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SUMMARY 
A c e l l u l a r ,  ~-Amani t  n s e n s i t i v e ,  RNA polymerase from mouse L 
c e l l s  binds " i n  v i t r o "  to  Mengavirus- induced, doub le-s t randed 
(ds) RNA, Formation of the "enzyme-ds RNA" complex was s tud ied 
by the n i t r o c e l l u l o s e  f i l t e r  techn ique,  
Reaction s t r o n g l y  depends on K+/(NH~and ~ ++ Mn~Mg concen t ra t i on ,  
o c c u r s  o p t i m a l l y  a t  37°C, i s  l i n e a r  wi th  t i m e  up t o  10 m i n u t e s ,  
and is i n h i b i t e d  by a r i f amyc in  d e r i v a t i v e  AF/013, 
Compet i t ion experiments demonstrated t ha t  ne i t he r  heat-denatured 
Mengovirus RF nor s i ng le - s t r anded  r i bonuc leo t i des  i n t e r f e r e  with 
complex  f o r m a t i o n ,  whe rea s  t h e  d o u b l e - h e l i c a l  form o ~ same 
RNAs ( n a t i v e  RF, P o l y  IzC; P o l y  A:U) e f f i c i e n t l y  compe t e  wi th  
M e n g o v i r u s  RF f o r  c e l l u l a r  p o l y m e r a s e .  These  r e s u l t s  seem t o  i n d i -  
c a t e  t h a t  t h e  d o u b l e - h e l i c a l  n a t u r e  o f  t h e  t e m p l a t e  i s  e s s e n t i a l  
f o r  b i n d i n g  t o  o c c u r .  

DNA-directed RNA syn thes is  is a p r e c i s e l y  regu la ted ,  m u l t i p l e  

s t e p  p r o c e s s  b e g i n n i n g  wi th  t h e  a t t a c h e m e n t  ( b i n d i n g )  o f  t h e  

s p e c i f i c  enzyme (RNA p o l y m e r a s e )  t o  t e m p l a t e  DNA. B i n d i n g  i m p l i -  

c a t e s  t h e  a b i l i t y  o£ t h e  enzyme t o  r e c o g n i z e  some s p e c i a l  s t r u c -  

t u r e  on t h e  t e m p l a t e  m o l e c u l e ;  even t h o u g h  i n i t i a t i o n  and t e r m i -  

n a t i o n  o f  RNA s y n t h e s i s  r e q u i r e  in a d d i t i o n  t h e  p r e s e n c e  o f  s p e -  

c i f i c  s i g n a l s  in t h e  DNA. 

" I n  v i t r o "  f o r m a t i o n  o f  t h e  complex  " e n z y m e - t e m p l a t e "  and t h e  

e f f e c t  o f  d r u g s  on t h e  r e a c t i o n  " p o l y m e r a s e - D N A "  have  been ex -  

t e n s i v e l y  s t u d i e d  by t h e  n i t r o c e l l u l o s e  f i l t e r  t e c h n i q u e s ,  t h a t  

i s :  by t a k i n g  a d v a n t a g e  o f  t h e  p r o p e r t y  o f  t h e  complex  t o  be r e -  

r a i n e d  by n i t r o c e l l u l o s e  f i l t e r s  u n d e r  c o n d i t i o n s  which a l l o w  

unbound template to  pass through (1 -3 ) .  

Labeled DNAs of d i f f e r e n t  o r i g i n s  ( v i r a l  and c e l l u l a r )  were 
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used t o  s tudy  t h i s  f i r s t  s tep  o f  t r a n s c r i p t i o n t b u t  t h e  p o s s i -  

b i l i t y  o f  a c e l l u l a r  RNA po lymerase  ab le  t o  t r a n s c r i b e  w i t h  a 

ds RNA as t e m p l a t e  was not  e x p l o r e d °  Th i s  was o f  i n t e r e s t  be-  

cause t h e  r e p l i c a t i v e  form (RF) o f  p i c o r n a v i r u s e s  is i n f e c t i v e ,  

bu t  t h e  mechanism o f  i t s  i n f e c t i v i t y  s t i l l  remains  obscu re :  

