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Summary. - Po lyoma (Py) virus-specif ic  R N A ,  s y n t h e s i z e d  at  
reduced  leve l  in in fected  cells  in t h e  p r e s e n c e  o f  antiviral s u b s t a n c e  
5-bromo-2'-deoxyuridine w a s  characterized in m o r e  detail  b y  
Southern  b l o t  hybridizat ion analysis .  Virus-speci f ic  R N A  p r e s e n t  in 
3 H-uridine label led  cytoplasmic preparat ions  hybr id ized  t o  indivi­
d u a l  viral  D N A  res t r ic t ion  f r a g m e n t s  i n  a charac ter i s t ic  m a n n e r  a n d  
e x t e n t ,  w h i c h  w a s  quan t i t a t ive ly  assayed .  B r d U r d  (6.34 / / g / m l )  
l ower s  t h e  hybr id iza t ion  p ro f i l e s  essen t ia l ly  i n  a p r o p o r t i o n a l  
m a n n e r ,  w h i c h  ind ica tes  t h a t  n o  n e w ,  atypical  t r ansc r ip t ion  
p r o d u c t s  a r e  f o r m e d  i n  t h e  p r e s e n c e  o f  B r d U r d .  
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Introduction 

T h e  b r o m o -  a n d  iodo-ana logs  o f  t h y m i d i n e  inh ib i t  mul t ip l i ca t ion  o f  D N A  
v i r u s e s  ( P r u s o f f  a n d  G o z ,  1975) a n d  cel ls  (Hakala ,  1959). T h e y  c a u s e  c h a n g e s  i n  
g e n e  exp re s s ion  o f  v i r u s e s  a n d  n o r m a l  a s  we l l  a s  v i rus - in fec t ed  cel ls  (Kap lan  et 
al., 1965; S te l lwagen  a n d T o m k i n s ,  1971; L o w y  etal., 1971). T h e  bas i s  o f  t h e s e  
e f f e c t s  is k n o w n :  a f t e r  i n c o r p o r a t i o n  i n t o  D N A  i n s t e a d  o f  t h y m i d i n e  t h e y  
i nc rea se  e r ro r s  i n  b a s e  pa i r ing  a n d  i n d u c e  m u t a t i o n s  ( T r a u t n e r  et al., 1962; 
L i t m a n  a n d  P a r d e e ,  1956). A s  a c o n s e q u e n c e  f au l t y  cop ie s  o f  D N A  a n d  s u b s e ­
q u e n t l y  f au l ty  R N A  t ranscr ip t s  a n d  p r o t e i n s  a r e  f o r m e d .  I n  v i r u s  i n f e c t i o n s  
p r o g e n y  v i r u s  par t ic les  a r e  e i t h e r  n o n i n f e c t i o u s ,  de fec t ive  o f  j u s t  mi s s ing ,  w h i l e  
ce r t a in  viral  c o m p o n e n t s  a r e  n o r m a l l y  f o r m e d  (Kap lan  et al., 1965). N e v e r t h e ­
less ,  t h e  p rec i se  m e c h a n i s m  o f  t h e  ant ivi ra l  ac t ion  o f  B r d U r d  a n d  I d U r d  
r e m a i n s  t o  b e  e luc ida ted .  

W e  h a v e  r e p o r t e d  ear l ie r  t h a t  B r d U r d  c a u s e s  a r e d u c e d  level  o f  p o l y o m a  (Py)  
v i rus-speci f ic  R N A  i n  i n f e c t e d  cel ls  (Ta r á b e k  a n d  Žemla,  1980; Z e m l a  a n d  
Tarábek,  1981) a n d  that  t h e  inhibitory e f f e c t  o f  t h e  analog  towards  individual  
c lasses  o f  virus-specif ic  R N A  is  apparently  o f  non-selective n a t u r e  (Tarábek  et 
al., 1991). In th i s  w o r k  w e  p r e s e n t  a S o u t h e r n  b lot  hybridization analys is  o f  t h e  
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e f f e c t  o f  BrdUrd o n  virus-specif ic  transcription, which  b r i n g s  f u r t h e r  support  o f  
o u r  prev ious  interpretation. 

