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PHOSPHOROTHIOATE ANALOGS OF 2-5A: ELUCIDATION OF THE STEREOCHEMICRL 
COURSE OF THE ENZYMES OF THE 2-5A SYNTHETASE / RNASE L SYSTEM 

K a t a l i n  Ka ik$,  Shu Wu Li ' ,  Robert W. Sobol, Jr.§, 
Lo r ra ine  Suhadolnik[, Nancy L. Reichenbachs, Robert J .  Suhadolnik§*, 

Ramamurthy Charubala' and Wolfgang P f le ide re r '  

'Department o f  Biochemistry, Temple U n i v e r s i t y  School o f  Medicine, 
Phi ladelph ia,  PA 19140 USA and +Fakul t$ t  f u r  Chemie, U n i v e r s i t a t  

Konstanz, D-7750 Konstanz, Germany 

Abstract  

stereochemical ly a1 te red  i n  t h e  2 ' , 5 ' - i n te rnuc leo t i de  1 inkages gave a 
se r ies  of m e t a b o l i c a l l y  s t a b l e  c h i r a l  2-5A d e r i v a t i v e s  t h a t  have been 
used t o  study the  stereochemical requirements f o r  b ind ing  t o  and 
a c t i v a t i o n  o f  RNase L. The RpRp and SpRp, bu t  n o t  t he  RpSp o r  SpSp, 
t r i m e r  c~re isomers could b i n d  t o  and a c t i v a t e  RNase L. 

Enzymatical ly and chemical ly synthesized 2-5A phosphorothioates 

Many biochemical events i n  c e l l s  are t r i g g e r e d  by i n t e r f e r o n ,  
i n c l u d i n g  i nduc t i on  o f  2-5A synthetase which produces 2 '  ,5'-1 inked 

o l igoadenylates [ 2-5A 1' upon a c t i v a t i o n  by dsRNA1'2. The on ly  known 
biochemical e f f e c t  o f  2-5A i s  a c t i v a t i o n  o f  a 2-5A dependent endoribo- 
nuclease (RNase L); t h i s  enzyme hydrolyzes mRNA and rRNA, thereby 
r e s u l t i n g  i n  an i n h i b i t i o n  of p r o t e i n  synthesis.  
RNase L system has been imp l i ca ted  i n  t h e  i n h i b i t i o n  o f  v i r u s  r e p l i c a -  
t i o n ,  r e g u l a t i o n  o f  c e l l  growth and d i f f e r e n t i a t i o n '  '2. 

modi f ied ATP analogs i n  an at tempt t o  f u r t h e r  cha rac te r i ze  t h e  2-5A 

The 2-5A synthetase / 

Numerous repo r t s  have appeared on the  use of var ious dsRNAs and 
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174 KARIKO ET AL. 

t synthetase. S i m i l a r l y ,  2-5A analogs have been used t o  desc r ibe  t h e  
r e l a t i o n s h i p  between 2-5A s t r u c t u r e  and RNase L b i n d i n g / a c t i v a t i o n  i n  
o r d e r  t o  modulate t h e  2-5A system i n  an in te r fe ron- independent  mode. 
Wi th  respec t  t o  RNase L ,  t h e  requirements f o r  b i n d i n g  and a c t i v a t i o n  
have been shown t o  be: ( i )  a t  l e a s t  one 5'-phosphate g r o u p 3 , ' ( i i )  a t  

l e a s t  t h r e e  adeny la te  o r  a d e n y l a t e - l i k e  res idues  w i t h  (iii) 2 '  , 5 ' - i n t e r -  
n u c l e o t i d e  l i nkages  . 

va t i on .  We have repo r ted  t h a t  t h e  enzymat i ca l l y  and chemica l l y  synthe- 
s i z e d  cordycep in  analogs o f  2-5A i n h i b i t  p r o t e i n  syn thes i s  i n  i n t a c t  L 
c e l l s  and a c t i v a t e  RNase L t o  c leave rRNA5'6. Epps te in  and Torrence and 
coworkers have a l s o  repo r ted  t h a t  t he  cordycep in  analogs a c t i v a t e  L c e l l  

RNase L . Our s t r a t e g y  i s  based on t h e  use o f  phosphoro th ioa te  
analogs o f  ATP t o  i n v e s t i g a t e  the  subs t ra te  s p e c i f i c i t y  of  2-5A syn- 
the tase .  Phosphorothioate analogs of ATP have p rov ided  an e x p e r i -  
mental method o f  stereochemical  a n a l y s i s  of n u c l e o p h i l i c  s u b s t i t u t i o n  
reac t i ons  a t  phosphorus ca ta l yzed  by n u c l e o t i d y l  t rans ferases ,  phos- 
photransferases, phosphohydrolases, and c e r t a i n  ATP dependent syn- 
thetases. 