In p r e v i o u s  s t u d i e s  (4) we conc luded  t h a t :  i )  c e l l u l a r  t r a n s -  

c r i p t i o n  must be conse rved  f o r  RF t o  r e p l i c a t e  and, i i )  a c e l -  

l u l a r  macromo lecu le  is  i n v o l v e d  in t h e  e a r l y  s t e p s  o f  t h e  i n -  

f e c t i o u s  c y c l e  i n i t i a t e d  by RF. A n a l y s i s  o f  t h e  m o d i f i c a t i o n s  

in t h e  s t r u c t u r e  o f  t h e  incoming m o l e c u l e  o f  RF led us t o  po-  

s t u l a t e  t h a t  t h e  f i r s t  v i r a l  messengers  are  t r a n s c r i b e d  by a 

c e l l u l a r  RNA po lymerase  w i t h  RF (ds RNA) as t e m p l a t e  and we are 

now r e p o r t i n g  t h a t  a c e l l u l a r , : - A m a n i t i n  s e n s i t i v e ,  RNA po lyme-  

rase  from mouse L c e l l s  e f f i c i e n t l y  b i n d s  " i n  v i t r o "  t o  Mengo- 

v i r u s - i n d u c e d  ds RNA. 

MATERIALS AND METHODS 
a) P r e p a r a t i o n  and p u r i f i c a t i o n  o f  3 H - l a b e l e d  Mengov i rus  RF ha-  
ve been d e s c r i b e d  in a p r e v i o u s  paper  ( 5 ) ,  
b) C e l l u l a r , e - A m a n i t i n  s e n s i t i v e  RNA po lymerase  was e x t r a c t e d  
from n u c l e i  o f  mouse L c e l l s  grown in suspended c u l t u r e s  by a 
m o d i f i c a t i o n  o f  t h e  method o f  Jacob e t ~ , ( 6 )  : a d d i t i o n  o f  NP- 
40 1~ ( v / v )  and SOS 0 .2~  (w /v )  d u r i n g  t h e  i n c u b a t i o n  s tep  resu 1 
t e d  in an i n c r e a s e d  y i e l d  o f  t h e  enzyme, A l t e r n a t i v e l y  c e l l u l a r  
po l ymerase  was o b t a i n e d  as d e s c r i b e d  in ( 7 ) .  In bo th  cases pu-  
r i f i c a t i o n  was accomp l i shed  as in ( 8 ) .  Other  t e c h n i c a l  d e t a i l s  
in Tex t  Tab le  I ,  

RESULTS 

a) RNA po l ymerase  a c t i v i t y  was searched  f o r  in f r a c t i o n s  t h a t  

e l u t e  f rom D E A E - C e l l u l o s e  a t  300 mM (NH4)2S04. The p r o p e r t i e s  

o f  t h e  enzyme ( s p e c i f i c  a c t i v i t y :  6990 pmol UMP/mg p r o t e i n  in 

our  assay c o n d i t i o n s )  summarized in Tab le  I are t h o s e  o f  a c e l -  

l u l a r  ~ - A m a n i t i n  s e n s i t i v e  RNA po l ymerase  ( c e l I . P o l . ) .  

b) F i g .  1 (A and B) shows t h a t  in op t ima l  c o n d i t i o n s  c e l l u l a r  

RNA po l ymerase  from mouse L c e l l s  e f f i c i e n t l y  b i n d s  t o  3H-Mend2 

v i r u s  RF. Recovery  on f i l t e r s  is  about  90~ o f  i npu t  r a d i o a c t i v i  
1 
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TABLE I 
P r o p e r t i e s  o f  ~ - A m a n i t i n  s e n s i t i v e  RNA p.ol..ymerase from meuse 
L c e l l s  

React ion m i x t u r e  

Complete 
Omitted DNA 

" Polymerase 
" Phosphoeno lpyruva te  

Complete + Ac t inomyc in  D 
" + Daunomycin 
" + ~ -Aman i t i n  
" + R i f amp i c i n  
" + AF/013 

