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Summary. - P o l y o m a  (Py) v i rus-spec i f ic  R N A ,  s y n t h e s i z e d  a t  
r e d u c e d  l e v e l  in i n f e c t e d  ce l l s  in t h e  p r e s e n c e  o f  ant iviral  
c o m p o u n d  5-bromo-2 ' -deoxyur id ine  (BrdUrd)  w a s  character ized  in 
m o r e  detai l  b y  N o r t h e r n  b l o t  h y b r i d i z a t i o n  ana lys i s .  T h e  r e s u l t s  
o b t a i n e d  w i t h  total ,  c y t o p l a s m i c  a n d  p o l y ( A ) R N A ,  i so la ted  f r o m  
m o u s e  e m b r y o  cell  c u l t u r e s  4 2  h r s  p.i .  indicate  t h a t  B r d U r d  (6.34 
// g / m l )  l o w e r s  t h e  l e v e l  o f  typical  c l a s s e s  o f  m a j o r  v i r u s  D N A  t ransc ­
r i p t s  t o  a s i m i l a r  e x t e n t  a n d  t h a t  n o  n e w ,  a typ ica l  t r a n s c r i p t i o n  
p r o d u c t s  a r e  f o r m e d .  
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Introduction 

T h e  a n a l o g s  o f  t h y m i d i n e ,  i n  w h i c h  t h e  5 - m e t h y l  g r o u p  o f  t h e  b a s e  is s u b s t i ­
t u t e d  b y  b r o m i n e ,  i o d i n e  o r  a n o t h e r  s u b s t i t u e n t  a r e  k n o w n  a s  i n h i b i t o r s  o f  
m u l t i p l i c a t i o n  o f  a n i m a l  D N A  v i r u s e s  ( K a p l a n  et al, 1965; P r u s o f f  a n d  G o z ,  
1975). T h e  b a s i s  o f  t h e i r  an t iv i ra l  a c t i o n  is o b v i o u s :  t h e  a n a l o g s  a r e  p h o s p h o r y -
l a t e d  a n d  i n c o r p o r a t e d  i n t o  v i ra l  D N A ,  a n d  s u c h  D N A  i t se l f  o r  i t s  e x p r e s s i o n  
p r o d u c t s ,  i .e .  m e s s e n g e r  R N A s  a n d  p r o t e i n s  d o  n o t  f u n c t i o n  p r o p e r l y  a n d  d o  
n o t  l e a d  t o  m a t u r e ,  i n f e c t i o u s  v i r u s  pa r t i c l e s  ( K a p l a n  et al, 1965).  B e s i d e s  t h a t  
t h e r e  a r e  m a n y  o t h e r  e f f e c t s  o f  t h e s e  a n a l o g s  o n  v i r u s - i n f e c t e d  a n d  n o r m a l  
cel ls ,  e .g .  c h a n g e s  o f  s o m e  v i r u s - i n d u c e d  e n z y m e s  o f  D N A  s y n t h e s i s  ( K a m y i a  
et al., 1965), i n d u c t i o n  o f  v i r u s  p r o d u c t i o n  i n  n o n - p r o d u c e r  ce l l s  ( L o w y  et al., 
1971), c h a n g e s  i n  g e n e  e x p r e s s i o n  i n  n o r m a l  ce l l s  ( S t e l l w a g e n  a n d  T o m k i n s ,  
1971; P r e i s l e r  et al., 1973) a n d  i n h i b i t o n  o f  ce l l  m u l t i p l i c a t i o n  ( H a k a l a ,  1959).  

