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NUCLEOSIDES AND NUCLEOTIDES , 2 ( 4 ) ,  351-366 (1983) 

2 '  ,5'-ADENYLATE AND CORDYCEPIN TRIMER CORES: METABOLIC STABILITY AND 
EVIDENCE FOR ANTIMITOGENESIS WITHOUT 5'-REPHOSPHORYLATION 

Robert  J.  Suhadolnik**, Paul W. Doetsch*, Y a i r  Devash*, E a r l  E. 
HendersonS, Ramamurthy Charubalaq, and Wolfgang P f l e i d e r e r s  

Departments o f  *Biochemistry and §Mic rob io logy  and Immunology and t h e  
Fe ls  Research I n s t i t u t e ,  Temple U n i v e r s i t y  School o f  Medicine, P h i l a -  

de lph ia  PA 19140 USA and TFacu l ta t  fiir Chemie, U n i v e r s i t a t  Konstanz, 
Pos t fach  C-7750 Konstanz, Federal  Republ ic of Germany 

Abs t rac t  

DNA and p r o t e i n  syn thes i s  i n  human umbi 1 i c a l  cord  lymphocytes, lympho- 
b l a s t s ,  p e r i p h e r a l  b lood  lymphocytes and Epste in -Bar r  v i r u s  i n f e c t e d  
lymphocytes and t h e i r  metabol ism i n  t i s s u e  c u l t u r e  medium have been 
s tud ied .  [32P]Adenylate and [32P]- and [3H]cordycepin t r i m e r  cores 
were syn thes ized e i t h e r  enzymat i ca l l y  o r  chemica l l y  and added t o  c e l l s  
i n  c u l t u r e .  The h a l f - l i v e s  o f  t h e  2',5'-A core  and 2 ' , 5 ' -3 'dA  co re  
i n  t i s s u e  c u l t u r e  were 3 and 17 h r ,  r e s p e c k v e l y .  
a n a l y s i s  o f  t h e  TCA- o l u b l e  e x t r a c t s  o f  t h e  lymphoc es and lymphoblasts 

as AMP, ADP ATP and i n o r g a n i c  phosphate. 
2 '  ,5 ' -p A [32P]pCp r a d i o b i n d i n g  assay, 2 '  ,5'-A 
T A sup$r!a n t s ;  however, t h e r e  was no 5 ' - rep8osphory la t i on .  

a c t i v i t y  was i n  t h e  TCA s o l u b l e  e x t r a c t s .  Al though t h e r e  was no 5 ' -  
rephosphory la t ion  as determined by r a d i o b i n d i n g  assay, t h e  i n t a c t  cor -  
dycepin t r i m e r  core  was de tec ted  by t l c ,  r a d i o b i n d i n g  assay, and HPLC. 
Furthermore, i n  two experiments, t h e  concen t ra t i on  o f  t h e  cordycep in  tri- 
mer core  bound t o  o r  taken up by t h e  lymphocytes was t h r e e - f o l d  g r e a t e r  
than t h e  concen t ra t i on  i n  the  medium. 
were b o t h  an t im i togen ic ,  b u t  d i d  n o t  i n h i b i t  p r o t e i n  syn thes i s .  

The e f f e c t  o f  t h e  2 ' .5 ' -adeny la te  and cordycep in  t r i m e r  cores  on 

ChromatograpJic 

t r e a t e d  w i t h  2 '  ,5'- [  5 H]A3 showed t h a t  0.25% o f  t h e  35 P was i d e n t i f i e d  

[ s H I -  and [ 9 Plcordycep in  t r i m e r  core,  0.55% and 1.3% o f  t h e  r a d i o -  

By t h e  more s e n s i t i v e  
was de tec ted  i n  t h e  

Wi th  t h e  

2 '  ,5'-A3 and 2 '  ,5 ' -3 'dA3 cores  

2 '  ,5'-An synthetase, found i n  l y s a t e s  o f  r a b b i t  r e t i c u l o c y t e s  and 

i n t e r f e r o n - t r e a t e d  c e l l s ,  produces 2 '  , 5 ' -o l i goadeny la tes  f rom ATP i n  
the  presence o f  dsRNAlY2. 

2 '  , 5 ' -o l i goadeny la tes  a r e  impor tan t  i n  t h e  mechanism o f  a n t i v i r a l  a c t i o n  

There is s t r o n g  evidence suggest ing  t h a t  t h e  

35 1 
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352 SUHADOLNIK ET AL. 

o f  i n t e r f e r o n .  
dependent endor ibonuclease (RNase L) i n  mammalian c e l l s .  

p3An [ the  5 ' - t r i phospha te  3 b inds  t o  t h e  2',5'-A, dependent endo- 
nuclease, mRNA i s  hydro lyzed which then i n h i b i t s  p r o t e i n  syn thes i s .  
Because 2 '  ,5'-p3An i s  r a p i d l y  hydro lyzed by 2 '  ,5 ' -phosphodiesterase, 
t h e  i n h i b i t i o n  o f  p r o t e i n  syn thes i s  i s  t r a n s i e n t .  
coworkers have r e p o r t e d  t h a t  t he re  a r e  s u b s t a n t i  a1 concen t ra t i ons  o f  

3 2 '  ,5'-A, core  i n  i n t e r f e r o n - t r e a t e d  mouse L c e l l s  . They suggested 

t h a t  t h e  2' ,5 ' -adeny la te  cores may p l a y  an i m p o r t a n t  r o l e  i n  DNA syn- 
t h e s i s  and c e l l  growth. 

