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CORDYCEPIN ANALOGS OF 2-5A AS ACTIVATORS OF RNASE L: STUDY OF THE 
STRUCTURAL REQUIREMENTS FOR RNASE L ACTIVATION 

K a t a l i n  Karik6§,+Nancy L. Reichenbach' , Rfbe r t  J .  Suhadoln ik*§,  Earna- 
murthy Charubala and Wolfgang P f l e i d e r e r  

'Department o f  Biochemistry,+Temple U n i v e r s i t y  School o f  Medic ine,  
P h i l a d e l p h i a ,  PA 19140 USA; F a c u l t a t  Fu r  Chemie, U n i v e r s i t a t  Konstanz, 
D-7750 Konstanz, Germany 

Enzymat i ca l l y  and c h e m i c a l l y  syn thes i zed  co rdycep in  analogs o f  
t 2-5A t r i m e r  and t e t r a m e r  were found  t o  be b i o l o g i c a l l y  a c t i v e  as  p r o -  

t e i n  s y n t h e s i s  i n h i b i t o r s  i n  i n t a c t  c u l t u r e d  human f i b r o b l a s t  and 
mur ine L929 c e l l s l Y 2 .  I n  r a b b i t  r e t i c u l o c y t e  l y s a t e s ,  t h e  co rdycep in  
t e t r a m e r  ana log  o f  2-5A i n h i b i t s  p r o t e i n  s y n t h e s i s  th rough  b i n d i n g  t o  

3 and a c t i v a t i o n  of RNase L . Our p resen t  r e s u l t s  u s i n g  L929 c e l l  ex- 
t r a c t s  p r o v i d e  d i r e c t  ev idence t h a t  t h e  co rdycep in  analogs o f  2-5A 
can b i n d  t o  and a c t i v a t e  RNase L. 

Rad iob ind ing  assay. The c h e m i c a l l y  and e n z y m a t i c a l l y  syn thes i zed  

co rdycep in  t r i m e r  and te t ramer  analogs o f  2-5A were a b l e  t o  b i n d  t o  
RNase L i n  mur ine L929 c e l l  e x t r a c t s  ( F I G .  1A) .  The c o n c e n t r a t i o n  o f  
co rdycep in  t r i m e r  and t e t r a m e r  analogs r e q u i r e d  t o  d i s p l a c e  50% o f  
t h e  2-5-p3A4[ P]pCp probe f rom RNase L was 4 x and 1 x M y  

r e s p e c t i v e l y .  Bo th  analogs were about t e n  t imes  l e s s  e f f e c t i v e  than  
t h e i r  a u t h e n t i c  coun te rpa r t s ,  i n  good agreement w i t h  a p r e v i o u s  

4 r e p o r t  . 

s i z e d  co rdycep in  t r i m e r  and t e t r a m e r  analogs o f  2-5A were a b l e  t o  
a c t i v a t e  i n m o b i l i z e d  and p a r t i a l l y  p u r i f i e d  RNase L (FIG. 1B). 

H y d r o l y s i s  o f  polyU[ 
RNase L a c t i v a t i o n .  
l o w  as 2 x lo-* M. 

32 

C o r e - c e l l u l o s e  assay. The c h e m i c a l l y  and e n z y m a t i c a l l y  synthe-  

32 P]pCp was mon i to red  t o  determine t h e  e x t e n t  o f  
The co rdycep in  analogs a c t i v a t e d  RNase L as 

~~ 

+2-5A, 2 ' , 5 ' - l i n k e d  o l i g o a d e n y l a t e s  --  p p p 5 ' A 2 ' ( p 5 ' A )  , where n = ? , 3 ;  
t h e  co rdycep in  analogs o f  2-5A, ppp5 ' (3 'dA)2 '  (p5'3'dAqn. 
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FIGURE 1 .  
2-5-~,A~[~2P]pCp from RNase L i n  mouse L929 ce l l  e x t r a c t s  was de te r -  
mined in radiobinding assay$. (100% represents 12,000 cpm; i n p u t  
2-5-p A4[32P]pCp was 21,000 cpm). B.  The a b i l i t y  of the  cordycepin 
analois t o  a c t i v a t e  pur i f ied  RNase L was determined by hydrolysis of 
polyU[32P]pCp in core-ce l lu lose  assays6. (100% represents  5,000 cpm 
polyU[32P]pCp; t o t a l  input was 27,000 cpm). p3A3, 0 ;  p 3 A 4 , a ;  

A .  The a b i l i t y  of t he  cordycepin analogs t o  d isp lace  

~33 'dA3,  A; p33'dAqy 0. 