W e  h a v e  r e p o r t e d  ea r l i e r  ( Ž e m l a  a n d  T a r á b e k ,  1981) tha t  B r d U r d  l e a d s  t o  
a r e d u c e d  l e v e l  o f  Py v i rus-spec i f ic  R N A  in i n f e c t e d  cel ls .  In t h i s  w o r k  w e  
p r e s e n t  o u r  a t t e m p t  t o  character ize  t h e  v i ra l  R N A  transcr ipts  f o r m e d  u n d e r  t h e  
i n f l u e n c e  o f  B r d U r d  u s i n g  t h e  N o r t h e r n  b l o t  h y b r i d i z a t i o n  analys i s .  
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Materials and Methods 

Virus. T h e  p l a q u e - p u r i f i e d  A 2 L P  strain o f  Py v i r u s  w a s  propagated  in p r i m a r y  c u l t u r e s  o f  m o u s e  
e m b r y o  (ME) ce l ls  as  d e s c r i b e d  earl ier  ( Ž e m l a  a n d  Tarábek,  1981). 

Cells. Primary c u l t u r e s  o f  M E  cel ls  w e r e  p r e p a r e d  f r o m  16-18 days-old  m o u s e  e m b r y o s  b y  t h e  
s tandard  t ryps in izat ion  p r o c e d u r e .  200 m l  rol ler  bot t l e  c u l t u r e s  w e r e  s e e d e d  w i t h  6 5 x l 0 6  ce l ls  in 50 
m l  o f  BEM-CS|n m e d i u m  a n d  reached  c o n f l u e n c y  in 3-5  days.  T o  in fect  t h e  cells, cu l tures  w e r e  
f irst w a s h e d  w i t h  BEM-Tris m e d i u m  a n d  t h e n  2 m l  o f  v i r u s  i n o c u l u m  in t h e  s a m e  m e d i u m ,  corre­
sponding  t o  2 5 - 5 0  P F U  per cell  was  added per bottle.  After 3 hrs o f  virus adsorption at 37 ° C  50 m l  
o f  BEM-CSio  m e d i u m  per bottle  was  added.  

Media. BEM-CSm m e d i u m  w a s  Basal Eagle's me d ium with 10 % o f  heat-inactivated calf  serum. 
BEM-Tris  m e d i u m  conta ined 2 0  m m o l / l  Tris-HCI, pH 7.5 in BEM. 

Total, cytoplasmic and poly(A)RNA were isolated usually 42  hrs p.i. from Py virus-infected M E  
ce l l s  by the  m e t h o d s  described by Scherrer (1969), Favaloro  et at. (1980) and Ausube l  et al. (1987) 
respectively.  At  this  t ime  t h e  virus-specific R N A  reached a maximal  level ( Ž e m l a  a n d  Tarábek,  
1981). If t h e  ce l ls  w e r e  treated w i t h  BrdUrd,  t h e  a n a l o g  w a s  a d d e d  t o  t h e  c u l t u r e  m e d i u m  af ter  t h e  
3 h r s  v i r u s  a d s o r p t i o n  p e r i o d  a n d  r e m a i n e d  t h e r e  till t h e  isolat ion o f  R N A .  

Marker-RNA. Tota l  R N A  iso lated  f r o m  u n i n f e c t e d  M E  cel ls  w a s  u s e d  as  s i z e  marker .  
Agarose gel electrophoresis o f  R N A  w a s  carried o u t  i n  d e n a t u r i n g  c o n d i t i o n s  as  d e s c r i b e d  b y  

L e h r a c h  et al. (1977). 
Nothern blot hybridization w a s  p e r f o r m e d  b y  a s tandard  t e c h n i q u e  ( A u s u b e l  et al., 1987). T h e  

h y b r i d i z a t i o n  p r o b e  c o n s i s t e d  o f  c o m p l e t e  l inear  Py viral D N A  l a b e l l e d  w i t h  3 2 P - d C T P  b y  n ick  
translat ion.  Py viral D N A  or ig inated  f r o m  t h e  r e c o m b i n a n t  p l a s m i d  P y / p X O ,  k i n d l y  s u p p l i e d  b y  
Dr. M. F r i e d  f r o m  I C R F  in L o n d o n  a n d  it w a s  c u t  o u t  f r o m  it b y  Bam\\\ e n d o n u c l e a s e .  F o r  t h e  
a u t o r a d i o g r a p h y  t h e  X-ray f i l m  Medix  R a p i d  w i t h  i n t e n s i f y i n g  screen  w a s  u s e d .  