3H-UMP i nco rpo ra ted  

7497 epm 
722 
93 

5456 
709 
772 
647 

7894 
742 

Text  Table I 
Assay o f  RNA-Polymeras.e a c t i v i t y :  t he  r e a c t i o n  m i x t u r e  ( f i n a l  
volume: 150 ~I) was: Tris, HCI (pH: 8.2) 80 mM; KCI 16 mM; 
(NH4) 2 SO 4 80 mM; Mg Acetate 3 mM; MnCI 2 mM; NaF 3 mM: EDTA 
1 mM; ~-Mercaptoethanol 3 mM; Phosphoenolpyruvate 4 mM; Pyruva- 
te  kynase 2 6 . 6 p g / m l ;  Spermine 3 mM; ATP, CTP, GTP, o,4 mM each, 
UTP 0.013 mM; 3H-UTP (spec.  ac t .  40 Ci/mM) 6 MCi /ml ;  hea t -dena -  
t u r e d  ca l f  thymus DNA 133 #9/ml. Incubation (30 minutes, 37°0) 
was terminated by addin 9 Na pyrophosphate (to 20 mM) and yeast 
RNA (100 Pg)- TCA was made 7.5~. After 30 minutes at O°C, pre- 
c i p i t a tes  were c o l l e c t e d ,  washed 3 t imes  w i th  i c e - c o l d  TCA 5%, 
t w i c e  w i th  methanol ,  d i ges ted  w i th  Hyamine (0 .2  ml) and coun t -  
ed w i th  a t o l uene -based  s c i n t i l l a t i o n  f l u o r .  

ty (values of blank deduced). The reaction strongly depends on 

K ÷ and (NH4) ÷ concentrations (optimal: 25 mM and 50 mM respect ! 

, M ~-F v e l y )  Mn ++ and g c o n c e n t r a t i o n s  i n f l u e n c e  l e s s  m a r k e d l y  com 

plex formation "(optimal: 2 mM and 1 mM respectively; Mn/Mg ra- 

tio = 2), 

c) Retention of 3H-Mengovirus RF is linear with the amountof 

enzyme present in the reaction mixture (Fig. 1C) .  
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Tex t  F i£ .  1 
B i n d i n g  o f  c e l l u l a r  RNA-Polymerase t o  Mengov i rus  RF was pe r fo rmed  
in a f i n a l  volume o f  1 ml and t h e  s t a n d a r d  r e a c t i o n  m i x t u r e  was: 
T r i s .  H C I ( p H : 8 )  60 mM; ~ - M e r c a p t o e t h a n o l  5 mM; EDTA 1 mM; KCI 25 
mM; (NH4) 2 S 0 4 5 0  mM; MnCI 2 mM; Mg Ace t .  1 mM; G l y c e r o l  20% 
( v / v ) ;  Po lymerase 50 ~1 and 2 ,000  cpm 3H-Mengov i rus  RF. B lanks  
c o n t a i n i n g  e i t h e r  40 pg SBA i n s t e a d  o f  Po lymerase or  no p r o t e i n  
a t  a l l  were i n c l u d e d  in each t e s t .  R e a c t i o n s  were i ncuba ted  10 
m inu tes  at  37°C, t h e  volume was a d j u s t e d  t o  4 ml w i t h  t h e  same 
b u f f e r  and f i l t r a t i o n  t h r o u g h  S a r t o r i o u s  membrane f i l t e r s  ( 2 . 5  
cm d i a m e t e r )  was p e r f o r m e d  a t  a c o n s t a n t  r a t e  o f  1 , 3  m l / m i n u t e .  
F i l t e r s  w e r e  d r i e d  and  c o u n t e d  in  a P a c k a r d  L i q u i d  S c i n t i l l a t i o n  
S p e c t r o m e t e r  ( c o u n t i n g  t i m e  20 m i n u t e s ,  a c c u r a c y  l e v e l  0 . 7 ~ ) ,  
V a l u e s  o f  b l a n k s 4 ( u s u a l l y  1 0 0 - 2 0 0  cpm) w e r e  d e d u c e d .  
A: E f f e c t  o f  ( N H ) +  c o n c e n t r a t i o n  on b i n d i n g ,  K + was h e l d  c o n s t a n t  

a t  3,3 mM [ ] - - . o  ; 25  mM ~ B ;  a t  50 mM ~ . . . .  ~ ;  a t  100 mM A - - - - A ;  
and  200  mM e . . - e .  