Materials and Methods 

Virus. T h e  plaque-purified A2LP strain o f  Py virus was  propagated in primary cultures o f  m o u s e  
e m b r y o  (ME) cells as described earlier (Žemla and  Tarábek, 1981). 

Celts. Primary cultures o f  ME cells in  200 m l  roller bottles were  used  (Tarábek et at., 1991). 
Media. Basal Eagle's m e d i u m  with  10 % o f  heat-inactivated calf serum (BEM-CSio) was  used  for  

growth and  maintenance o f  cells. BEM containing 20 mmol/1 Tris.HCl, pH 7.5 (BEM-Tris) was  
used for  virus adsorption onto  cells. 

Southern blot hybridization analysis. W e  have used  the  type o f  Southern blot  hybridization 
analysis described b y  Fe ldman  et at. (1979). There, the  labelled virus-specific R N A  is hybridized 
to the electrophoretically separated and blotted restriction fragments o f  viral D N A  a n d  the quanti­
tative assay resides in densitomerty o f  autoradiographs. W e  have modified this procedure by 
using tritium instead o f  32-phosphorus as a label and direct measurement o f  radioactivity o f  blots. 

}H-RNA isolation. RNA was isolated from virus-infected cells with Nonidet P-40 according to  
Favaloro et at. (1980) 42 hrs p. i. after 3 hrs o f  labelling (39-42 hrs) with  3H-uridine in concentration 
o f  100 KBq/ml o f  BEM-CSio- If the cells were treated with BrdUrd (6.34 / /g /ml) ,  the analog was 
added to the medium after the 3 hrs virus adsorption period and it remained there until the isola­
tion o f  RNA. The specific radioactivity o f  3H-RNA preparations amounted to 60 000-200 000 
cpm/ / /g  RNA. There was n o  substantial difference between specific radioactivities o f  RNA prepa­
rations from control and treated cells within one experiment. The preparations were routinely 
checked by agarose gel electrophoresis for the presence o f  intact 28, 18 and 4-5  S cellular RNAs. 
The  preparations were stored ethanol precipitated at - 2 0  °C. 

DNA restriction fragments. Viral D N A  was either isolated in the supercoiled form from virus-
infected cells by the selective procedure ofHirt  (1967) and isopycnic CsCl density gradient centri-
fugation (Radloff et at., 1967) or it was cut out as linear molecule with Bam\\\ ends from the 
recombinant plasmid Py/pXf3, which was kindly supplied by Dr. M. Fried from ICRF in London. 
Viral D N A  was digested with P&\, Hpall or £coRI (2-5 units/ / /g D N A )  restriction endonucleases 
in optimal reaction buffers at 37 °C for 5 hrs (Maniatis et at., 1982). 

Gel electrophoresis and blotting. Digested viral D N A  was electrophoresed using 4 m m  thick slabs 
(150x200 mm) o f  1.2 °/o agarose in horizontal o f  vertical setup with T A E  running buffer. Ethidium 
bromide (0 .5 / /g /ml)  was present both in buffer and gel. Samples containing 1-4 f ig  o f  fragmented 
D N A  were applied per slot and each sample was present in duplicate. In this way one  gel consisted 
o f  two identical halves. Hindlll fragments o f  lambda D N A  served as •> marker. The  electropho­
resis was run for 16-18 hrs at room temperature at 1 V/cm.  Then the gel was treated in alkaline 
solution, neutralized and blotted overnight to nitrocellulose membrane (Sartorius) in 20xSSC by 
a standard procedure (Maniatis et al., 1982). Blots were finally dried freely in air and then baked at 
80 ° C  for 4 hrs in vacuum. 