4 

Numerous 2-5A analogs have been syn thes ized t o  examine RNase L a c t i -  

7 

Enzymat ica l l y  and Chemical ly syn thes ized phosphoro th ioa te  analogs 
o f  2-5A have been prepared and have served as a most i n t e r e s t i n g  species 
f o r  s tud ies  o f  t h e  r e l a t i o n s h i p  o f  2-5A s t r u c t u r e / c h i r a l i t y  t o  RNase L 
b i n d i n g  and a c t i v a t i o n .  
new i n f o r m a t i o n  on the  stereochemical  requirements f o r  r e c o g n i t i o n  

by RNase L. 

The r e s u l t s  p resented  he re  p rov ide  dramat ic  

?Abbrev ia t ions :  2-5A, 2,5-p A , 5 '-O-triphosphoryladenylyl-(2 ' - 5  ' ) -  
adenosine (n=2), 5 '-O-tri phas~horylZdenylyl - (2 ' - 5  ' ) -adeny ly l  - (2  ' -5 ' ) -  
adenosine (n=3); 2,5=A core,  adeny ly l -  (2 ' -5 ' ) -adeny ly l  - ( 2 '  -5  ' )-adeno- 
s ine ;  2,5-p A U S ,  5'-8- (Sp)-1 -P-thiotriphosphoryl-(Rp)-P-thioadenylyl- 
( 2  ' -5  ' ) -adenashe (n=27, 5 '-0- (Sp) -1 -P- th io t r i  phosphoryl  - (Rp)-P-thio- 
adenyl y l -  (2 ' - 5  ' )- (Rp )-P- t h i  oadenyl y l  - (2 ' -5 ' )-adenosine (n=3) ; Rp dimer 
core, (Rp)-P-thioadenyly l  - ( 2 '  -5 ' )-adenosine; Sp dimer core,  (Sp)-P- 
t h i  oadenyly l  - (2 '  -5 ' )-adenosine ; RpRp t r i m e r  core, (Rp ) -P- t h i o a d e n y l y l -  
( 2 ' - 5 ' ) -  (Rp) -P- th ioadeny ly l -  (2 ' -5  ')-adenosine; SpRp t r i m e r  core ,  (Sp) -  
P- th i  oadeny ly l -  (2 '  -5 '  ) -  (Rp)-P-thi  oadeny ly l  - (2  ' -5 ' )-adenosine; RpSp 
t r i m e r  core, (Rp)-P-thioadenyly l -  (2 ' -5 '  ) -  (Sp)-P-thioadenylyl-(2'-5 ' )- 
adenosine ; SpSp t r i m e r  core  * (Sp) -P- t h i  oadeny ly l  - (2 ' -5 ' ) - (Sp ) -P- t h i  o- 
adeny ly l -  ( 2 ' - 5 '  )-adenosine. 
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MATERIALS AND METHODS 
The a-phosphorothioate analogs o f  2-5A were enzymat ica l ly  synthe- 

s ized from Sp-ATPdS and i s o l a t e d  i n  y i e l d s  o f  7-10% w i t h  the  2-5A syn- 
thetase from lysed r a b b i t  r e t i c u l o c y t e s  as p rev ious l y  descr ibed f rom 

8 t h i s  l abo ra to ry  . 
diastereomeric t r i m e r  cores (RpRp, SpRp, RpSp, SpSp) were chemical ly  
synthesized (manuscript i n  preparat ion) .  
i n  monolayer c u l t u r e  and c e l l  e x t r a c t s  were prepared as descr ibed . 
S t a b i l i t y  of t he  phosphorothioate analogs of  2-5A was measured i n  

i n t e r f e r o n - t r e a t e d  L929 c e l l  e x t r a c t s  . Radiobinding assays were per-  
formed according t o  Knight e t  a1.I' w i t h  2,5-p3A4[ P]pCp o f  s p e c i f i c  
a c t i v i t y  3000 Ci/mmole. Ribosomal RNA cleavage assays were performed 
us ing the  bas ic  procedure o f  Wreschner e t  a1." 

assay was performed according t o  Silverman 

The two isomer ic  dimer cores (Rp, Sp) and the  f o u r  

Mouse L929 c e l l s  were grown 
9 

a 
32 

The co re -ce l l u lose  
12 . 

