M V  DNA. This clearly indicates that this DNA is not 
a random fragmented host DNA but  represents its special fragments that have 
properties of  replicative DNA structures segregating from the host cell into virus 
core nucleoprotein complex. Consequently, this raises once again the question 
of possible involvement of  this DNA in some retroviral functions. 
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