Hybridization. Two identical D N A  blots were hybridized at the same time with two different 
RNA probes originating from BrdUrd treated and control cells. Identical amounts o f  3 H-RNA 
probes (100-200 / / g )  in the volume o f  100 1 were added after denaturation to  the hybridization 
system. RNA probes were denatured immediately before use by heating at 65 °C for 5 min in 10 
mmol/1 Tris.HCl pH 7.5, 100^mol / l  EDTA and 50 % formamide and quenched in ice. For hybri­
dization two slightly different methods were used, (a) D N A  blots in sealed plastic bags were prein-
cubated for 24 hrs at 45 °C in 4 -5  ml o f  hybridization solution. The latter consisted o f  l x  Denhardt 
solution, 50 % formamide, 2x SSC, calf thymus D N A  100 / / g /ml  and yeast RNA 50,ug/ml.  After 
change o f  hybridization solution and addition o f  RNA probe the hybridization proceeded at 45 °C 
for 3 - 4  days. Blots were then washed several times in 3x SSC at 60 °C for 1 hr, digested with RNase 
A (10 / ig /ml )  in 2x SSC for 2 hrs at room temperature and washed again as before (Feldman et al.. 
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1979). (b) D N A  blots  w e r e  equil ibrated w i t h  4-5 m l  o f  hybridization solution at r o o m  tempera­
ture, R N A  probe was added and the hybridization proceeded at 42 ° C  for 24 hrs. The  hybridization 
solution consisted o f  5x Denhardt solution, 50 % formamide, 3x  SSC, 0.1 % S D S  and 50 mmol/1 
Hepes  pH 7.4. Blots were then washed in 2x SSPE plus 0.1 % S D S  for 30 min and in O.lx SSPE plus 
0.1 % S D S  for another 30 min, both steps at room temperature (Barinaga et al., 1981). Washed 
blots were dried freely in air and then in vacuum at room temperature for 1 hr. These two methods 
led to similar results. 

Direct measurement of radioactivity of blots. Since the fluorography method o f  detection o f  
tritium-labelled hybrids turned out to  be  not sufficiently sensitive, w e  have measured the radioac­
tivity o f  blots directly. 2 m m  stripes cut out from individual lanes o n  blots were assayed for  3 H-
radioactivity in 10 ml  o f  toluene based scintillation coctail in Packard Tricarb spectrometer Model 
3390. 

Solutions, buffers and chemicals. TAE,  SSC and SSPE had a standard composition (Maniatis et 
al., 1982; Ausubel  et al., 1987). Bromophenolblue stop solution contained 60 °/o(w/v) sucrose, 0.1 
mol / l  E D T A  and 0.05 % bromophenol blue. Scintillation cocktail contained 0.4 % PPO and 0.05 % 
POPOP in toluene. BrdUrd, Nonidet P-40, calf thymus D N A  and yeast R N A  were purchased from 
Fluka; agarose (standard EEO), formamide, S D S  and Tris from Serva; CsCl, PPO and POPOP 
from Packard; Hepes and RNase from Sigma; restriction endonucleases  BamHÍ, EcoKl, Hpall a n d  
Pstl f r o m  Serva, Institute o f  Sera a n d  Vaccines (Prague) a n d  Institute o f  Molecular Biology o f  
Slovak A c a d e m y  o f  Sciences (Bratislava); Hindlll f ragments  o f  l a m b d a  D N A  as size marker f r o m  
A m e r s h a m  International pic; [3H]-5-uridine o f  specific radioactivity 740-1100 G B q / m m o l  f r o m  
Institute f o r  Production, Research a n d  Use  o f  Radioisotopes (Prague). 

T h e  S o u t h e r n  b l o t  hybridizat ion analys is  o f  t h e  e f f e c t  o f  BrdURd o n  virus-
speci f ic  R N A  w a s  p e r f o r m e d  u n d e r  t h e s e  prerequis i tes :  (a) a h i g h  multiplicity 