RESULTS AND DISCUSSION 

S t r u c t u r a l  p roo f  and s t a b i l i t i e s  o f  chemical ly synthesized phos- 
pho ro th ioa te  dimer and t r i m e r  cores. The chemical ly  synthesized Rp- 
and Sp-phosphorothioate dimer cores and f o u r  phosphorothioate t r i m e r  
cores (RpRp, SpRp, RpSp, SpSp) were shown t o  be chromatographical ly 
pure by HPLC, TLC and 31P-NMR. Proof  o f  s t r u c t u r e  was based on a com- 
b i n a t i o n  o f  31P-NEIR r e s u l t s  and enzymatic hydrolyses. A. Snake venom 
phosphodiesterase (SVPD). The Rp dimer core was completely hydrolyzed 
by SVPD t o  y i e l d  AMPS and adenosine as determined by HPLC and TL?; the  
Sp dimer core was n o t  a subst rate f o r  t he  enzyme. 

previous repo r t s  t h a t  SVPD hydrolyzes both the  Rp- and Sp-3,5-linkages 

( w i t h  a preference f o r  t he  hyd ro l ys i s  o f  t he  Rp l i nkage)  
have shown t h a t  SVPD hydrolyzes the Rp-2,5-phosphorothioate 1 inkage, 
bu t  n o t  t he  Sp-2,5-phosphorothioate l inkage.  

hydrolyses w i t h  SVPD were performed w i t h  t h e  four 2,5-phosphoro- 
t h i o a t e  t r i m e r  cores (TABLE 1).  
revea l i ng  an accumulation o f  Rp dimer core and AMPS i n  a molar r a t i o  
o f  1 :1 fo l lowing 30 min incubat ion (RpRp con f igu ra t i on  assigned). Iso- 
mer 2 requ i red  24 h r  f o r  complete hyd ro l ys i s  t o  Sp dimer core (SpRp 

conf igurat ion assigned). Ne i the r  isomer 3 o r  4 was a subs t ra te  f o r  
SVPD. 

I n  c o n t r a s t  t o  

we 
13-15 

Based on these r e s u l t s ,  
8 -- 

Isomer 1 was a subs t ra te  f o r  SVPD, 

Because SVPD was n o t  ab le  t o  d i s t i n g u i s h  between isomers 3 and 
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176 KARIKO ET AT-. 

TABLE 1 .  S t a b i l i t i e s  of the Chemically Synthesized Phosphorothioate 
Trimer Core Analogs of 2-5A 

Stereo- 
conf i qura t i  on 

assignedC 
Trimer 

core 
i somer SVPD L ce l l  ex t r ac t  

Hydro 1 y s i s by : 

Dimer core Half- Dimer core Half- 
i so la ted  l i f e  i so la ted  l i f e  

1 RP 1 hr RP 18  hr RPRP 
2 SP a SP 15 hr SPRP 
3 -- b RP 20 days RpSp 

b SPSP 4 -- b -- 

2,5-A3 core -- 5 min -- 10 m i n  -- 

Complete degradation in  24 hr. a 

bNo degradation detected.  
'Ass i gnmen t conf i rmed by 31 P-NMR . 

