
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 27 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Nucleosides, Nucleotides and Nucleic Acids
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597286

Chemical Synthesis and Biological Activity of 2'-5'-Phosphorothioate
Tetramer Cores
R. Charubalaa; W. Pfleiderera; R. J. Suhadolnikb; R. W. Sobolb

a Fakultät für Chemie, Universität Konstanz, Konstanz, FRG b Dept. of Biochemistry, Temple
University, School of Medicine, Philadelphia, Penn, U.S.A.

To cite this Article Charubala, R. , Pfleiderer, W. , Suhadolnik, R. J. and Sobol, R. W.(1991) 'Chemical Synthesis and
Biological Activity of 2'-5'-Phosphorothioate Tetramer Cores', Nucleosides, Nucleotides and Nucleic Acids, 10: 1, 383 —
388
To link to this Article: DOI: 10.1080/07328319108046484
URL: http://dx.doi.org/10.1080/07328319108046484

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597286
http://dx.doi.org/10.1080/07328319108046484
http://www.informaworld.com/terms-and-conditions-of-access.pdf


NUCLEOSIDES & NUCLEOTIDES, lO(1-3), 383-388 (1991) 

CHEMICAL SYNTHESIS AND BIOLOGICAL ACTIVITY OF 2'-5'-PHOSPHOROTHIOATE 
TETRAMER CORES 

R. Charubalaa)*, W. Pfleiderera), R.J. Suhadolnikb) , and R.W. Sobol b) 

a) 

b) 

Fakul tat fur Chemie , Universitat Konstanz , Postfach 5560 , 
D-7750 Konstanz, FRG. 
Dept. of Biochemistry, Temple University, School of Medicine, 
Philadelphia, Penn. / U.S.A. 

Abstract. The chemical synthesis of P-thioadenylyl-(2 '-5 ' ) -P- 
thioadenylyl-(2 '-5' ) -P-thioadenylyl-( 2 '-5 I ) -adenosines was performed 
and the eight diastereomers were separated and characterized. All dia- 
stereomersbind to RNase L, seven of which also activate this enzyme, 
whereas the SpSpSp isomer turned out to be an antagonist of RNase L. 

The 2-5A synthetase/RNase L pathway is an integral part 
of the antiviral mechanism of interferon and may also be in- 
volved in the regulation of cell growth'. 2-5A (ppp5'A- 
(2'p5'A),) is synthesized from ATP by the dsRNA-dependent 
2'-5'-oligoadenylate synthetase, and exerts its biological 
effect by binding to and activating its only known target 
enzyme, the unique endoribonuclease RNase L at subnanomolar 
concentrations'. We have reported on studies directed to- 
wards the elucidation of the structural requirements for bin- 
ding to and activation of RNase L, utilising enzymatically 
and chemically synthesized 2'-5'-phosphorothioate trimers 
and tetramers3 y4. We present now the chemical syntheses , 
physical characterization, and biological activity of the 
four missing additional diastereomers of 2'-5'-phosphoro- 
thioate tetramer cores. 

of the two isomeric dimers Rp and Spy the four trimers RpRp, 
SpRp, RpSp, and SpSp5 and four of the eight possible tetra- 

2 

We successfully achieved the syntheses and separation 
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CHARUBALA ET AL. 384 

mers  RpRpRp, SpRpRp , RpSpSp, a n d  SpSpSp6 a n d  c h a r a c t e r i z e d  

t h e m  b y  c h e m i c a l  means. 

I n  o r d e r  t o  c o m p l e t e  t h e  s e r i e s  o f  t h e  e i g h t  p o s s i b l e  

d i a s t e r e o m e r i c  2 ' - 5 ' - p h o s p h o r o t h i o a t e  t e t r a m e r s  we h a v e  r e -  
c e n t l y  s y n t h e s i z e d  t h e  r e m a i n i n g  f o u r  t e t r a m e r s ,  n a m e l y  t h e  

RpRpSp, SpRpSp, RpSpRp, a n d  SpSpRp i s o m e r s  s t a r t i n g  f r o m  t h e  

f u l l y  p r o t e c t e d  RpSp a n d  SpRp p h o s p h o r o t h i o a t e  t r i m e r s ,  w h i c h  

h a v e  been  f i r s t  d e t r i t y l a t e d  a n d  t h e n  c o n d e n s e d  w i t h  N6-ben-  
zoyl-3'-0-[(tert-butyldimethyl)-silyl]-5'-O-(monomethoxytri- 
tyl)-adenosine-3'-(p-nitrophenylethyl, N , N - d i i s o p r o p y 1 ) - p h o s -  
p h o r a m i d i t e  b y  3 - n i t r o - 1 , 2 , 4 - t r i a z o l e  a c t i v a t i o n  a n d  s u b s e -  
q u e n t  o x i d a t i o n  b y  s u l f u r  t o  g i v e  t h e  d i a s t e r e o m e r i c  m i x t u r e s  
RpRpSp+SpRpSp a n d  RpSpRp+SpSpRp r e s p e c t i v e l y .  