B: E f f e c t  o f  Mn and  Mg c o n c e n t r a t i o n  on b i n d i n  9 r e a c t i o n ,  Mg was :  
0 . 5  mM [] . .D; I mMA. ~ and 3 mM ~ - - - A  . 

C: The amount o f  p a r t i a l l y  p u r i f i e d  Po lymerase was m o d i f i e d  as 
i n d i c a t e d .  

D: S tandard  r e a c t i o n  m i x t u r e s  were i ncuba ted  at  37°C • ,,A; 30°C 
~ - - - ~  ; and 45°C 5 . . . C  • 

d) A t tachemen t  o f  c e l l u l a r  RNA po l ymerase  t o  3H-RF is  maximal 

at  37°C ( F i g .  1 D) and t h e  r e a c t i o n  seems t o  be r e v e r s i b l e r s i n -  

ce i n c u b a t i o n  beyond 10 m inu tes  r e s u l t s  in a d i m i n u t i o n  o f  
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TABLE II  
E f f e c t  o f  i n h i b i t i n  9 drugs on b i n d i n  9 o f  c e l l u l a r  RNA-Polymerase 
to, M, engov i rus  RF 

BLOCKING 
AGENT 

• none 
• ~ - A m a n i t i n  
• AF/OI3 

BOUND 
c .p .m.  

1398 
1227 

463 

I N H I B I T I O N  

12% 
66% 

3H-RF bound. No deg rada t i on  o f  3H-RF was observed a f t e r  I hour 

i ncuba t i on  with the enzyme. 

e) The effect on the reaction of two inhibiting agents was stu- 

died: ~-Amanitin and a rifamycin derivative AF/OI3. As shown in 

Table II, ~-Amanitin has no action on binding of ceIlu[ar RNA 

polymerase to 3H-RF, whereas AF/OI3 drastically inhibits com- 

plex formation. 

f) Treatment of 3H-RF with RNase.free DNase (lO2~g; 30°C, 25 m ! 

n u t e s )  does  not  a l t e r  i t s  a b i l i t y  t o  b ind t o  c e l l u l a r  RNA p o l y -  

merase ,  

g) In o rde r  t o  s tudy  t he  s t r u c t u r e  r e s p o n s i b l e  f o r  b i n d i n g  o f  

c e l l u l a r  RNA po lymerase t o  Mengovi rus RF, c o m p e t i t i o n  e x p e r i -  

ments were performed: to standard reaction mixtures containing 
3 

fixed amounts of cell. Pol. and H-RF, increasing amounts 

of  un labe led  s i n g l e  - and d o u b l e - s t r a n d e d  RNAs were added. As 

shown in F ig .  2 (A and B),  s y n t h e t i c ,  s i n g l e - s t r a n d e d  p o l y n u -  

c l e o t i d e s  (Po ly  I ; P o l y  C;Poly  A and Poly U) d id  not  i n t e r f e r e  

with the complex Formation,but the same ribopolymers in the dou- 

ble-helical form (Poly i:C;Poly A:U) efficiently compete with 

Mengovirus RF for ceil• RNA polymerase•Fig:2 C shows that unlab~ 
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Text Fi 9. 2 
ComPet i t i on  between 3H-Me, ng, o v i r u s  RF and unlab, eled~ s i n g l e  - and 
d o u b l e - s t r a n d e d  RNAs, 
I n c r e a s i n g  amounts o f  the  un labe led  c o m p e t i t o r  were added t o  s t an -  
dard r e a c t i o n  m i x t u r e s ,  
A and B: aI~cissa = micrograms o f  added c o m p e t i t o r ;  o r d i n a t e  = 3H-RF 

bound on f i l t e r s  (percen tage o f  c o n t r o l s )  
C : To s tandard  r e a c t i o n  m i x t u r e s  the  i n d i c a t e d  amours o f  

heat-denatured (~--~) or native (k ~ ) unlabeled Mengo- 
virus RF were added. Ordinate = 3H-RF bound onto filters, 

led Mengovirus RF can efficiently compete for the enzyme only 

in its native (double-stranded) Form. 