Direct measurement of radioactivity of blots. W i t h  t h e  a i m  t o  increase t h e  r e s o l u t i o n  o f  i n d i v i d u a l  
R N A  b a n d s ,  t h e  radioactiv ity  o f  b l o t s  w a s  d irect ly  m e a s u r e d .  1 m m  strips c u t  o u t  f r o m  i n d i v i d u a l  
tracks o n  b l o t s  w e r e  assayed  f o r  3 2 P  radioactiv ity  in 6 m l  o f  Instagel in Packard Tr icarb  l i q u i d  sc in ­
tillation spectrometer  Model  1500. T h e  relationship o f  radioactivity ( cpm)  t o  distance o f  a strip 
from t h e  start o f  e lectrophoresis  ( m m )  was  plotted in curve. 

Chemicals. BrdUrd, Nonide t  P-40 and calf  t h y m u s  D N A  were  purchased from Fluka; agarose 
(standard EEO),  Tris, LiCI, S D S ,  formamide  and neuraminidase from Serva; o l igo  d T  cel lulose  
T y p e  7, Sephadex  G-50,  Ficoll-400 and polyvinylpyrrolidone from Pharmacia; Instagel from 
Packard; nitrocel lulose m e mbr ane  BA 85 (0.45 / / )  f rom Schleicher and Schuel l ;  restriction endo­
nuclease  Bam\\\ f rom Serva and Institute o f  Sera and Vaccines ,  Prague, respectively; deoxycytidi-
ne-5'-(alpha-3 2P)-triphosphate,  tr ie thylammonium salt, 110 T B q / m m o l  from Amersham Interna­
tional pic, Aylesbury or  Inzita, Budapest.  

Results and Discussion 

T o t a l ,  c y t o p l a s m i c  a n d  p o l y ( A ) R N A  w e r e  p r e p a r e d  f r o m  P y  v i r u s - i n f e c t e d  
M E  ce l l s  e x p o s e d  t o  B r d U r d  a n d  s u b j e c t e d  t o  b l o t  h y b r i d i z a t i o n  ana ly s i s  u n d e r  
t h e s e  p r e r e q u i s i t e s :  ( a )  h i g h  mul t ip l i c i ty  o f  i n f e c t i o n  e n s u r e d  o n e  cyc le  o f  v i r u s  
m u l t i p l i c a t i o n ;  ( b )  a „ n o r m a l "  v i r u s  w a s  u s e d  f o r  t h e  i n f e c t i o n  o f  ce l l s  a n d  t h e  
a n a l o g  w a s  p r e s e n t  in t h e  m e d i u m  o n l y  d u r i n g  t h e  p o s t - a d s o r p t i o n  p e r i o d ;  in 
t h i s  w a y  it w a s  e n s u r e d  t h a t  t h e  i n f e c t i o n  s t a r t e d  „ n o r m a l l y "  a n d  t h e  a n a l o g  w a s  
i n c o r p o r a t e d  o n l y  i n t o  p r o g e n y  viral D N A  a n d  n e w l y  s y n t h e s i z e d  ce l lu l a r  D N A  
re spec t i ve ly ;  (c )  t h e  c h o s c n  c o n c e n t r a t i o n  o f  B r d U r d  in t h e  m e d i u m  (6 .34  
/ i g / m l )  c a u s e d  o n l y  par t ia l  r e d u c t i o n  o f  t o t a l  v i rus - spec i f i c  R N A  in p r e v i o u s  



POLYOMA VIRUS R N A  307 

Fig. 1 
Autoradiograph o f  t h e  Northern blot 
hybridizat ion analysis  o f  Py viral R N A  

Total (a-c), cytoplasmic (d, e) a n d  po-
l y ( A ) R N A  (f, g)  isolated f r o m  mock-
infected  (a), v irus-infected (b-g)  and  
BrdUrd-treated (c, e, g)  cells. Viral D N A  
(h). 

e x p e r i m e n t s  (Žemla  a n d  Tarábek,  1981); in th i s  w a y  it m i g h t  b e  a s s u m e d  that  
t h e  leve l s  o f  individual  c lasses  o f  viral  R N A  w o u l d  occur in m e a s u r a b l e  r a n g e ;  
(d) cul tures  w i t h o u t  t h e  analog s e r v e d  a s  regular  pos i t ive  controls,  w h e r e a s  
mock-infected cul tures  w i t h o u t  t h e  analog represented  negat ive  controls.  