The s e p a r a t i o n s  o f  t h e  m i x t u r e s  c a n  b e  a c h i e v e d  b y  c h r o -  

m a t o g r a p h i c a l  means t o  g i v e  y i e l d s  o f  3 0 - 5 0  % e a c h .  The f i -  

n a l  d e b l o c k i n g  o f  t h e  v a r i o u s  p r o t e c t i n g  g r o u p s  i n  t h e  f u l l y  
p r o t e c t e d  t e t r a m e r s  was p e r f o r m e d  b y  s u b s e q u e n t  t r e a t m e n t  
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with p-TsOH to remove the monomethoxytrityl group, followed 
by D B U  to cleave off the NPE groups, then with ammonia to 
deblock the benzoyl groups and finally with fluoride ion for 
desilylation. The crude products were purified by DEAE Sepha- 
dex chromatography yielding 70-80 % of each of the four tetra- 
mers. 

The structural assignments were accomplished by HPLC, 
charge separation and 31P-NMR spectra. 

The ability of these 2'-5'-phosphorothioate tetramer 
cores to compete with ~,A,(~~P)pcp for binding to RNase L 

in L929 cell extracts was compared to that of 2'-5'-p3A4 
and 2'5'-A4, i n  radiobinding assays7. As shown in FIG. 1 
there is no significant difference i n  the affinity of the 
phosphorothioate analogs to RNase L from 1929 cell extracts 
(IC50 = 2 x 10-7M). 
port that RNase L cannot distinguish between the Rp or Sp 
stereoconfiguration with respect to binding to RNase L from 
L929 cells3 or from extracts of interferon treated Hela 
cells . 

was determined by two independent methods, 1 )  by core cellu- 
lose assay (FIG. 2) i n  which RNase L from L929 cell extracts 
is immobilised and partially purified on 2-5 A4-core cellu- 
lose and utilized to hydrolyse poly (U)(32P)pCp, and 2 )  by 
rRNA cleavage assay which is based on the 2-5A-dependent ac- 
tivation of RNase L and subsequent hydrolysis of rRNA to cha- 
ractersitic specific cleavage products (SCP)g. The RpRpSp 

This is in support with our earlier re- 

4 

The activation of RNase L by these four tetramer cores 

8 
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I I 

FIG. 1 - Binding of p3As, A4 core, and 2',5'-phosphorothiate tet- 
ramer core analogs to RNase L.  2',5'-p3A4 ( O ) ,  2',5'-A4 core (o), 
RpRpSp (A), SpRpSp (m), RpSpRp W ) ,  and SpS Rp (4) were compared 
for their ability t o  compete with the probe for bin- 
ding to RNase L in L929 cell extracts in the radiobinding assay1. 

CORE -CELLU LOSE ASSAY 
r 1 I ! I I I 

0-0 2-SA 

A-A RRS 

W-W SRS 

V-v RSR 

+ 4 S R  
0-0 AAAA 

2 5A(M) 

FIG. 2 - Ability of 2',5'-phosphorothioate tetramer cores to 
activate the partially purified RNase L from L929 cell extracts 
as determined b): the hydrolysis of poly(U) [32Plp~p in the core- 
cellulose assay . Activation of RNaSe L was determined by the 
conversion o f  poly(U) [32P]pCp to acid-soluble fragments after 
incubation. One hundred percent represents 21,000 dpm of labeled 
poly(U) [32P]pCp bound to lass fiber filters. 2',5'-p3A4 ( O ) ,  
2' ,5'-Ar core (01, RpRpSp i! A),  SpRpSp (I), RpSpRp (v) ,  and 
SpSpRp (+I. 
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and SpRpSp tetramer cores will activate RNase L in both me- 
thods at a concentration o f  M .  Subsequently the RpSpRp 
and SpSpRp tetramer cores are less active and require a con- 
centration o f  M t o  activate RNase L. However, the 2'-5'- 
phosphorothioate tetramer SpSpSp as well as authentic 2-5 A4 
c o r e  a r e  completely inactive at concentrations a s  h i g h  a s  
I O - ~  M. 

These results s h o w  that the phosphorothioates with only 
Sp chirality i n  each internucleotide linkage are completely 
inactive 2-5 A analogs and will be useful as antagonists of 
2-5 A action. Recently the antagonistic properties o f  pSpSp- 
Sp were exemplified in V S V  infected HeLa cells4. T h e  comicro- 
injection o f  2-5 A and pSpSpSp analog into HeLa cells, fol- 
lowed by infection with V S V ,  completely antagonised the anti- 
viral activity o f  2-5 A. 

Additionally, the highly stable and phosphodiesterase 
resistant 2'-5'-phosphorothioates have also been shown to 
act as effective inhibitors of HIV-1 reverse transcriptase 
and HIV-1 infection . 10 
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