A s t r u c t u r a l l y  m o d i f i e d  2',5'-p3A, t h a t  would i n h i b i t  p r o t e i n  syn- 
t h e s i s  and y e t  be r e s i s t a n t  t o  h y d r o l y s i s  by 2 '  ,5 ' -phosphodiesterase 
would be a u s e f u l  a n a l y t i c a l  probe. There have been r e p o r t s  on t h e  
enzymatic and chemical syn thes i s  o f  2 '  ,5'-p3An analogs and 2 '  ,5'-A, 
core  analogs, t h e i r  inc reased metabo l i c  s t a b i l i t y ,  i n h i b i t i o n  of c e l l  
growth, i n h i b i t i o n  o f  p r o t e i n  syn thes i s ,  a c t i v a t i o n  o f  t he  2 '  ,5'-An 
dependent endonuclease, i n h i b i t i o n  o f  v a c c i n i a  and tobacco mosaic v i r u s  
i n f e c t i o n ,  i n h i b i t i o n  o f  reverse  t r a n s c r i p t a s e ,  i n h i b i t i o n  o f  Epstein- 
B a r r  v i r u s  (EBV-induced t r a n s f o r m a t i o n  o f  lymphocytes, and augmentation 
o f  n a t u r a l  k i l l e r  (NK) c e l l  a c t i v i t y 4 - 1 7 .  
t he  2',5'-A, core and core  analogs a r e  e i t h e r  taken up i n t a c t 1 3 ,  rephos- 
pho ry la ted  a t  t he  5 ' -hyd roxy l  
f e r e n t  f rom t h a t  o f  2 '  ,5'-p3An 

bond f o l l o w i n g  t h e  a d d i t i o n  o f  [ Hlcordycep in  t o  H. Ep. #1 c e l l s  i n  

c u l t u r e  . More r e c e n t l y ,  we demonstrated t h a t  t h e  cordycep in  t r i m e r  
core, which i s  m e t a b o l i c a l l y  more s t a b l e  than t h e  n a t u r a l l y  o c c u r r i n g  
2',5'-A, core2', i n h i b i t s  HSV r e p l i c a t i o n  14'15, i n h i b i t s  t h e  t r a n s f o r -  
mat ion  of EBV-infected lymphocytes w i t h o u t  p r i o r  t rea tmen t  o f  t h e  c e l l s  

(e.g., ca l c ium phosphate c o p r e c i p i t a t i o n  o r  p e r m e a b i l i z a t i o n )  
ments NK c e l l  a c t i v i t y 2 1 ,  i n h i b i t s  t h e  f o r m a t i o n  o f  t h e  EBV-associated 
nuclean antigen18, i n h i b i t s  t h e  r e p l i c a t i o n  o f  tobacco mosaic v i r u s  i n  
tobacco p lan ts22,  and i n h i b i t s  tumor growth i n  animals23. 
t h e  5 ' - t r i phospha te  te t ramer  [ 2' ,5 ' -p33'dA ] has been shown t o  i n -  
h i b i t  p r o t e i n  syn thes i s  by  61% a t  6.7 x M i n  l y s a t e s  f rom r a b b i t  
r e t i c u l o c y t e s ,  t o  b i n d  t o  and a c t i v a t e  t h e  2 '  ,5'-A, dependent endo- 
nuclease, t o  hydro lyze  v i r u s  mRNA24 and 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  and human f i b r o b l a s t s  . I n  view o f  t h e  broad b i o -  

The 2 '  $5 ' -o l i goadeny la tes  a c t i v a t e  a l a t e n t  2 '  ,5'-An 
When 2 '  ,5'-  

Furthermore, Ker r  and 

I t  has been suggested t h a t  

o r  u t i l i z e  a mechanism d i f -  
6,8,14,18 

I n  1965, we repo r ted  on t h e  i s o l a t i o n  o f  t h e  2 '  ,5 ' -phosphodiester 
3 

19 

14 , aug- 

I n  a d d i t i o n ,  

25 
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2',5'-ADENYLATE AND CORDYCEPIN TRIMER CORES 353 

logical act ivi ty  exhibited by the 2 '  ,5'-oligonucleotide cores and 
analogs, i t  was c r i t i c a l  t o  determine i f  the core molecules were 
affecting ce l lu l a r  reactions by a mechanism related t o  or independent 
o f  interferon. I n  the present investigation, 2',5'-[ P]A3 core and 
2 '  ,5 '-[  P]3'dA3 core were synthesized enzymatically and chemically 
and added t o  lymphocytes and lymphoblasts t o  determine i f  ( i )  the 2 ' , 5 ' -  
adenylate cores are taken up by ce l l s ,  ( i i )  i f  they demonstrate dif-  
ferences i n  metabolic s t a b i l i t y ,  ( i i i )  i f  there is rephosphorylation 
of the 5'-hydroxyl group, ( i v )  i f  the nucleotides are recovered in the 
TCA soluble cytoplasmic pool, and ( v )  i f  the cores affect  DNA and 
pro t e  i n syn t hes i s . 