Results and Discussion 
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o f  infect ion (25-50 PFU/cell) apparently e n s u r e d  j u s t  o n e  cycle o f  v i r u s  replica­
t i o n ;  (b )  t h e  t i m e  o f  i so la t ion  o f  cy top lasmic  R N A  (42 h r s  p .  i.) c o r r e s p o n d e d  t o  
t h e  h i g h e s t  level  o f  v i rus-speci f ic  R N A  u n d e r  n o r m a l  c o n d i t i o n s  ( Ž e m l a  a n d  
Tarábek,  1981); (c) t h e  c h o s e n  concentration o f  BrdUrd in m e d i u m  (6.34 
^ g / m l )  caused  in p r e v i o u s  e x p e r i m e n t s  (Žemla a n d  Tarábek,  1981) only  a 
partial reduction o f  total v irus-specif ic  R N A ;  it can b e  a s s u m e d  that  individual  
c las ses  o f  th i s  R N A  wil l  a l so  b e  partially reduced;  (d) s ince  a " n o r m a l "  v i r u s  w a s  
u s e d  a s  inoculum f o r  cel ls  a n d  t h e  analog  w a s  present  in t h e  m e d i u m  only  
d u r i n g  t h e  post-adsorption period,  t h e  early p h a s e  o f  t h e  v i r u s  g r o w t h  cycle w a s  
" n o r m a l " ;  t h e  ana log  could  i n f l u e n c e  j u s t  t h e  late phase,  w h e n  t h e  viral D N A  
replication s tarted a n d  t h e  analog  w a s  incorporated into progeny  D N A .  

T h e  hybridization prof i le  o f  Pstl f r a g m e n t s  o f  viral D N A  is  s h o w n  in Fig.  1. 
T w o  c u r v e s  indicate control  a n d  BrdUrd-series  a n d  display t h r e e  s h a r p  p e a k s  
corresponding  t o  hybridization o f  Pstl f r a g m e n t s  A ,  B a n d  C+D.  BrdUrd 
partially lowers  t h e s e  p e a k s  in a s imilar  m a n n e r .  

T h e  hybridizat ion prof i le  o f  Hpall f r a g m e n t s  o f  viral  D N A  i s  s h o w n  in Fig. 2. 
F i v e  distinct p e a k s  correspond t o  s i x  f r a g m e n t s  (A,  B,  C, D ,  E+F). H e r e  t h e  
inhibitory e f f e c t  o f  BrdUrd is  in genera l  m o r e  pronounced  t h a n  in t h e  experi ­
m e n t  w i t h  Pstl f r a g m e n t s  (Fig.  1). T h e  hybr id iza t ion  p ro f i l e  o f  £ c o R I  p l u s  
BamHl f r a g m e n t s  o f  viral D N A  is d e m o n s t r a t e d  i n  F ig .  3 .  T w o  f a s t e r  p e a k s  

A B C D  E F 
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3 H-RNA from Py virus-infected cells 
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b e l o n g  t o  f r a g m e n t s  A a n d  B,  w h i l e  t h e  s l o w e s t  o n e  b e l o n g s  t o  t h e  complete  
u n d i g e s t e d  viral  D N A .  BrdUrd clearly r e d u c e s  their  hybridizat ion.  

Preparat ions o f  cytoplasmic R N A  f r o m  Py  v irus- infected cells,  i solated in t h e  
late  p h a s e  o f  infect ion contain v a r i o u s  m a t u r e  viral  m R N A s  a n d  eventual ly  
their  b r e a k d o w n  products,  w h i c h  a r e  s u p p o s e d  t o  hybr id ize  w i t h  speci f ic  
r e g i o n s  o f  viral  D N A .  A c c o r d i n g  t o  t h e  l i terature data  (Tooze,  1980) a major i ty  
(about  9 5  %) o f  v irus-speci f ic  R N A  in s u c h  preparat ions  r e p r e s e n t s  m R N A s  
transcr ibed f r o m  t h e  late  s t rand  o f  viral  D N A  w h i c h  code  f o r  capsid prote ins  
V P I ,  V P 2  a n d  V P 3 .  T h e s e  " l a t e "  m R N A s  correspond t o  nucleot ides  5128-5020 
a n d  5014-2908 o n  Py  D N A  (O'Brien,  1984). A minori ty  (about  5 %) represents  
m R N A s  transcr ibed f r o m  t h e  early  s t rand o f  viral  D N A  w h i c h  c o d e  f o r  small ,  

Py 
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Quantitative assay o f  b l o t  hybridizat ion 
o f  EcoRl+BamHl f ragments  o f  Py D N A  
w i t h  3 H-RNA f r o m  Py virus-infected cells 
Control  (o) a n d  BrdUrd (•) series. Ordi­
nate: radioactivity in cpm. Abscissa: 
distance from the start in mm. A ,  B: 
restriction fragments. Py: undigested Py 
D N A .  