4, hydrolyses by 2'-phosphodiesterase from L c e l l  ex t r ac t s  were used t o  
ident i fy  these two diastereoisomers.  

cores by 2'-phosphodiesterase (2'-PDE) from L c e l l  ex t r ac t s  was com- 
pared w i t h  t h a t  of the two dimer and four  t r imer  phosphorothioate cores. 
2,5-A2 core i s  rapidly hydrolyzed by 2'-PDE . However, the Rp and 
Sp dimer phosphorothioate cores were not subs t ra tes  f o r  2 ' -PDE from 
1 cell ex t r ac t s  (24 hr incubat ions) .  
the Rp and Sp dimer cores ,  therefore ,  permitted the  analysis  of s tereo-  
configuration of the four  phosphorothioate trimer cores.  
of isomer 1 w i t h  L ce l l  ex t r ac t s  resul ted i n  60% hydrolysis t o  Rp dimer 
core (RpRp configuration assigned).  Hydrolysis of isomer 2 resulted in  
68% hydrolysis and the i so la t ion  of Sp dimer core (SpRp configuration 
assigned).  Isomer 3 showed 5% hydrolysis with the  accumulation of the 
Rp dimer core (RpSp configuration assigned) .  There was no hydrolysis 
of isomer 4 (SpSp configuration assigned) .  Similar  s t e r eospec i f i c i ty  
f o r  hydrolysis by phosphodiesterase has a1 so been reported u s i n g  
racemic mixtures of phosphorothioate t r imer  cores  17'18. 

B. L c e l l  ex t r ac t s .  Hydrolysis of authent ic  2,5-A2 and 2,5-A3 

16 

The res i s tance  t o  hydrolysis of 

Incubation 

Eppstein e t  
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PHOSPHOROTHIOATE ANALOGS OF 2-5A 177 

a l .17  r e p o r t e d  t h a t  these m ix tu res  had a n t i c e l l u l a r  and a n t i v i r a l  a c t i -  

v i t y .  On t h e  bas i s  o f  enzymatic hydro lyses  and c o n f i r m a t i o n  by 31P-NMR 
i t  i s  now p o s s i b l e  t o  ass ign  t h e  s t e r e o c o n f i g u r a t i o n s  o f  t h e  Rp and Sp 

dimer and t h e  RpRp, SpRp, RpSp, and SpSp phosphoro th ioa te  t r i m e r  cores 

(please r e f e r  t o  FIG. 2 f o r  t h e  HPLC separa t i on  o f  t h e  phosphoro th ioa te  
trimer cores).  

S t r u c t u r a l  p r o o f  and s t a b i l i t y  o f  t h e  enzymat i ca l l y  syn thes ized 
a-phosphorothioate analogs o f  2-5A. E a r l i e r  s t u d i e s  f rom t h i s  l abo ra -  

t o r y  r e p o r t e d  t h e  enzymatic syn thes i s  and c h a r a c t e r i z a t i o n  of t h e  
a-phosphorothioate t r i m e r  and te t ramer  analogs o f  2-5A ( i  .e., 2,5- 
p3ApS and 2,5-p3A4aS) f rom s p - [ ~ i - ~ ~ S ] A T P a s  8 (FIG. 1 ) .  Both 2,5- 

p3A3aS and 2,5-p3A4clS were shown t o  i n h i b i t  p r o t e i n  syn thes i s  i n  

i n t a c t  L c e l l s  . Wi th  t h e  f o u r  chemica l l y  syn thes ized t r i m e r  
core  phosphorothioates,  i t  i s  now p o s s i b l e  t o  f i r m l y  e s t a b l i s h  t h e  

s t e r e o c o n f i g u r a t i o n  o f  t he  2,5-phosphodiester l i nkages  i n  t h e  enzymatic-  
a l l y  syn thes ized 2,5-p3A3aS. The h y d r o l y s i s  o f  t h e  2,5-p3A3aS w i t h  

b a c t e r i a l  a l k a l i n e  phosphatase (BAP) fo l l owed  by HPLC a n a l y s i s  revea led  

t h a t  a l l  o f  t h e  35S res ided  under t h e  peak e q u i v a l e n t  t o  RpRp t r i m e r  

core  (FIG. 2) .  These r e s u l t s  unequ ivoca l l y  show t h a t  t h e  enzymatic 
syn thes i s  of  2,5-p3A3aS from Sp-ATPaS proceeds v i a  i n v e r s i o n  t o  t h e  

Rp con f igu ra t i on .  