32 
32 

MATERIALS AND METHODS 
Enzymatic and chemical synthesis of 2 '  ,5'-A, core and 2 '  ,5'-3'dA3 core. 2',5'-[32P]p A , 2 '  ,5'-[3H]p3An and 2 '  ,5':[ 32 P]p33'dAn were 

synthesized from [CX;~'P]ATP (410 Ci/mnole; 500 V C i ) ,  [8-3H]ATP 
(22 Ci/mnole; 500 pCi), and [ c x - ~ ~ P ] ~ ' ~ A T P  (3000 Ci/mmole, 1 m C i )  w i t h  
600 nmoles of unlabeled ATP o r  3'dATP and lysates from rabbit reticulo- 
~ y t e s * ~ .  The isolation of the 5'-triphosphate trimers, 2 '  ,5'-p3A3 and 
2 I ,5 - p33 ' dA3, was accomp 1 i shed by DEAE cell  ul ose chromatography , 

24 dialysis and isolation of the nucleotides with a charge of minus 6 . 
The [ P]oligonucleotides were digested w i t h  bacterial alkaline phos- 
phatase ( B A P ) ,  snake venom phosphodiesterase (SVPD),  and T2 RNase 
followed by cellulose t l c  (solvent A ) ,  and  autoradiography (Fig. 1 ) .  
BAP digestion and isolation of the 2',5'-A3 core and 2',5'-3'dA3 core 
from reticulocyte lysates was accomplished by co-chromatography w i t h  
chemically synthesized nucleotides. 
resided i n  the regions of t he i r  respective core trimer nucleotides. 
Additionally, alkaline hydrolysis was performed on the 2 '  ,5'-An core 
followed by t l c  i n  solvent A. 
ment w i t h  the alkaline hydrolysis reported by Lengyel and coworkers 

27 The chemical synthesis of 2',5'-3'dA3 core was as described . 
Addition of 2 '  ,5'-[32P]A, core t o  lymphocytes and lymphoblasts. 

The isolation and maintenance of human umbilical cord lymphocytes ( H U C L )  
and peripheral blood lymphocytes ( P B L )  i n  a viable s ta te  throughout the 
period of the experiments were as describedll. Four ml of HUCL (2 x lo6 
cells/ml, 80% viable as determined by Trypan blue exclusion) or C85-5C 
lymphoblasts (6  x lo5 cells/ml, 99% viable) were added t o  s t e r i l i zed  

32 

All 32P i n  b o t h  nucleotides 

The products of hydrolysis were i n  agree- 
26 . 
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354 SUHADOLNIK ET AL. 

* 

1 2 3 4 5 6 7 8 9  
Q e 

FIGURE 1. Ce l l u lose  t h i n  l a y e r  chromatography ( s o l v e n t  A) o f  2 ' , 5 ' -  
L32P]p A and 2',5'-[32P]p 3 'dA enzyme d i g e s t s  (autoradiogram . Lane 

and a u t h e n t i c  23,!'-p A3. Lane 3: BAP d?g& o f  2 ' ,5 ' -  j2P]p A add 
a u t h e n t i c  2 ' ,5 ' -A3 co?e. Lane 4: BAP d i g e s t  o f  2',5'-[52P]p 3'rdA and 
a u t h e n t i  2' ,5'-A3 core  and 2 ' ,5 ' -3 'dA core. 
2',5'-[35P]p A and a u t h e n t i c  AMP. Lade 6 :  SVPD d i g e s t  o f  2',5'-I;38P]- 
p33'dA and h e h e n t i c  3'dAMP. Lane 7: T2 RNase d i g e s t  o f  2',5'-[ 2P]- 
p3An aRd a u t h e n t i c  2 ' , 5 ' -p  A Lane 8: T2 RNase d i g e s t  of 2',5'-[32P]- 
p 3'dA and a u t h e n t i c  2',5'-3'A Lane 9: [32P] inorganic phosphate 
s3andaPd. 
ponding t o  t h e  s tandard  when the  c h r  atogram was v i s u a l i z e d  under s h o r t  
wave uv l i g h t .  