T h e  resu l t s  o f  th i s  e x p e r i m e n t s  are  demonst ra ted  o n  t h e  autoradiograph in 
Fig. 1. T h e  preparation o f  total  cellular R N A  (lanes  b ,  c) contains  a w i d e  b a n d  o f  
virus-specif ic  R N A  in t h e  vicinity o f  18S r ibosomal  R N A  apparently correspon ­
d i n g  t o  16S, 18S a n d  19S classes  o f  m a t u r e  viral  l a te  m R N A .  T h i s  R N A  b a n d  
c o n t a i n s  p robab ly  a lso  viral ear ly  m R N A s  o f  t h e  s ize  19-20S,  w h i c h  o c c u r  i n  
m u c h  lower  c o n c e n t r a t i o n  a s  c o m p a r e d  t o  l a te  m R N A s .  Severa l  add i t iona l  
b a n d s  o f  t h e  s ize  e q u a l  t o  28S  o r  a b o v e  it r e p r e s e n t  obv ious ly  va r ious  f o r m s  o f  
viral g e n o m i c  D N A  ( l ane  h )  a n d  poss ibly  p r e c u r s o r s  o f  viral  m R N A s  o f  h i g h e r  
m o l e c u l a r  we igh t .  N a m e l y ,  t h e r e  a r e  d a t a  o n  P y  viral „g ian t "  n u c l e a r  R N A  in  
t h e  l a te  p h a s e  e i t h e r  o f  h e t e r o g e n e o u s  (26-50S)  o r  d i s t inc t  (26S,  33S,  41S,  47S)  
cha rac te r  ( A c h e s o n  et al., 1971; A c h e s o n ,  1978, 1984; Bue t t i ,  1974; K a m e n  et 
al., 1978). T h e  2 6 S  R N A  is apparen t ly  a c o m p l e t e  p r imary  t ranscr ip t  o f  P y  viral 
g e n o m e  ( A c h e s o n  et al, 1971), w h e r e a s  t h e  3 3 - 4 7 S  R N A s  a r e  i ts  o l igomer i c  
f o r m s  ( A c h e s o n ,  1984). B r d U r d  ( l ane  c) i n  c o m p a r i s o n  w i t h  c o n t r o l  ( l a n e  b )  
c a u s e s  i n  g e n e r a l  a s imi lar  p rof i l e  o f  hybr id iz ing  mater ia l ,  w h e r e  t h e  b a n d  o f  
16-20S  m R N A s  is clearly weake r .  T h e  hybr id iza t ion  p rof i l e  o f  t h e  p repa ra t ion  
o f  cy top lasmic  R N A  ( lanes  d ,  e )  is s imi lar  t o  t h a t  o f  t o t a l  R N A ,  j u s t  t h e  m a j o r i t y  
o f  t h e  2 6 - 2 8 S  a n d  t h e  largest  ma te r i a l  a t  t h e  t o p  o f  t h e  ge l  is miss ing .  T h e  
ana log  clearly r e d u c e s  t h e  level  o f  16-20S  viral R N A .  T h e  p repa ra t ions  o f  
p o l y ( A ) R N A  a re  devo id  o f  viral D N A  a n d  p r ecu r so r s  o f  viral m R N A s  ( a b o v e  
26S).  H e r e ,  t h e  pos i t ive  hybr id iza t ion  is res t r ic ted  t o  a w i d e  b a n d  o f  po lyadeny -
la ted  16-20S m R N A s  w i t h  a c lear  inh ib i to ry  e f f e c t  o f  B r d U r d  ( l ane  g). T o  
c o m m e n t  t h e  p r e s e n c e  o f  viral D N A  in  o u r  p r epa ra t i ons  o f  to ta l  a n d  cyto-

a b c d e f g h  
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Fig. 2 
Radioactivity profi le o f  Py viral R N A  in 
the Nothern blot o f  poly ( A ) R N A  prepa­
rations from Fig. 1, lanes f, g. Poly 
(A)RNA from control (o) and BrdUrd-

treated (•) cells 
Ordinate: radioactivity o f  3 2 P  in cpm;  
abscissa: distance f r o m  the start in m m .  