- O - l - t h i o t r i p h o s p h o r y l  group had t h e  Sp c o n f i g u r a t i o n .  

t r i m e r  cores.  
2 e s t a b l i s h e d  as d i s c r e t e  phenomena . There fore ,  t h r e e  assays were 

employed t o  examine t h e  e f f e c t  o f  stereochemical  m o d i f i c a t i o n  on t h e  

s t r u c t u r a l  parameters o f  2-5A recogn ized by  RNase L. A. Radio- 
b i n d i n g  assay. The chemica l l y  syn thes ized phosphoro th ioa te  t r i m e r  cores 
(RpRp, SpRp, RpSp, SpSp) were a b l e  t o  d i s p l a c e  t h e  2 , 5 - ~ ~ A ~ [ ~ ~ P ] p C p  

probe from t h e  RNase L i n  mouse L929 c e l l  e x t r a c t s .  A l l  o f  t h e  f o u r  

phosphoro th ioa te  t r i m e r  cores were e q u a l l y  as p o t e n t  as 2,5-A3 core  
(FIG. 3) .  The concen t ra t i ons  o f  t h e  t r i m e r  cores t e s t e d  which were 

r e q u i r e d  f o r  50% displacement o f  probe were 2 x 
(FIG. 3 1 ,  i n  good agreement w i t h  values p r e v i o u s l y  r e p o r t e d  f o r  t h e  
2,5-A3 co re  . 
n o t  show any b i n d i n g  a c t i v i t y  up t o  

8 

SVPD h y d r o l y s i s  o f  2,5-p3A3aS revea led  t h a t  t h e  5 ' -  
8 

B i o l o g i c a l  a c t i v i t y  o f  chemica l l y  syn thes ized phosphoro th ioa te  

B ind ing  t o  and a c t i v a t i o n  of RNase L have been c l e a r l y  

t o  5 x l o e 6  M 

19 The chemica l l y  syn thes ized Rp and Sp dimer cores d i d  
M. 
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0 
HO-7-0 

0- 

4 
O O  I1 

-P - 0-P-0 
0- 6 I i 

HO OH 

FIGURE 1. 
phoroth ioate t r i m e r  analog o f  2-5A 
synthesized from Sp-ATPaS, i .e., 
5 ' -0- (Sp ) - 1 -P- t h i  o t r i  phosphoryl - (Rp) - 
P- th ioadenyly l -  (2 ' -5  ' ) -  (Rp)-P-thio- 
adenyly l -  ( 2 '  -5 '  )-adenosine. 

S t ruc tu re  o f  the a-phos- 

B. Ribosomal rRNA cleavage. The e f f e c t  of  t he  chemical ly  syn- 

thes ized phosphorothioate t r i m e r  cores on t h e  a c t i v a t i o n  o f  RNase L t o  
degrade 18s and 28s rRNA from i n t a c t  ribosomes was compared w i t h  t h a t  
of authent ic  2,5-A3 core. 
cleavage assay, was used t o  examine t h i s  e f f e c t " .  
18s and 28s rRNA by RNase L w i t h  the  phosphorothioate t r i m e r  cores 
revealed dramatic new in fo rma t ion  about the  a c t i v a t i o n  o f  RNase L. The 
RpRp and SpRp diastereomers o f  t he  phosphorothioate t r i m e r  cores are 

e f f e c t i v e  i n  the  rRNA cleavage assay a t  concentrat ions as low as 
5 x M (FIG. 4, lanes 3 and 7 ) .  I n  con t ras t ,  the RpSp and SpSp 

diastereomers d i d  no t  cause any no t i ceab le  rRNA degradation, even a t  
concentrat ions as h igh  as M (FIG. 4, lanes 4 and 8).  Authent ic  
2,5-A3 core was a l so  w i thou t  RNase L a c t i v a t i n g  a b i l i t y  (FIG. 4, lane 1 )  

as had been p rev ious l y  repor ted 

The most s p e c i f i c  f unc t i ona l  assay, t he  rRNA 
The degradat ion o f  