1:  2',3'![32P]p A and a u t i e n t i e  2 ' ,5 ' -p  A Lane 2: 2 '  '-E3 h P]p 3 'dA3  

Lane 5: SVPD h g e s e  f 

The d o t t e d  c i  r c l e s 3 i & i c a t e  areas o f  uv absorbance cor res-  

Dark areas i n d i c a t e  j Y P .  

g lass  tubes (13 x 100 mm) and 2',5'-[32P]A3 c o r e  ( 7  V C i ,  25 PM f i n a l  
concen t ra t i on )  was added. Incuba t ions  were done i n  a 5% C02- in -a i r  
i ncuba to r  a t  37°C f o r  12 hr. 
m o d i f i c a t i o n  of t h e  method f o r  c e l l - a s s o c i a t e d  o l i g o n u c l e o t i d e s  of  
Kn igh t  e t  a1.28 C e l l s  were c e n t r i f u g e d  a t  300 x g, 10 min, 25°C and 
washed t h r e e  t imes w i th  Hanks' b u f f e r .  C e l l s  were l y s e d  w i t h  0.5% 

The cells were then washed and l y s e d  by a 
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2',5'-ADENYLATE AND CORDYCEPIN TRIMER CORES 355 

Nonidet P-40 c o n t a i n i n g  90 mM KC1, 1.5 mM M ~ ( O A C ) ~  and 10 mM HEPESeKOH 
(pH 7.5) a t  O"C, 200 p1  t o t a l  volume. 
0°C) was added 5 min. a f t e r  l y s i s  t o  a f i n a l  concen t ra t i on  of 5% and 
t h e  m i x t u r e  was c e n t r i f u g e d  (800 x g, 20 min, 25°C). 
were e x t r a c t e d  w i t h  e t h e r  t o  remove t h e  TCA and evaporated t o  dryness 
under a stream o f  a i r .  
added. A 10 u1 a l i q u o t  was a p p l i e d  t o  a P E I  c e l l u l o s e  t l c  (Brinkman, 
w i t h o u t  f l u o r e s c e n t  i n d i c a t o r )  and developed i n  s o l v e n t  B. 
chromatograms were d r i e d  and sub jec ted  t o  au torad iography  f o r  4 days. 
I n  a d d i t i o n ,  separa t i on  o f  nuc leo t i des  was accomplished by DEAE c e l -  

20 l u l o s e  column chromatography . 
A d d i t i o n  o f  2',5'-[32P]3'dA, core  t o  C85-5C lymphoblasts.  

[32P]3'dA3 core  (0.35 uCi; 25 pMj was added t o  C85-5C lymphoblasts 
( 4  m l  a t  7 x 10 c e l l s / m l )  and incubated  6 hr, 37OC. P repara t i on  o f  
t h e  TCA-soluble cy top lasmic  e x t r a c t  was as descr ibed above. 

Degradat ion o f  2',5'-[3H]p3A, i n  t h e  presence o f  2 ' ,5 ' -core  o l i e o -  
nuc leo t ides .  
presence o f  i n c r e a s i n g  concent ra t ions  o f  e i t h e r  2 '  ,5'-A3 core  of  2 '  ,5'-  
3'dA3 core. 
t r a c t ,  1 pM 21,5'-[3H]p3An, 2.5 mM M ~ ( O A C ) ~ ,  120 mM KC1, 1 mM DTT, 
20 mM HEPESeKOH (pH 7.5), i n  a volume o f  30 p l .  Core 2 ' , 5 ' -0 l i go -  
nuc leo t i des  were added t o  t h e  i ncuba t ions  a t  f i n a l  concen t ra t i ons  of 
0-200 uM. Samples were i ncuba ted  10 min, 3OoC, heated t o  95OC f o r  
3 min, and processed as descr ibed p r e v i o u s l y  
[3H]p3An n o t  hydro lyzed enzymat i ca l l y  was determined by  DEAE c e l l u l o s e  

20 chromatography as descr ibed . 
S t a b i l i t y  of o l i g o n u c l e o t i d e s  i n  lymphocyte medium. 

course of  i ncuba t ions  o f  PBL (2  x l o 6  c e l l s / m l ,  0.13 m i )  w i t h  2 ' , 5 ' -  
[32P]A3 core  (0.025 pCi, 25 fl), 10 p1 samples o f  medium were w i  thdrawnl 
a t  0, 0.5, 3, 6, and 17 h r ,  a p p l i e d  t o  a c e l l u l o s e  t l c  and chromato- 
graphed w i t h  the  approp r ia te  standards i n  s o l v e n t  A. 
developed chromatogram were c u t  i n t o  1 cm p ieces  and assayed f o r  
r a d i o a c t i v i t y  i n  5 m l  o f  non-aqueous s c i n t i l l a t i o n  s o l u t i o n .  A s i m i -  
l a r  exper iment was performed w i t h  2 '  ,5'-[ P]3'dA3 core.  