plasmic  R N A  w e  qual i fy  it a s  a sort  o f  contamination.  W e  h a v e  at tempted t o  g e t  
rid o f  D N A  in t h e  c o u r s e  o f  R N A  purification b y  u s e  o f  e i ther  LiCl precipitation 
or  DNase  t reatment,  h o w e v e r ,  t h e s e  s t e p s  had ei ther  j u s t  a partial e f f e c t  o r  
d a m a g e d  t h e  hybridizable  viral R N A .  T h e r e  w a s  n o  non-specif ic  hybridization 
in o u r  e x p e r i m e n t s  (lane a). 

Since  t h e  autoradiography o f  Northern b lots  did not  resolve  individual 
c lasses  o f  viral m R N A  and yie lded j u s t  o n e  16-20S R N A  band,  w e  h a v e  
a t tempted  t o  obtain m o r e  distinct resu l t s  b y  direct m e a s u r e m e n t  o f  t h e  radioac­
tivity o f  b l o t s  b y  l iquid  scint i l la t ion c o u n t i n g  o f  individual  1 m m  str ips .  F ig .  2 
s h o w s  t h i s  t y p e  o f  analys is  o f  p o l y ( A ) R N A  s a m p l e s  u s e d  in  t h e  f o r m e r  exper i ­
m e n t  (Fig.  1, l a n e s  f ,  g). T h e  c u r v e  o f  t h e  c o n t r o l  p repa ra t ion  displays t h r e e  
d i s t inc t  p e a k s  a n d  a d i f f u s e  b a c k g r o u n d  o f  b o t h  f a s t e r  a n d  s lower  mate r ia l .  T h e  
h i g h e s t  peak  c o r r e s p o n d s  apparen t ly  t o  t h e  m a j o r  la te  16S m R N A ,  w h i l e  t h e  
s m a l l e r  a n d  s lower  peak  a t  18S c o n t a i n s  p robab ly  t h e  s u m  o f  m i n o r  l a te  18S a n d  
19S m R N A s .  T h e  th i rd  peak  a r o u n d  2 2 - 2 4 S  is ha rd ly  t o  cor re la te  w i t h  a n y  
k n o w n  P y  viral m a t u r e  p o l y ( A ) R N A  a n d  m a y  r e p r e s e n t  a c o n t a m i n a t i o n  d u e  t o  
s o m e  viral n u c l e a r  R N A .  T h e  c u r v e  o f  p o l y ( A ) R N A  f r o m  BrdUrd- t r ea t ed  cells 
(Fig .  2 )  d isplays  clearly lowered  peaks  o f  hybr id izab le  R N A  c o r r e s p o n d i n g  t o  
t h o s e  in t h e  con t ro l .  

T h e  c o m p a r i s o n  o f  t h e  16S a n d  t h e  (18S+19S)  p e a k s  o f  p o l y ( A ) R N A  f r o m  
c o n t r o l  a n d  BrdUrd- t r ea t ed  cel ls  f r o m  t h e  Fig.  2 is s h o w n  in T a b l e  1. H e r e ,  t h e  
to ta l  viral R N A  r e p r e s e n t s  t h e  s u m m a r i z e d  radioactivity o f  t h e  w h o l e  b lo t  l ane .  
Acco rd ing  t o  t h i s  eva lua t ion ,  B r d U r d  leads  t o  a r educ t ion  o f  t h e  level o f  16S 
R N A  t o  32.7 %,  (18S+19S)  R N A  t o  40.5 % a n d  total  R N A  t o  48.4 %.  