Fig. 3 
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m i d d l e  a n d  large t u m o u r  ant igens .  T h e s e  "ear ly"  m R N A s  correspond t o  
nucleot ides  148-746 a n d  795-2920 o n  Py D N A .  T h e  discontinuity  o f  b o t h  
reg ions  is caused  b y  introns.  W h e r e a s  t h e  late m R N A s  are  transcribed practi­
cally exclus ively  f r o m  t h e  n e w l y  rep l ica ted ,  p r o g e n y  viral D N A  a n d  m a y  b e  
t h e r e f o r e  direct ly i n f l u e n c e d  b y  t h e  incorpora t ion  o f  t h e  a n a l o g  i n t o  D N A ,  t h e  
ear ly  m R N A s  or ig ina te  pr imar i ly  f r o m  t h e  i n f ec t i ng  viral D N A  a n d  o n l y  s e c o n ­
dari ly  f r o m  t h e  p r o g e n y  viral D N A .  T h u s  t h e  po t en t i a l  e f f e c t  o f  t h e  a n a l o g  o n  
t h e  ear ly  m R N A s  s e e m s  m o r e  c o m p l e x .  

T h e  hybr id iza t ion  o f  ind iv idua l  res t r ic t ion  f r a g m e n t s  o f  Py  D N A  w i t h  v i rus -
speci f ic  R N A  i n  o u r  e x p e r i m e n t s  s h o u l d  b e  c o n s i d e r e d  a l so  f r o m  t h i s  aspec t ,  
n a m e l y  h o w  d o e s  it  c o r r e s p o n d  t o  t h e  ear ly  o r  la te  n a t u r e  o f  t h e  f r a g m e n t s .  T h e  
r e l a t ionsh ip  o f  Pstl, Hpall a n d  £ c o R I  p l u s  BamHl res t r ic t ion  f r a g m e n t s  t o  t h e  
ear ly  a n d  l a te  m R N A  reg ions  o f  Py  D N A  is s h o w n  i n  T a b l e  1. I t  d e m o n s t r a t e s  
t h a t  t h e  res t r ic t ion  f r a g m e n t s  u s e d  i n  o u r  e x p e r i m e n t s  a r e  o f  t h r e e  t y p e s  i n  t h i s  
r e spec t :  ear ly,  la te  a n d  ear ly- late  f r a g m e n t s .  A n  a s s u m p t i o n  t h a t  l a te  f r a g m e n t s  
s h o u l d  give a s t r o n g e r  hybr id iza t ion  ( h i g h e r  peaks )  t h a n  t h e  ear ly  f r a g m e n t s  is 
fu l f i l l ed  in  t h e  case  o f  Hpall f r a g m e n t s  A ,  C (h igh)  v e r s u s  D ,  E + F  ( low,  F ig .  2) .  
A l s o  t h e  hybr id iza t ion  prof i le  o f  EcoRl p l u s  BamHl f r a g m e n t s  (Fig.  3 )  c a n  b e  
sat isfactor i ly  exp la ined .  B o t h  f r a g m e n t s  A a n d  B a r e  o f  t h e  ear ly- late  t y p e ,  b u t  
t h e  h i g h e r  peak  A c o r r e s p o n d s  t o  t h e  m a j o r  V P 1  p l u s  m i n o r  V P 3  m R N A s ,  
w h i l e  t h e  l ower  peak  B c o r r e s p o n d s  t o  t h e  m i n o r  V P 2  m R N A  on ly .  H o w e v e r ,  

Table 1. Relationship of Pstl, Hpall and EcoRI+BamHI restriction fragments of Py viral DNA to 
the early and late regions of the genome 

Restriction Size Localization Region 
endonuciease b. p. (nucleotide No. )  early late 

Pstl A 1872 489 - 2361 + 
B 1551 4230 - 488 + + 
C 912 3318 - 4229 + 
D 862 2456 - 3 3 1 7  + + 

Hpall A 1418 2992 - 4 4 0 9  + 
B 1127 1489 - 2 6 1 5  + 
C 882 4410 - 5291 + 
D 702 400 - 1101 + 
E 400 5292 - 399 + 
F 376 2616 - 2991 + + 

EcoRI+BamHI A 3072 1561 - 4632 + + 
B 2220 4633 - 1560 + + 
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t h e  hybridizat ion o f  Pstl f r a g m e n t s  A ,  B, C + D  (Fig. 1) a n d  t h e  Hpall f r a g m e n t  
B (Fig. 2)  d o e s  n o t  fit t h e  a s s u m p t i o n  m e n t i o n e d  a b o v e .  