E f f e c t  o f  2',5'-A, core  and t h e  2',5'-3'dA, core  on DNA syn thes i s .  
HUCL ( 2  x 10 c e l l s / i l ,  1 m l ) ,  C85-5C 1ymphob;asts (7  x l o 5  c e l l s / m l ,  
1 m l )  o r  EBV-infected HUCL ( 1  x 10 c e l l s / m l ,  1 ml) were t r e a t e d  w i t h  
e i t h e r  2 ' ,5 ' -A3 o r  2 ' ,5 ' -3 'dA3 core  (25 pM f i n a l  concen t ra t i on  i n  

T r i c h l o r o a c e t i c  a c i d  (TCA) (40%, 

The supernatan ts  

Twenty m i c r o l i t e r s  o f  g lass  d i s t i l l e d  wa te r  was 

The 

2 '  ,5'-  

5 

3 The h y d r o l y s i s  o f  2 ' , 5 ' - [  H]p3An was assayed i n  t h e  

Incuba t ion  m ix tu res  conta ined 0.3 p a r t s  o f  HeLa c e l l  ex- 

20 . The amount o f  2 '  ,5 ' -  

Dur ing  t h e  

The lanes  o f  t h e  
2 

32 

6 
6 
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356 SUHADOLNIK ET AL. 

medium) and incubated a t  37°C. 
[3H]thymidine (6.7 Ci/mnole) for 1 hr, 37°C. 

3 14 fo r  incorporation of [ HJthymidine as described previously . 

described . 2 '  ,5'-p3A4[ P]pCp was purchased from Amersham. 

l iqu id  chromatography ( H P L C ) .  
micro-Bondapak c18 column, two 6000A pulmpsy a solvent  programmer (model 
660), a U6K in j ec to r ,  and a fixed wavelength (254 nm) spectrophoto- 
metric detector (Waters Associates) linked t o  a dual-pen recorder 
(LKB, model 2210) and  in tegra tor  (Hewlett Packard, model 3390A); solvent  
A:  50 mM amnonium phosphate,  pH 6.0; solvent  6: methanol:H20, 1/1,  
v / v  . Linear gradient:  20% t o  40% solvent  B in  22.5 m i n ;  flow r a t e  = 

1 rnl/min. Retention times of 3'dATP, 3'dAMP, 3'-deoxyinosine, 3 ' -  

deoxyadenosine (cordycepin) and 2 '  ,5'-3'dA3 core were: 3.5,  5.5, 8.8, 
14.2 and 18.8 minutes, respect ively.  

Duplicate tubes were pulsed with 10 uCi 
The c e l l s  were processed 

Radiobinding assays.  

Analysis of 2 '  ,5'-3'dA, and r e l a t ed  nucleotides by high performance 

Radiobinding assays were performed as 
28 32 

d 

The HPLC system was comprised o f  a 

RESULTS 

S t a b i l i t y  of 2 '  ,5'-[32P]A, core and 2 '  y5'-[32P]3'dA, core in  lym- 
phocyte medium. 
[32P]A3 o r  2 ' , 5 ' - [  P]3'dA3 cores (25 pM) t o  cu l ture  medium, samples 
were removed, applidd t o  ce l lu lose  t l c  (solvent  A )  with marker 2 ' , 5 ' -  
A3 core, 2 '  ,5'-3'dA3 core,  AMP, 3'dAMP and inorganic phosphate (adja-  
cent lane)  and analyzed f o r  32P in the regions equivalent t o :  
inorganic phosphate ( R f  0.28),  AMP ( R f  0.54),  3'dAMP ( R f  0 .65) ,  2 ' , 5 ' -  
A3 core ( R f  0.63),  and 2' ,5 '-3 'dA3 core ( R f  0.79). Degradation of 

32 32 2 '  ,5 ' - [  P]A3 core and 2 '  ,5 ' - [  P]3'dA3 core was calculated as the 
decrease in rad ioac t iv i ty  co-chromatographing w i t h  authent ic  markers 
as  a percentage of the to t a l  rad ioac t iv i ty  compared t o  the zero time 
point.  
i s  approximately 3 hr. 
[32P]3'dA3 core i s  about  17 hr ( F i g .  2 ) .  

b l a s t s ,  and EBV-infected HUCL. Because of the observed inh ib i t ion  of 
transformation of EBV-infected lymphocytes by 2 '  ,5'-A3 core and 2 '  , 5 ' -  
3'dA3 core14, the poss ib i l i t y  t h a t  the  2',5'-A3 cores might be i n t e r -  

A t  0-17 hr following the addi t ion of the  2 ' , 5 ' -  
32 

The h a l f - l i f e  of 25 pM 2',5'-[32P]A3 core i n  the  cu l tu re  medium 
In contrast ,  the h a l f - l i f e  of 25 pM 2 '  ,5 ' -  

nalized and rephosphorylated a t  the 5'-hydroxyl groups was invest igated.  
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A 

ulnae 
c -  ._ 

0 5 10 15 20 

I ncuba t ion  Time ( h r )  

FIGURE 2. S t a b i l i t y  of 2 ' , 5 ' - [  32 P]A3 core  and 2 ' , 5 ' - [  32 P]3'dA3 co re  i n  
lymphocyte medium. The s t a b i l i t y  of 2',5'-[32P]A3 co re  (25 pM, 0-0) 
and 2',5'-[32P]3'dA core  (25 uM, 0-0) i n  lymphocyte medium was 
determined by c e l l u l o s e  t l c  ( s o l v e n t  A) of  samples wi thdrawn f rom t h e  
medium a t  t imes i n d i c a t e d .  

