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The subce l lu l a r  local izat ion of nucleotide sequences  inRous  chicken s a r c o m a  complemen ta ry  
to RNA of Rous s a r c o m a  v i rus  was invest igated by RNA-RNA molecu la rhybr id iza t ion .  Samples  
Of vir ion RNA labeled with rad ioac t ive  iodine (125I) were  annealed with RNA f r o m  different  f r a c -  
t ions (nuclei, mi tochondr ia ,  f r ee  and membrane -bound  po lysomes)  isolated f r o m  Rous chicken 
s a r c o m a  cel ls .  The  fo rmat ion  of R N a s e - r e s i s t a n t  hybrids  between v i rus  RNA-125I and RNA 
f r o m  mitochondr ia  and membrane -bound  po lysomes  was demonstra ted;  the re la t ive  f requency 
of occu r r ence  of sequences  c o m p l e m e n t a r y  to v i r ion  RNA in the la t ter ,  moreove r ,  was 446 t imes  
g r ea t e r  than in the f o r m e r .  The ro le  o f  complemen ta ry  r ibonucleot ide sequences  is d iscussed.  

KEY WORDS: r ibunucleic  acids;  complementat ion;  subcel lular  f ract ions;  Rous s a r c o m a  virus;  
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The synthesis  of RNA molecu les  by pur i f ied v i r ions  of Rous s a r c o m a  v i rus  (RSV) and avia n myeloblas to-  
s i s  v i rus  was demons t ra ted  p rev ious ly  [1], and it led to the suggestion that  they have RNA-synthesiz ing act ivi ty.  
One way of detecting the  product  of such act ivi ty  in infected cel ls  is P~qA-RNA molecu la r  hybridizat ion.  How- 
ever ,  ve ry  few complementa t ion  t e s t s  have been p e r f o r m e d  on cel lular  and Virus RNA by means  of this d i rec t  
method [4, 13]. 

In this investigation an a t tempt  was made t o  d i scover  poss ib le  homology between RNA prepa ra t ions  iso-  
lated f rom Rous chicken s a r c o m a  cel ls  and RNA f r o m  RSV vir ions  ( C a r r - Z i l ' b e r  strain) by the RNA-RNA hy- 
bridizat ion method. 

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

RNA was isolated f r o m  RSV by the method of Wright and Neiman [15]. The  pur i f ied RNA prepa ra t ion  was 
iodinated with 125I by the w r i t e r s '  own method [2]. T i s sue  f r o m  a Rous s a r c o m a  induced in day-old  l eukemia -  
f ree  chicks of  the S / O  phenotype, was isolated 10 days a f te r  inoculation. The nuclei were  isolated by the meth-  
od of Chaveau et al. [5], mi tochondria  were  t r ea t ed  with digitonin by Malkin 's  method [10], and the f ree  and 
membrane-bound  po lysomes  were  pur i f ied  as  descr ibed  in [3]. RNA was ext rac ted  f r o m  the p repa ra t ions  of 
subcel lular  f rac t ions  thus obtained: f r o m  the nuclei by the method of S c h e r r e r  and Darnel l  [12], f rom the mi -  
tochondria and both types of p o l y s o m e s  a f te r  P e r r y  et al. [11]. 125I-labeled RSV RNA (specific act ivi ty 8" l0 G 
c p m / ~ g )  was sonicated be fo re  hybridizat ion on an MSE ul t rasonic  d i s in tegra tor  (England) for 6 min (1.5 min 
each t ime,  4 t imes ,  at 0~ Hybridizat ion was c a r r i e d  out in a solution containing 0.15 M NaC1 and 0.015 M Na 
c i t r a te  (1• SSC}, 40% f resh ly  dis t i l led fo rmamide ,  and 0.2% sodium dodecylstflfate, in sealed capi l la ry  tubes 
(50-100 pl) a t  37~ for 24 h [8]. Before  incubation the cap i l l a ry  tubes with the samples  were  heated to 100~ 
for 10 rain and then cooled rap id ly  to 0~ After  the end of hybridizat ion the samples  were  cooled on ice, di- 
luted with 1• SSC, t r ea t ed  with RNaseS A (50 pg/ml) and T 1 (10 u n i t s / m l )  for 1 h at 37~ and prec ip i ta ted  
with 10% TCA in the p r e s e n c e  of  bovine s e r u m  albumin in the cold. The  res idues  were  applied to ni t rocel lulose  
f i l t e r s  (0.22 #}. The washed and dr ied  f i l t e r s  we re  counted in a g a m m a - c o u n t e r  (VAV-100, Eas t  Germany) .  In 
each case  the act ivi ty  of the RNases  was verif ied.  Only act ive enzyme p repa ra t i ons  were  used in the exper i -  
ments .  In all  cases  when the pe rcen tage  of R N a s e - r e s i s t a n t  radioact iv i ty  was determined,  a deduction was 
made for  se l f -anneal ing  of RSV RNA-125I taking p lace  under  the above-ment ioned  conditions, amounting on a v e r -  
age to 7.4%. In some  exper imen t s  RNA was isolated f r o m  mitochondria  and membrane-bound  po lysomes  of 
male  C3HA mouse  l iver  and f r o m  normal  chick embryos .  
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Fig. 1. Kinetics of hybridization 
of RNA-125I f rom RSV virions and 
RNA f rom mitochonclria (1) and 
membrane-bound polysomes (2) of 
Rous chicken sa rcoma ceils. A r -  
rows indicate points cor respond-  
ing to values of Cr0tl/2. 