O u r  resu l t s  o f  t h e  S o u t h e r n  b l o t  hybridizat ion analys is  o f  t h e  e f f e c t  o f  
BrdURd o n  Py  virus-specif ic  R N A  c o n f i r m  o u r  p r e v i o u s  findings (Tarábek  et 
al., 1991). T h e y  indicate that  t h e  analog  l o w e r s  t h e  leve l  o f  individual  c lasses  o f  
viral  R N A  in a non-select ive  m a n n e r  a n d  that  n o  n e w ,  atypical transcription 
products  are  f o r m e d .  T h i s  observat ion  is  in accordance w i t h  reports  o n  inhibi­
t o r y  e f f e c t s  o f  B r d U r d  o n  v i rus-spec i f ic  R N A  s y n t h e s i s  o r  g e n e  exp re s s ion  i n  
o t h e r  v i ruses .  T h u s  viral  R N A  s y n t h e s i s  w a s  i n h i b i t e d  i n  t h e  case  o f  S V 4 0  a n d  
H S V - 1  v i r u s e s  (Pa t ch  et al., 1981; O t t o  et al., 1984). I n  t h e  l a t t e r  ca se  a l so  a 
r e d u c e d  leve l  o f  p o l y ( A ) R N A  w a s  f o u n d  a n d  a c c o u n t e d  f o r  b y  t h e  i nh ib i t i on  o f  
po lyadeny la t ion .  A n  inh ib i t i on  o f  s y n t h e s i s  o f  viral  p r o t e i n s ,  u sua l l y  o f  t h e  l a te  
t y p e  w a s  f o u n d  i n  vaccinia ,  a d e n o - 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 l  a n d  P r u s o f f ,  1979; O t t o  et al., 1984; Ta r á b e k ,  u n p u b l i s h e d  
results) .  O n  t h e  o t h e r  hand,  a n o r m a l  f o r m a t i o n  o f  s tructural  ant igen o f  p s e u -
dorabies  v i r u s  i n  t h e  p r e s e n c e  o f  BrdUrd or  IdUrd w a s  o b s e r v e d  (Kaplan  et al., 
1965). H o w e v e r ,  it s h o u l d  b e  m e n t i o n e d  that  t h e  e f f e c t s  o f  analogs  m a y  d e p e n d  
o n  their  concentrat ion a n d  consequent ly  o n  t h e  e x t e n t  o f  subst i tut ion o f  
t h y m i d i n e  in D N A .  Namely,  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 %) c a u s e d  a n  inhibit ion o f  viral  R N A  s y n t h e s i s  t o  30-50  % o f  control, 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  (10-15 %) caused  a 5-fold s t imulat ion (Patch 
et al., 1981). Inhibi tory  e f f e c t s  o f  t h e  analogs  o n  t h e  s y n t h e s i s  o f  R N A  or 
speci f ic  prote ins  ( e n z y m e s )  are  k n o w n  a l so  f r o m  v a r i o u s  cell s y s t e m s  (Stell-
w a g e n  a n d  T o m k i n s ,  1971; J o n e s  a n d  D o v e ,  1972; Preisler  et al., 1973). 