T h e  inh ib i to ry  efTect o f  B rdUrd  o r  I d U r d  o n  t h e  viral g e n e  express ion  h a s  
b e e n  r epo r t ed  in severa l  D N A  vi ruses .  T h u s  viral R N A  s y n t h e s i s  w a s  inh ib i t ed  
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Table 1. The  reduction of the level of Py viral poly(A)RNA b y  BrdUrd in ME cells 

Viral R N A  3 2 p  c p m  hybridized Reduction 
control BrdUrd to % 

16S 
18S+19S 
total 

627 
398 

9716 

205 
161 

4705 

32.7 
40.5 
48.4 

in t h e  c a s e  o f  S V 4 0 ,  H S V - 1  a n d  P y  v i r u s e s  (Patch  et al., 1982;  O t t o  et al., 1984; 
Ž e m l a  a n d  T a r á b e k ,  1980). A r e d u c e d  l e v e l  o f  p o l y ( A ) R N A  o f  H S V - 1  u n d e r  t h e  
i n f l u e n c e  o f  IdUrd  w a s  e x p l a i n e d  b y  t h e  inhib i ton  o f  p o l y a d e n y l a t i o n  ( O t t o  et 
al, 1984). A n  inhib i t ion  o f  s y n t h e s i s  o f  v ira l  p r o t e i n s ,  u s u a l y  o f  t h e  l a t e  t y p e  
w a s  f o u n d  in vaccinia,  a d e n o v i r u s - 2 ,  H S V - 1  a n d  P y  v i r u s e s  ( P e n n i n g t o n ,  1976; 
K a n M i t c h e l  a n d  PrusofT, 1979; O t t o  et al., 1984;  T a r á b e k ,  u n p u b l i s h e d  data).  
O n  t h e  o t h e r  h a n d  a n o r m a l  f o r m a t i o n  o f  s t r u c t u r a l  a n t i g e n  in  t h e  p r e s e n c e  o f  
B r d U r d  o r  IdUrd  w a s  f o u n d  in  p s e u d o r a b i e s  v i r u s  (Kaplan  et al., 1965). It i s  a l s o  
e v i d e n t  tha t  t h e  e f f e c t s  o f  t h e  a n a l o g s  d e p e n d  o n  t h e i r  concentra t ion  a n d  
c o n s e q u e n t l y  o n  t h e  e x t e n t  o f  s u b s t i t u t i o n  o f  t h y m i d i n e  in D N A .  N a m e l y ,  
w h e r e a s  a h i g h l y  s u b s t i t u t e d  S V 4 0  D N A  (18-35  °/o) l e a d s  t o  a n  i n h i b i t i o n  o f  
v i ra l  R N A  s y n t h e s i s  t o  3 0 - 5 0  % o f  c o n t r o l ,  a w e a k l y  s u b s t i t u t e d  S V 4 0  D N A  
( 1 0 - 1 5  % )  c a u s e s  a 5 - fo ld  s t i m u l a t i o n  ( P a t c h  et al., 1982).  A l s o ,  t h e  final e f f e c t  
o f  t h e  a n a l o g  o n  t h e  f o r m a t i o n  o f  v i r i o n  m a y  d i f f e r  i n  B r d U r d  a n d  I d U r d .  T h u s ,  
w h e r e a s  B r d U r d  e n a b l e s  t h e  f o r m a t i o n  o f  p s e u d o r a b i e s  v i r u s  p a r t i c l e s  ( n o n ­
i n f e c t i o u s ) ,  I d U r d  l e a d s  o n l y  t o  a c c u m u l a t i o n  o f  v i ra l  D N A  a n d  s t r u c t u r a l  
a n t i g e n  w i t h o u t  t h e i r  m a t u r a t i o n  i n t o  p a r t i c l e s  ( K a p l a n  et al., 1965).  