TABLE 1. Hybridization of RSV RNA-i25I 
with RNA f rom Subcellular Fract ions  of 
Normal  and Tumor  Tissues  

Source of tissue 

embryos [ 

C3HA mouse liver[ 

Level of hybridization, % 

mitochondria 

11,8 (11,5--12,0) 

2,2 (2,0-2,3) 

2,1 (2,0--2,3) 

membrane-bound 
polysomes 

4,8 (4,6--4,9) 

1,2 (I ,0--i ,3) 

0,8 (0,7--0,9) 

Legend. 1. Mean values of five experiments  
shown. 2. All percentages  given in Table 
af ter  deduction of self-annealing of virion 
RNA, amounting to 7.4% (7.0-7.7). 3. Mini- 
mal  and maximal values of hybridization 
shown in parentheses .  

EXPERIMENTAL RESULTS 

Preliminary experiments showed that RNase-resistant hybrid forms are produced only between virion 
RNA-i25I and ribonucleotide sequences of mitochondria and membrane-bound polysomes from Rous sarcoma. 
The kinetics of hybridization of these preparations is illustrated in Fig. i. Clearly hybridization with mito- 
chondrial RNA began at Cr0t = i0 -i (Cr0t is the product of the initial concentration of nonradioactive RIgA and 
the hybridization time, expressed in moles �9 sec �9 liters-i), and the quantity of RNase-resistant radioactivity 
increases up to Cr0t = 102. Meanwhile hybridization with RNA from membrane-bound polysomes began much 
sooner (between Cr0t= 10 .3 and i0 -2) and reached a plateau at Cr0t= I0 -i. 

It is interesting to note that the ratio between the values of k h (the velocity constant of the RNA-RNA 
hybridization reaction, equal to i/Cr0tl/2; values of k h are shown in Fig. 1) is 446. This indicates that the 
relative frequency of occurrence of sequences complementary to virion RNA in membrane-bound polysomes 
is 446 times greater than in mitochondria. 

To determine the degree of specificity of hybrid formation, RSV RNA-1251 was hybridized with RNA from 
mitochondria and membrane-bound polysomes of normal C3HA mouse liver (heterologous tissue) and from 
normal chick embryos (homologous tissue). Experiments wore carried out in concontrations saturating the 
virion RNA, i.e., with a 105-fold excess of nonradioactive RNA (Table I). The results of these experiments 
demonstrated conclusively the high specificity of binding of nucleic acids of Rous sarcoma and RSV. 

The presence of sequences complementary to virion RNA in RNA from membrane/bound polysomes can 
be explained by the existence of an RNA-dependent RNA-polymerase in this fraction. This hypothesis is con- 
firmed by data obtained for microsomes [7L for the method of isolation of the microsomal fraction described in 
[7] was virtually identical with the method used in the present experiments to isolate membrane-bound polysomes. 
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The  r e su l t s  of hybr idizat ion of vi r ion RNA with mi tochondr ia l  RNA f r o m  ttunor cel ls  a r e  pa r t i cu l a r ly  
in teres t ing .  I t  can be concluded f r o m  the r e su l t s  that  among the population of mi tochondr ia l  RNA the re  a r e  
11-12% of sequences  c o m p l e m e n t a r y  to vi r ion r ibonucleot ide sequences .  However ,  it is difficult on the bas is  
of these  expe r imen t s  alone to a s s e s s  the t rue  r e p r e s e n t a t i v e n e s s  of  v i ru s - spec i f i c  informat ion in the tumor  
ce i l s .  

The abil i ty of the v i r ion  and mi tochondr ia l  nucleic acids  to undergo hybridizat ion can be explained by 
the p r e s e n c e  of RNA-synthes iz ing  act ivi ty in the oncornav i rus  v i r ion  i tself  [1] and by the p r e s e n c e  of v i rus -  
like pa r t i c l e s  of oncornav i ruses  m the mi tochondr ia  of  tumor  cel ls  [9], on the one hand, and by the exis tence 
of an RNA-syn the tase  in the mi tochondr ia  themse lves ,  on the other hand. No definite conclusion one way or  
the o ther  can be drawn f r o m  these  r e su l t s .  

However ,  the pos s i b i l i t ycanno t  be ruled out that  the hybridizat ion s i tes  in the mitochondria  and m e m -  
brane-bound po lysomes  a r e  homopolynucleot ide sequences  and (or) si tes of t r a n s f e r  RNA, which a r e  known to 
be p r i m e r s  for  the r e v e r s e  t r ansc r ip t ion  r eac t ion  [6]. The la t ter  hypothesis  is supported by the r e su l t s  of 
exper imenta l  hybridizat ion of p repa ra t ions  Of RSV RNA-125I with RNA isolated f r o m  mitochondria  and m e m -  
brane-bound po lysomes  of l e u c o s i s - f r e e  chick embryos  (homologous t issue)  or f rom normal  mouse l iver  (het- 
e ro logous  t i ssue) .  These  s i tes  may  a lso  be the connecting links between the subunits of 70S vi r ion  RNA [14]. 
However ,  fur ther  invest igat ion of this p r o b l e m  is n e c e s s a r y  to provide  the answer  to these quest ions.  
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