12 . 
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- 4  

n 

I 
-3 I 

Y 

7 

- 2  x 

0 
F 

5 
L 
0 

FIGURE 2. 
synthesized 2,5-p A aS following BAP 
hydrolysis  f o r  183h?. Elution times of 
s tandard p.&aS, A 2 ,  A , Rp dimer c o r e ,  
Sp dimer c r , and RpRa, SpRp, RpSp and 
SpSp trimer cores  a r e  ind ica t ed  by arrows. 
The dashed l ine i n d i c a t e s  the r a d i o a c t i v i t y  
f m the BAP hydrolysis  product of 2,5- 

the grad?ent used. HPLC condi t ions : 
r eve r se  phase chromatography, Waters C18 
VBondapak a n a l y t i c a l  column using an 
i s o c r a t i c  g rad ien t :  so lven t  A :  50 mM 
ammonium phosphate, pH 7 .0 ;  so lven t  B:  
methanol :water (1 : l)(t=O-20 m i n ,  30%B) 
followed by a l i n e a r  g rad ien t  ( t=20 m i n ,  
30%B; t=50 m i n ,  40%B), flow r a t e  = 1 ml/ 
min. 

HPLC a n a l y s i s  o f  enzymatical ly  

58 S]p A as. The do t t ed  l i n e  i n d i c a t e s  
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1 2 3 4 5 6 7 8  

FIGURE 4. rRNA cleavage assay of 
phosphorothioate t r imer  core analogs 
of 2-5A. L929 ce l l  ex t r ac t s  were 
incubated in  the presence of authen- 
t i c  2,5-A core a t  10-4 M (1) or 
phosphorojhioate t r imer  cores a t  t he  
fo l  owing concentrat ions:  RpRp, 

M (5); SpRp, 
10 M (6) and 5 x 10 M (l); SpSp, 
10- M (g). The posi t ions of 28s 
and 18s r R N A  a re  shown; the arrows 
indica te  the posi t ions of the  well- 
character ized spec i f i c  cleavage 
products (SCP) of  RNase L .  

101, !! M (2) and 5 x 10-56 M ( 3 ) ;  RpSp, 
M (5) and 1 x 

C. Degradation of p~lyU[~'P]pCp. Enzymatically synthesized 
a-phosphorothioate analogs of 2 ,5-p3A3 and 2,5-p3A4 were compared 
w i t h  au thent ic  2,5-p3A4 i n  t h e i r  a b i l i t i e s  t o  ac t iva t e  RNase L u s i n g  
a recent ly  developed method based on the immobilization and p a r t i a l  
pur i f ica t ion  of the RNase L on core ce l lu lose  In t h i s  technique, 
the hydrolysis of polyU[ P]pCp t o  acid-soluble fragments a f t e r  
incubation with various 2-5A analogs can be quan t i t a t ive ly  measured. 
The enzymatically synthesized a-phosphorothioate analogs,  2,5- 

p3A3aS and 2,5-pg4aS,  a re  able  t o  ac t iva t e  the  pu r i f i ed  RNase L 
as well as does au thent ic  2,5-p3A4 (FIG. 5 ) .  

O u r  s t ra tegy  t o  c rea te  stereochemical ly  modified 2-5A analogs 
has proven successful .  The chemically synthesized diastereomers of 
the phosphorothioate trimer cores, w i t h  the same chemical s t r u c t u r e  

12 . 
32 
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01 I I I 
10-10 10-0 10-8 1 0 - 7  

2-5A  or A n a l o g  (MI  

FIGURE 5. Core c e l l u l o s e  assay o f  t h e  e n z y m a t i c a l l y  syn thes ized a- 
phosphoro th ioa te  analogs o f  2-5A. 
formed us ing  t h e  RNase L from L929 c e l l  e x t r a c t s  as desc r ibe  
A c t i v a t i o n  o f  RNase L was determined by convers ion  o f  polyU&PjpCp 
t o  a c i d - s o l u b l e  fragments a f t e r  i ncuba t ion .  100% represents  15,000 
cpm o f  l abe led  polyU[32P]pCp bound t o  g lass  f i b e r  f i l t e r s  i n  t h e  
absence o f  added 2-5A. 