DISCUSSION 

The n i t r o c e l l u l o s e  f i l t e r  t echn ique  has been w ide l y  used t o  

check the  " i n  v i t r o "  f o r m a t i o n  o f  t he  complex "RNA po lymerase-  

t e m p l a t e  DNA" and r e s u l t s  p resen ted  in t h i s  communicat ion i n d i -  

ca te  t h a t  a c e l l u l a r  RNA po lymerase e f £ e c t i v e l y  b inds  t o  Mengo- 
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v i r u s  RF, p r o v i d e d  t h a t  t h i s  abno rma l  (RNA) t e m p l a t e  i s  p r e s e n t  

in i t s  d o u b l e - h e l i c a l  f o r m .  

E v i d e n c e  a g a i n s t  t h e  p o s s i b i l i t y  o f  t h e s e  r e s u l t s  b e i n g  a mere  

technical artifact is: i) high efficiency of recovery (up to 

90~ of input radioactivity in optimal conditions) and low level 

of blanks (I00-200 cpm)~ ii) the inability of other proteins to 

retain 3H-RF on filters~ iii) the critical dependence of the 

reaction of temperature and cation concentration. Complex for- 

mation is inhibited by a rifamycin derivative, AF/OI3. 

Furthermore, bindin 9 appears to be strictly related with the 

double helical nature of the template: all single-stranded RNAs 

tested failed to compete with Mengovirus RF for ceil. Pol. whe- 

reas the double-helical form of the same RNAs was an efficient 

competitor. It is tempting to postulate that recognition of the 

template (and subsequent attachement of the enzyme) depends (at 

least "in vitro") on the structure of the template. 

A second question to be considered is whether a contaminant pr~ 

rein in the preparation of RNA polymerase might be actually re- 

sponsible for the binding reaction with Mengovirus RF. Besides 

RNA polymerase, other proteins have been described that bind to 

nucleic acids: namely Stimulatin 9 Factors I and II (IO) and IF3 

(11). The former are basic proteins (totally excluded from anion 

exchangers ) and therefore are very unlikely present in a prepa- 

ration after DEAE-CeIIulose chromatoflraphy. IF3,on the other 

hand, is a small protein, tenaciously bound to ribosomes, and 

eluting from DEAE-CelIulose at moderate (IO0 mM) (NH4)CI con- 

centrations [12). A third possibility to be taken into account 

is that the protein binding to Mengovirus RF might be a still 

unidentified one, involved perhaps in the synthesis of cellu- 

lar ds R N A s ( 1 3 , 1 4 ) .  The e x i s t e n c e  o f  such s t r u c t u r e s  has been 

r e p e a t e d l y  c la imed  and i n d i r e c t  ev i dence  o f  t h e i r  r e l a t i o n s h i p  

w i t h  c e l l u l a r  mRNAs has been p r e s e n t e d  ( I 4 ) .  

As f a r  as t h e  mechanism o f  i n f e c t i v i t y  o f  Mengov i rus  RF is  con-  

ce rned ,  t h e s e  r e s u l t s  g i v e  f u r t h e r  s u p p o r t  t o  t h e  h y p o t h e s i s  
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t h a t  e a r l y  v i r a l  messengers are t r a n s c r i b e d  by a c e l l u l a r  RNA 

polymepase us i ng  as t emp la te  the  incoming mo lecu le  o f  RF. 

Since the  complex " c e l l u l a r  Polymerase - Mengovi rus RF" de- 

t e c t e d  by t he  n i t r o c e l l u l o s e  f i l t e r  t e c h n i q u e  might  be a non- 

functional one, experiments ape in course to test whether or 

not a polymepase of cellular origin may transcribe "in vitro" 

with d o u b l e - s t r a n d e d  RNAs as t e m p l a t e .  
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