A l s o  ce l l u l a r  g e n e  e x p r e s s i o n  is a f f e c t e d  b y  t h e  a n a l o g s .  T h e  B r d U r d - D N A -
d i r e c t e d  R N A  s y n t h e s i s  i n  E. coli w a s  m a r k e d l y  r e d u c e d  ( J o n e s  a n d  D o v e ,  
1972).  B r d U r d  i n h i b i t e d  se l ec t ive ly  t h e  s y n t h e s i s  o f  t y r o s i n e  a m i n o t r a n s f e r a s e  
a n d  g l o b i n  ( S t e l l w a g e n  a n d  T o m k i n s ,  1971; P r e i s l e r  etal., 1973),  i n d u c e d  a lka ­
l i n e  p h o s p h a t a s e  ( K o y a m a  a n d  O n o ,  1971) a n d  s u p p r e s s e d  ce l l  d i f f e r e n t i a t i o n  
( W e s s e l l s ,  1964; A b b o t  a n d  H o l t z e r ,  1968).  A d i r e c t  e v i d e n c e  o f  c h a n g e d  
p r o p o r t i o n s  o f  A a n d  G i n  n e w l y  f o r m e d  R N A  u n d e r  t h e  i n f l u e n c e  o f  B r d U r d  
w a s  o b s e r v e d  i n  3 T 6  ce l l s  (Hi l l  et al., 1974).  T h e  i n t e r f e r e n c e  w i t h  n o r m a l  g e n e  
e x p r e s s i o n  c a u s e d  b y  t h e  a n a l o g s  m a y  r e s u l t  i n  t h e  i n d u c t i o n  o f  v i r u s  p r o d u c ­
t i o n  i n  v i r o g e n i c  „ n o n - p r o d u c e r "  ce l l s  ( L o w y  et al., 1971; H a m p a r  et al., 1972).  
T h e  i n d u c t i o n  o f  m u r i n e  l e u k e m i a  v i r u s  b y  I d U r d  w a s  a c c o m p a n i e d  b y  s t i m u l a ­
t i o n  o f  t o t a l  t r a n s c r i p t i o n  ( C h a t t o p a d h y a y  et al., 1979).  

T h e  b a s i s  o f  all  a b o v e  m e n t i o n e d  b i o c h e m i c a l  a n d  b io log ica l  e f f e c t s  o f  t h e  
a n a l o g s  is t h e  a n a l o g - c o n t a i n i n g  D N A ,  w h i c h  d i sp lays  c h a n g e d  p h y s i c o -
- c h e m i c a l  p r o p e r t i e s .  T h e y  a r e  r e f l e c t e d  i n  t h e  a l t e r e d  b e h a v i o u r  o f  D N A  i n  i t s  
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interact ion wi th  p r o t e i n s  in t h e  c o u r s e  o f  D N A  replication a n d  transcr ipt ion.  
T h e  analog-conta ining  D N A  h a s  increased  p H -  a n d  t h e r m o s t a b i l i t y  (Baldwin 
a n d  S h o o t e r ,  1963; C a m e r m a n n  a n d  Trot te r ,  1964; L a p e y r e  a n d  B e k h o r ,  1974), 
w h a t  r e s u l t s  in a l te red  p r o p e r t i e s  o f  c h r o m a t i n .  Its  n e g a t i v e  c h a r g e ,  t h e r m o s t a ­
bi l i ty ,  s u p e r c o i l i n g  a n d  c o n d e n s a t i o n  a r e  a l s o  i n c r e a s e d  ( L a p e y r e  a n d  B e k h o r ,  
1974; Nico l in i  a n d  B a s e r g a ,  1975). B r d U r d - D N A  b i n d s  h i s t o n e s  a n d  n o n ­
h i s t o n e  p r o t e i n s  m o r e  f i r m l y  ( L i n  et al., 1976; G o r d o n  et al., 1976). T h e  a f f i n i t y  
o f  t h e  p r o m o t e r  o f  f d  p h a g e  t o  R N A  p o l y m e r a s e  a n d  t h a t  o f  t h e  lac o p e r a t o r  o f  
E. coli t o  i t s  r e p r e s s o r  is in B r d U r d - D N A  m u c h  s t r o n g e r  ( H o f e r  a n d  K o e s t e r ,  
1980; L i n  a n d  Riggs ,  1972). T h e  a n a l o g - s u b s t i t u t e d  D N A  is m o r e  f rag i l e  a n d  
m o r e  s e n s i t i v e  t o  U V  l igh t ,  w h i c h  i n t r o d u c e s  n i c k s  a n d  c ros s - l i nk ing  t o  
p r o t e i n s  ( M c C r e a  a n d  L i p m a n ,  1967; T a i c h m a n ,  1979). 