V a r i o u s  e f f e c t s  o f  h a l o g e n e  analogs  o f  t h y m i d i n e  o n  transcription a n d  tran­
s la t ion  o f  viral  o r  ce l lu lar  g e n e s  a r e  b a s e d  pr imar i ly  o n  t h e i r  i nco rpo ra t i on  i n t o  
D N A ;  t h e  ana log -con ta in ing  D N A  (a) h a s  c h a n g e d  phys ico-chemica l  a n d  
biological  p r o p e r t i e s  p e r  s e  a n d  (b )  i t  u n d e r g o e s  inc re ra sed  m u t a t i o n s  (L in  a n d  
Riggs,  1972; T r a u t n e r  etal., 1962). S i n c e  t w o  pr incipal ly  d i f f e r e n t  t y p e s  o f  D N A  
s e q u e n c e s ,  n a m e l y  t h o s e  c o d i n g  f o r  g e n e  p r o d u c t s  a n d  t h o s e  r egu la t ing  t h e i r  
s y n t h e s i s  c a n  b e  a f f e c t e d  b y  t h e  m e n t i o n e d  c h a n g e s ,  a g r e a t  var ie ty  o f  e f f e c t s  o f  
t h e  ana logs  w i t h  d ive r se  m e c h a n i s m  invo lved  m a y  t a k e  p lace .  

Acknowledgement. The  help o f  Dr. I. Bačík in photographing U V  profi les o f  gels and  t h e  ski l l ful  
technical asistence o f  M. Balgová are greatfully acknowledged.  

R e f e r e n c e s  

A u s u b e l ,  F. M., Brent, R., Kingston, R. E., Moore, D. D., Seidman, J. G., Smith, J. A.,  a n d  Struhl, 
K. (1988): Current Protocols in Molecular Biology, J. W i l e y  and  Sons, N e w  York.  

Barinaga, M., Franco, R., Meinkoth, J., Ong, E., a n d  Wahl ,  G. M. (1981): Methods for the Transfer 
of DNA, RNA and Proteins to Nitrocellulose and Diazotized Solid Supports, Schleicher a n d  
Schuell, Keene.  

Favaloro, J., Treisman, R., and  Kamen,  R. (1980): Transcription m a p s  o f  po lyoma virus  specific 
R N A :  analysis b y  two-dimensional  nuclease SI gel mapping.  Methods Enzymol. 65, 718-749. 



374 ŽEMLA, J. & TARÁBEK, J. 

Feldman,  L., Rixon, F. J., Jean, J. H., BenPorat, T., a n d  Kaplan, A .  S. (1979): Transcription o f  the  
g e n o m e  o f  pseudorabies virus (a herpesvirus) is strictly controlled.  Virology 97, 316-327. 

Hakala, M. T. (1959): Mode o f  action o f  5-bromodeoxyuridine o n  m a m m a l i a n  cells in  culture.  J. 
Biol. Chem. 234, 3072-3076. 

Hirt, B. (1967): Selective extraction o f  po lyoma D N A  f r o m  infected m o u s e  cell cultures. J. Mol. 
Biol. 26, 365-369. 

Jones, T. C., and  Dowe,  W .  F. (1972): Photosensitization o f  transcription b y  bromodeoxyur id ine  
substitution.  J. Mol. Biol. 64, 409-416. 

Kan-Mitchell, J., and  Prusoff, W .  H. (1979): Studies o f  the  effects  o f  5-iodo-2'-deoxyuridine o n  
the  formation o f  adenovirus  type 2 virions and  the synthesis o f  virus-induced polypeptides. 
Biochem. Pharmacol. 28, 1819-1829. 

Kaplan, A .  S., BenPorat, T., and  Kamyia, T. (1965): Incorporation o f  5-bromodeoxyuridine and  5-
iododeoxyurid ine  into viral D N A  and  its ef fect  o n  the  infective process. Ann. N. Y. Acad. Sci. 
130, 226-239. 

Lin, S. Y., and  Riggs, A .  D. (1972): Lac operator analogues: bromodeoxyur id ine  substitution i n  
t h e  lac operator affects the  rate o f  dissociation o f  the  lac repressor. Proc. natn. Acad. Sci. U.S.A. 
69, 2574-2576. 

Litman, R., and  Pardee, A .  (1956): Studies in  mutagenesis  - production o f  bacteriophage mutants  
b y  a disturbance o f  D N A  metabol ism.  Nature 178, 529-539. 