Ribosomal cleavage assay. In functional ribosomal cleavage 
assays,  2-5A o r  i t s  analogs ac t iva ted  RNase L t o  cleave rRNA present 
in i n t a c t  ribosomes t o  y ie ld  spec i f i c  cleavage products . The 
cordycepin analogs of 2-5A can a c t i v a t e  RNase L i n  the L929 c e l l - f r e e  
system as  low as  1 x M (F IG.  2 ) .  

The findings described here a r e  cons is ten t  w i t h  our e a r l i e r  
reports '  y3 demonstrating t h a t  the  inh ib i t i on  of pro te in  synthes is  by 

the 5 ' - t r iphosphate  cordycepin t r imer  and tetramer analogs i s  d i r ec t ed  
through ac t iva t ion  of RNase L and not o the r  e f f e c t s  a s  has  been sug-  
gested . In the radiobinding and rRNA cleavage assays w i t h  e x t r a c t s  

7 
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FIGURE 2.  
synthesized cordycepin analogs of 2-5A were performed a s  described . 
L929 c e l l  ex t r ac t s  were incubated i n  the absence ( l ane  I )  o r  presence 
of p A and p A a t  10-8 and 10-7 M ( lanes  2-5 and 6-9, 

8c$ively]q ihemically synthesized p33’dA and p 3‘dA4 a t  10-9, 
M ( l anes  10-12 and 13-15, resp&t ive l$) ;  enzymatically 

synthesized p33‘dA a t  10-9 and M ( lanes  16-17) a t  30°C f o r  1 hr. 
Total RNA was e x t r j c t e d ,  denatured and analyzed on 1.8% agarose g e l s  
a f t e r  s t a in ing  w i t h  ethidium bromide. 
with u v  l i g h t .  
cleavage products (arrows) a r e  indicated.  

rRNA cleavage assays w i t h  enzymatically and chemically 

and 10- 

The RNA bands a r e  v isua l ized  
The pos i t ions  of 28s and 18s rRNA a s  well a s  s p e c i f i c  

of L929 c e l l s  (FIG. l A ,  2) ,  the cordycepin analogs were ten times 
less a c t i v e  than au thent ic  2-5A, which d i f f e r s  from our e a r l i e r  r epor t  
on the inh ib i t i on  of protein synthes is  i n  i n t a c t  L929 c e l l s  i n  which 
the cordycepin analogs were more ac t ive  than 2-5A . 
t h i s  d i f fe rence  may be t h a t  one hour incubation (Fig. lA, 2 )  i s  not 
s u f f i c i e n t  t o  u t i l i z e  the  advantage of the  prolonged e f f e c t  of t he  
much more s t a b l e  cordycepin analogs, as was observed hours o r  days 
a f t e r  i n i t i a l  treatment of L929 c e l l s  . This apparent discrepancy i s  
emphasized i n  the  core-cellulose assay, i n  which phosphodiesterases 
a r e  removed. 

i e ~ ” ~ ”  t h a t  the cordycepin analogs of 2-5A have t h e i r  e f f e c t s  through 
ac t iva t ion  of RNase L may be explained by the suggestion of Kerr and 
coworkers” t h a t ,  u n l i k e  a l i  o the r  analogs t e s t ed  t o  da te ,  the 5 ’ - t r i -  
phosphate i s  required for  ac t iva t ion  of RNase L by the cordycepin ana- 

1 The reason f o r  

1 

Variation between the  observations from t h i s  and o ther  laborator- 
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logs. 
have demnst ra ted  t h a t  the cordycepin t r imer  and tetramer 5'-monophos- 
p h a t e  analogs can bind to  RNase L equally a s  well a s  the 5 ' - t r iphos-  
phates; however, t he  5'-monophosphates can n o t  a c t i v a t e  RNase L i n  
functional assays . Our data show t h a t  the 3'-hydroxyls of 2-5A a r e  
not  c r i t i c a l  i n  binding t o  and ac t iva t ion  of RNase L ;  however, the 
5 ' - t r iphosphate  of  the cordycepin analogs of 2-5A i s  required f o r  
ac t iva t ion  of RNase L. 

T h i s  suggestion has been confirmed i n  our laboratory,  i . e . ,  we 
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