32 When 2 ' , 5 ' - [  P]A3 core  (7  uCi, 25 uM) was added t o  medium c o n t a i n i n g  
lymphoblasts and incubated  f o r  12 h r  a t  37"C, 38,000 dpm (0.25%) were 
i n  t h e  TCA-sdluble cy top lasmic  e x t r a c t .  

c e l l - f r e e  e x t r a c t  (9000 dpm) was a p p l i e d  t o  a DEAE-cel lulose column 

and e l u t e d  w i t h  a l i n e a r  50-150 mM NaC1/5O mM Tr is /HCl  g r a d i e n t  i n  

7 M urea, no r a d i o a c t i v i t y  was de tec ted  i n  t h e  f r a c t i o n s  e q u i v a l e n t  
t o  2',5'-p3A3 (charge -6 ) (F ig .  3 ) .  Chromatography of an a l i q u o t  o f  
t h e  C85-5C lymphoblast  c e l l - f r e e  e x t r a c t s  (9000 dpm) on P E I  c e l l u l o s e  

t l c  ( s o l v e n t  B )  revea led  fou r  d i s t i n c t  r a d i o a c t i v e  reg ions  w i t h  Rf 
values o f  0.41, 0.50, 0.60, and 0.71 f o r  ATP, ADP, AMP, and i n o r g a n i c  

phosphate. 
was t r e a t e d  w i t h  BAP, f o l l o w e d  by c e l l u l o s e  t l c  ( s o l v e n t  A), t h e r e  
was no  r a d i o a c t i v i t y  i n  t h e  r e g i o n  e q u i v a l e n t  t o  2',5'-A3 core  (Rf  
0.71). A l l  of t h e  32P was de tec ted  as i n o r g a n i c  phosphate (R f  0.33). 

These r e s u l t s  show t h a t  t h e  o n l y  32P-labeled compounds de tec ted  i n  
the  c e l l - f r e e  e x t r a c t s  a re  ATP, ADP, AMP and i n o r g a n i c  phosphate. The 

same r e s u l t s  were ob ta ined  f o l l o w i n g  t h e  a d d i t i o n  o f  2 '  , 5 ' - [  P]A3 
core  t o  un in fec ted  HUCL (da ta  n o t  shown). 

32 HUCL were i n f e c t e d  w i t h  EBV14. 2 ' , 5 ' - [  P]A3 core  was added s imu l -  

When an a l i q u o t  of l ymphob las t  

When a 10 p1 a l i q u o t  of t h e  c e l l - f r e e  e x t r a c t  (9000 dpm) 

32 

I n  a separa te  exper iment,  
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FIGURE 3. 
b l a s t s  12 h r  a f t e r  t rea tmen t  w i t h  2',5'-f2P]A3 core.  The cy to -  
p lasmic  TCA-soluble e x t r a c t  f rom 2 '  ,5 ' - [  2P]A3 c o r e - t r e a t e d  C85-5C 
lymphoblasts (9000 dpm) was a p l i e d  t o  a DEAE c e l l u l o s e  column 

a 50-150 mM l i n e a r  g r a d i e n t  o f  NaCl (40 m1/40 m l ) ,  50 mM Tris-HC1 
(pH 8.0) i n  7 M urea; f l o w  r a t e  4 ml /h r ;  1 m l  f r a c t i o n s .  
i n d i c a t e  displacement o f  charge arkers .  I n o r g a n i c  phosphate was 
l o c a t e d  by t h e  displacement o f  [r52P]inorganic phosphate i n  a separa te  
experiment. 

Chromatography o f  c e l l - f r e e  ex r a c t s  f rom C85-5C lympho- 

(Whatman DE-52, 0.5 x 17 cm) 29 . The n u c l e o t i d e s  were d i sp laced  w i t h  

Arrows 

taneously w i t h  EBV. 

were chromatographed on P E I  c e l l u l o s e  t l c  ( s o l v e n t  6 ) .  

r a d i o a c t i v i t y  was i n  t h e  r e g i o n  e q u i v a l e n t  t o  i n o r g a n i c  phosphate (Rf  

0.71, 880 dpm). 
Metabo l ic  f a t e  o f  2 '  ,5'-[32P]31dA, core  added t o  C85-5C lympho- 

b l a s t s .  When 2',5'-[32P]31dA3 core  i0 .35  pCi, 25 pM) was added t o  
medium c o n t a i n i n g  C85-5C lymphoblasts,  and incuba ted  f o r  6 h r  a t  37"C, 
a t o t a l  of 9000 dpm was found i n  t h e  supernatan t  o f  t h e  c e l l s  t r e a t e d  
w i th  TCA. Th is  o n l y  represented  1.3% o f  t h e  32P core  added. 
t l c  ( s o l v e n t  A) showed t h r e e  r a d i o a c t i v e  compounds. 
t h e  supernatan t  of t h e  TCA-extracted c e l l s ,  80% was i d e n t i f i e d  as t h e  
cordycepin t r i m e r  core  (Rf 0.79), 4% as 3'dAMP (Rf 0.65), and 16% as 
i n o r g a n i c  phosphate (Rf 0.30). There was no 5 ' - rephosphory la ted  cordy- 