Lowy,  D. R., Rowe,  W .  P., Teich, N., and  Hartley, J. W .  (1971): Murine leukemia virus: h igh  
frequency activation in vitro b y  5-iododeoxyuridine and  5-bromodeoxyuridine.  Science 174, 
155-156. 

Maniatis, T., Fritsch, E. F., and  Sambrook, J. (1982): Molecular Cloning. A Laboratory Manual. 
Cold  Spring Harbor Laboratory, Co ld  Spring Harbor. 

O'Brien, S. J. (1984): Genetic Maps 1984. Cold  Spring Harbor Laboratory, Cold  Spring Harbor, pp. 
66-76. 

Otto, M. J., Goz,  B., and  Prusoff, W .  H. (1984): Antiviral  activity o f  iodinated pyrimidine deoxyri-
bonucleosides,  pp. 11-38. In Y .  Becker (Ed.): Antiviral drugs and Interferon: The Molecular Basis 
of Their Activity, Martinus N i j h o f f  Publishing, Boston. 

Patch, C. T., Chattopadhyay, S. K., Hauser, J., and  Levine, A .  S. (1981): Regulation o f  viral transc­
ription in cells infected with iododeoxyuridine-substituted simian virus 40 as a model for the 
activation by iododeoxyuridine o f  latent viral genome.  Cancer Res. 41, 2421-2427. 

Pennington, T. H. (1976): Effect o f  5-bromodeoxyuridine o n  vaccinia virus-induced polypeptide 
synthesis: selective inhibition o f  the synthesis o f  some post-replicative polypeptides. J. Virol. 
18, 1131-1132. 

Preisler, H. D., Housman, D., Scher, W., and Friend, C. (1973): Effects o f  5-bromo-2'-deoxyuri-
dine o n  production o f  globin messenger RNA in dimethyl sulfoxide-stimulated Friend 
leukemia cells. Proc. natn. Acad. Sci. U.S.A. 70, 2956-2959. 

Prusoff, W. H., and Goz,  B. (1975): Halogenated pyrimidine deoxyribonucleosides, pp. 272-347. 
In A.  Sartorelli and D.  Johns (Eds): Handbook of Experimental Pharmacolgy, Springer Verlag, 
Berlin. 

Radloff, R., Bauer, W., and Vinograd, J. (1967): A dye-buoyant density method for the detection 
and isolation o f  closed circular duplex DNA:  the closed circular D N A  in HeLa cells. Proc. natn. 
Acad. Sci. U.S.A. 57, 1514-1521. 

Stellwagen, R. H., and Tomkins, G. M. (1971): Differential effect o f  5-bromodeoxyuridine o n  the 
concentrations o f  specific enzymes in hepatoma cells in culture. Proc. natn. Acad. Sci. U.S.A. 68, 
1147-1150. 

Tarábek, J., and Žemla, J. (1980): Inhibition o f  po lyoma virus-specific R N A  formation b y  5-
bromo-2'-deoxyuridine.  Neoplasma 27, 601-605. 

Tarábek, J., Žemla, J., and  Baílk, I. (1991): Northern blot  hybridization analysis o f  po lyoma virus-
specific R N A  synthesized u n d e r  the  block o f  virus replication b y  5-bromo-2'-deoxyuridine. 
Acta vlrol. 35, 305-312. 



POLYOMA VIRUS RNA A N D  BROMODEOXYURIDINE 375 

Tooze,  J. (1980): Molecular Biology o f  T u m o u r  Viruses, 2 n d  edition. Part 2. D N A  T u m o u r  
Viruses. Co ld  Spring Harbor Laboratory, C o l d  Spring Harbor. 

Trautner, T .  A . ,  Swartz, N. N., a n d  Kornberg, A .  (1962): Enzymatic  synthesis o f  deoxyribonucleic 
acid. X .  Inf luence  o f  bromouraci l  substitution o n  replication. Proc. natn. Acad. Sci. U.S.A. 48, 
449-455. 

Žemla, J., a n d  Tarábek, J. (1981): Ant iv ira l  action o f  5-bromo-2'-deoxyuridine a n d  p o l y o m a  virus-
specific R N A  synthesis.  Antiviral Res. 1, 157-165. 