The c o r e - c e l l u l o s e  assay wf$  pe r -  

b u t  d i f f e r e n t  s t e r e o c o n f i g u r a t i o n s ,  show markedly inc reased s t a -  

b i l i t y ,  which i s  e s s e n t i a l  i n  t h e  des ign  of  2-5A analogs. 
chemical m o d i f i c a t i o n  of  t h e  2,5-phosphodiester l i n k a g e  changed t h e  
s t a b i l i t y  o f  t h e  isomers towards SVPD and 2'-PDE (TABLE l), b u t  d i d  
n o t  a f f e c t  t h e i r  b i n d i n g  a f f i n i t y  f o r  RNase L (FIG. 3).  However, 
t h e  i n t r o d u c t i o n  of  c h i r a l i t y  i n t o  t h e  i n t e r n u c l e o t i d e  l i n k a g e s  
confer red  new p r o p e r t i e s  on t h e  2,5-A3 co re  molecu le .  The RpRp 
and SpRp stereomers of  t h e  phosphoro th ioa te  t r i m e r  cores a re  a b l e  
t o  a c t i v a t e  t h e  RNase L t o  c leave 28s and 18s rRNA i n  rRNA cleavage 

assays (FIG. 4, lanes 3,7) a t  5 x 
32 f o r  50% displacement o f  2,5-p3A4[ P]pCp i n  t h e  r a d i o b i n d i n g  assay 

(FIG. 3 ) ) .  
even a t  concent ra t ions  as h i g h  as 
s u f f i c i e n t  t o  rep lace  100% o f  t h e  2,5-p3A4[ 
(FIG. 3 ) ) .  

S tereo-  

M ( t h e  same concen t ra t i on  needed 

The RpSp and SpSp t r i m e r  cores  f a i l e d  t o  a c t i v a t e  RNase L 
M ( t h e  concen t ra t i on  which was 

Our r e s u l t s  a l s o  suggest t h a t  b i n d i n g  of  t he  2-5A molecu le  

32 PIpCp i n  t h e  b i n d i n g  assay 
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t o  the  a l l o s t e r i c  s i t e  o f  RNase L i s  fo l lowed by a conformat ional  
change i n  the enzyme? Because we now have synthesized phosphoro- 
t h i o a t e  t r i m e r  cores w i t h  d i f f e r e n t  s tereoconf igurat ions i n  the  2,5- 
phosphodiester l inkages, we propose t h a t  i n  the case o f  t he  RpRp 
and SpRp stereomers the stereochemical m o d i f i c a t i o n  f a c i l i t a t e d  t h e  
conformational change i n  RNase L t h a t  i s  requi red f o r  i t s  a c t i v a t i o n ,  

whereas i n  the case o f  the RpSp and SpSp stereomers, t he  conformational 
change was hindered. 

We have demonstrated t h a t  the enzymat ica l ly  synthesized phos- 
phoroth ioate analogs, 2,5-p,AqcrS and 2,5-p3A4aS, b i n d  t o  (no t  shown) 
and a c t i v a t e  (FIG. 5) RNase L as we l l  as the  au then t i c  2,5-p3A4. The 
enzymat ica l ly  synthesized 2,5-phosphorothioates w i t h  the  repo r ted  
c h i r a l i t y  i n  t h e  phosphodiester backbone and i n  t h e  pyrophosphoryl 
group (FIG. 1) gave opt imal recogn i t i on  and a c t i v a t i o n  o f  RNase L. 

Because 2,5-phosphorothioates con ta in ing  the  Sp c o n f i g u r a t i o n  can 
n o t  be synthesized enzymatical ly,  we have chemical ly synthesized and f u l l y  
character ized t h e  2,5-phosphorothioate dimer and t r i m e r  cores and t h e i r  
5'-monophosphates (manuscript i n  preparat ion) .  
these 2,5-phosphorothioate t r i m e r  cores and t h e i r  5'-monophosphates reveal  
marked d i f f e rences  i n  t h e i r  b ind ing t o  and a c t i v a t i o n  o f  RNase L (manu- 
s c r i p t  i n  preparat ion) .  
f u r t h e r  e l u c i d a t e  t h e  e f f e c t s  o f  i n t roduc ing  c h i r a l i t y ,  poss ib le  confor-  
mat ional  changes i n  the  2-5A molecule and/or RNase L as we l l  as d i f ference:  
i n  charge d i s t r i b u t i o n  and charge dens i t y  r e s u l t i n g  from t h e  P-0 
and P-S groups which could r e s u l t  i n  changes i n  the  hydrophobic character  
o f  t h e  2-5A oligomer. 

P re l im ina ry  s tud ies  w i t h  

The 2,5-phosphorothioates have been used t o  
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