6 cep in  t r i m e r  core. 
ce l l s /200  p l )  were t r e a t e d  w i t h  200 pM 2 '  ,5 ' - r ,  H]3'dA3 co re  and incu -  

Nine days a f t e r  v i r u s  i n f e c t i o n ,  HUCL e x t r a c t s  
A l l  o f  t h e  

C e l l u l o s e  
O f  t h e  1.3% 32P i n  

I n  t h e  b i n d i n g  exper iments,  lymphocytes (2  x 10 
3 
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2',5'-ADENYLATE AND CORDYCEPIN TRIMER CORES 359 

bated  a t  37°C. Samples were taken a t  0, 6, 18 and 24 h r  and e x t r a c t e d  
as desc r ibed  above. 
t h e  supernatan t  o f  t h e  TCA-extracted c e l l s .  O f  t h i s  amount, o n l y  0.1% 

d isp laced  t h e  2',5'-p3A4[ P]pCp analog i n  t h e  b i n d i n g  assay (F ig .  4) .  
Determinat ion  o f  5 ' - rephosphory la t i on  o f  2 '  ,5'-A2 o r  2 '  ,5'-3'dA, 

cores by r a d i o b i n d i n g  assay. To determine i f  t h e r e  were 5 ' - rephos- 

p h o r y l a t i o n  o f  t h e  2 ' ,5 ' -A3 o r  2 ' ,5 ' -3 'dA3 cores, t h e  cores  (200 pM) 
6 were added t o  lymphocytes (2 x 10 

24 h r ,  200 p1 a l i q u o t s  were removed, washed and e x t r a c t e d  (see M a t e r i a l s  
and Methods). 

occurred, assays were done measuring compe t i t i on  f o r  t h e  pCp analog 
us ing  s e r i a l  d i l u t i o n s  o f  t h e  c e l l  e x t r a c t s  compared t o  c o m p e t i t i o n  by 
non- rad ioac t i ve  2',5'-p3A3 (0.2 - 1 nM), 2 ' ,5 ' -p33'dA3 (0.2 - 1 nM), 

2' ,5'-A3 core  (0.2 - 1 pM) and 2 ' ,5 ' -3 'dA3 core  (0.2 - 1 pM). 

assays were conducted w i t h  l y s a t e s  f rom r a b b i t  r e t i c u l o c y t e s  as t h e  

source of b i n d i n g  p r o t e i n .  

A f t e r  6 h r ,  o n l y  0.55% o f  t h e  t r i t i u m  was found i n  

32 

" " 

c e l l s / 2 0 0  p l ) .  A f t e r  0, 6, 18 and 

To determine i f  5 ' - rephosphory la t i on  of t h e  cores 

The 

2 '  ,5'-p3A3 and 2 '  ,5'-p33'dA3 (0.7 nM) com- 

100 

8 0  

8 0  

4 0  

2 0  

- A 3 ' d A 3  

A ~ 3 3 ' d A S  

- 3 ' d A 3  t r e a t e d  l y m p h o c y t e s  

0 A t r e a t e d  l y m p h o c y t e s  

e 

c 

I, 

0 . 1  0 . 2  0 . 5  1 .o 2 0  s.0 2 0 0  

A 3 ,  3 ' d A 3  tpM1 
. .  

0 . 1  0 . 2  0 . 5  1 .o  2 . 0  s .0  2 0 0  

FIGURE 4. Rad iob ind ing  assays o f  lymphocyte e x t r a c t s  p r e t r e a t e d  w i th  
2'  5 ' -A core  o f  2 ' , 5 ' -3 'dA  core.  Compet i t ion  f o r  bound 2' ,5 ' -p A4- 
[32P]pC$ by lymphocytes p res rea ted  w i t h  2',5'-A3 co re  ( 0 )  o r  2 ' ,3 ' -  
3'dA3 core  (m)  was compared w i t h  compe t i t i on  by non- rad ioac t i ve  2 '  ,5'-  
p A3 (o),  2 ' ,5 ' -A3 co re  ( o ) ,  2 ' ,5 ' -p  3'dA A ) ,  and 2' ,5 ' -3 'dA core  (i). Assays were performed as descr fbed '2h. Data rep resen t  dn 
average o f  t h r e e  experiments. 
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360 SUHADOLNIK ET AL. 