A t  t h e  s a m e  t i m e  t h e  m u t a g e n i c i t y  o f  t h e  a n a l o g s  s h o u l d  b e  t a k e n  i n t o  
a c c o u n t  ( L i t m a n  a n d  P a r d e e ,  1956). B r d U r d  a n d  I d U r d  c a u s e  i n c r e a s e d  e r r o r s  
in  b a s e  p a i r i n g  w h i c h  r e s u l t s  in h i g h e r  f r e q u e n c y  o f  A - G  a n d  T - C  t r a n s i t i o n s  
( T r a u t n e r  et al., 1962). T h e  m u t a t i o n s  t a k e  p l a c e  in  t h e  c o u r s e  o f  D N A  repl ica­
t i o n  a n d  t r a n s c r i p t i o n  a n d  l e ad  t o  t h e  a p p e a r a n c e  o f  f a u l t y  D N A  c o p i e s ,  R N A  
t r a n s c r i p t s  a n d  p r o t e i n s .  D u e  t o  t h e s e  m u t a t i o n s  e f f e c t s  o f  t w o  d i f f e r e n t  c h a r a c ­
t e r s  s h o u l d  b e  e x p e c t e d ;  ( i )  c h a n g e d  s t r u c t u r a l  g e n e s ,  m R N A s  a n d  p r o t e i n s ,  (ii) 
c h a n g e d  r e g u l a t o r y  e l e m e n t s  o n  D N A  a n d  R N A  m o l e c u l e s  ( p r o m o t e r s ,  e n h a n ­
c e r s ,  t e r m i n a t i o n  a n d  sp l ic ing  s igna l s )  a n d  c h a n g e d  r e g u l a t o r y  p r o t e i n s  
( f ac to r s ) ,  w h i c h  c o n t r o l  t h e  t i m i n g  a n d  i n t e n s i t y  o f  g e n e  r ep l i c a t i on ,  t r ansc r ip ­
t i o n  a n d  t r a n s l a t i o n .  

T h e  r e d u c t i o n  o f  t h e  l eve l  o f  v a r i o u s  c l a s se s  o f  P y  viral  R N A  b y  B r d U r d  i n  
o u r  e x p e r i m e n t s  s e e m s  t o  b e  n o n - s e l e c t i v e ,  i .e.  m o r e  o r  l e s s  g e n e r a l .  I t  m a y  
i n v o l v e  a n y  o f  a b o v e  m e n t i o n e d  m o l e c u l a r  m e c h a n i s m s ,  i n c l u d i n g  a n  a t t r ac ­
t i v e  h y p o t h e s i s  a b o u t  a w e a k e r  l a t e  p r o m o t e r  a n d / o r  e n h a n c e r  in  t h e  n e w l y  
f o r m e d  P y  viral  B r d U r d - D N A .  N e v e r t h e l e s s ,  a l s o  a n  i n d i r e c t  e f f e c t  o f  t h e  
a n a l o g  c a n n o t  b e  e x c l u d e d ,  n a m e l y  a l o w e r e d  leve l  o f  viral  p r o g e n y  
B r d U r d - D N A  f u n c t i o n i n g  a s  t e m p l a t e  a n d  l e a d i n g  t o  a r e d u c e d  t r a n s c r i p t i o n  
r a t e .  H o w e v e r ,  a n y  e v i d e n c e  o f  t h i s  c h a r a c t e r  is m i s s i n g .  
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