-32  pe ted  o f f  50% o f  t he  bound 2',5'-p3A4[ PIpCp, whereas t h e  lymphocyte 

e x t r a c t s  showed a 25-30% compe t i t i on  (F ig .  4). 
e l i m i n a t e  t h e  p o s s i b i l i t y  t h a t  a smal l  amount o f  2 '  , 5 ' -o l i goco rdycep in  

core  t r i m e r  i s  bound t o  t h e  c e l l  sur face .  

lymphocytes ( 2  x 10 /ZOO p l y  0.36 p l  t o t a l  c e l l u l a r  volume) were t r e a t e d  
w i t h  15 V M  21,5'-[3H]3'dA3 core  (10 pCi/pmole) a t  37°C. A f t e r  10 min, 
4 h r ,  and 18 h r ,  a l i q u o t s  were removed and e x t r a c t e d  as descr ibed i n  
M a t e r i a l s  and Methods. The 2 '  ,5'-3'dA3 core  and r e l a t e d  n u c l e o t i d e s  

e x t r a c t e d  f rom t h e  lymphocytes were analyzed on HPLC. 

3 ' -deoxy inos ine  [3 'd I ] ,  cordycep in  [3 'dA] and 2 '  ,5 ' -3 'dA3 co re  stan- 
dards separated as shown i n  F ig .  5A. 
w i t h  lymphocytes a f t e r  10 min. However, i ncuba t ions  f o r  4 h r  o r  18 hr 
showed e i t h e r  b i n d i n g  o r  uptake o f  2 '  ,5 ' - [  H]3'dA3 co re  by lymphocytes. 
A f t e r  4 hr,  t he  concen t ra t i on  o f  2 ' ,5 ' - [  H]3'dA3 core  was 44.5 vM, 
which i s  2.7-fold g r e a t e r  than t h e  15 pM 2',5'-[3H]3'dA3 core  i n  t h e  

medium (F ig .  58). R a d i o a c t i v i t y  was a l s o  de tec ted  i n  t h e  3'dATP and 
3 3'dAMP reg ions .  A f t e r  18 hr, 24 pM 2 ' ,5 ' - [  H]3'dA3 core  was de tec ted  

i n  t h e  TCA-soluble e x t r a c t ,  which i s  1 . 7 - f o l d  h i g h e r  than t h e  15 VM 
3 2 ' ,5 ' - [  H]3'dA3 core  i n  t h e  medium. 

Th is  techn ique does n o t  

To determine whether 2 ' ,5 ' -3 'dA3 core  was assoc ia ted  w i t h  t h e  c e l l s ,  
6 

3'dATP, 3'dAMP, 

No r a d i o a c t i v i t y  was assoc ia ted  

3 
3 

The r e s u l t s  p resented  suggest a 

A 0.0 1 

f - 
f 0.005 

4 

0.00 1 

0 10 20 10 20 10 20 
Retention Time (mid 

3 FIGURE 5. HPLC p r o f i l e  of  2 ' ,5 ' - [  H13'dA co re  and me tabo l i t es  bound 
t o  o r  taken up by lymphocytes f o l l o w i n g  TSA e x t r a c t i o n .  A ,  standards;  
B, 4 hr;  C, 18 h r .  
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2',5'-ADENYLATE AND CORDYCEPIN TRIMER CORES 

r e l a t i o n s h i p  between t h e  2 '  ,5 ' - [  H]3'dA3 co re  i n  t h e  TCA-soluble ex- 
t r a c t s  (F ig .  5 )  and t h e  h a l f - l i f e  o f  t h e  2',5'-[32P]3'dA3 core  i n  t h e  
medium (F ig .  2) .  

2 '  ,5'-3'dA, core. Because ou r  o r i g i n a l  s t u d i e s  on t h e  me tabo l i c  

s t a b i l i t y  o f  t h e  2 '  ,5'-A molecule m o d i f i e d  a t  t h e  2 ' - t e rm inus  were done 
w i t h  HeLa cells2', we sought t o  determine whether t h e r e  was compe t i t i on  
between t h e  2 ' ,5 ' -A molecule and t h e  cordycep in  analog us ing  c e l l - f r e e  
e x t r a c t s  from HeLa c e l l s .  Experiments were done t o  determine t h e  

e f f e c t  o f  i n c r e a s i n g  concen t ra t i ons  o f  un labe led  2 '  ,5'-A3 core  o r  

2 ' ,5 ' -3 'dA3 core on t h e  enzymatic h y d r o l y s i s  o f  2 ' , 5 ' - [  H]p3An by 
2 '  ,5 ' -phosphodiesterase f rom c e l l - f r e e  e x t r a c t s  o f  HeLa c e l l s .  

t i o n s  were e s t a b l i s h e d  t h a t  r e s u l t e d  i n  t h e  presence o f  excess 2 ' ,5 ' -A3 
core  i n  t h e  assays (F ig .  6 ) .  The h y d r o l y s i s  o f  1 uM 2',5'-[3H]p3An was 
mon i to red  i n  t h e  presence o f  i n c r e a s i n g  concen t ra t i ons  of 2 ' ,5 ' -A3 core  

(0-200 vM). 

36 1 

3 

Degradat ion o f  2',5'-[3H]p,A, i n  t h e  presence o f  2',5'-A, o r  

..I 

3 

Condi- 

I n  t h e  presence o f  200 uM 2 '  ,5'-A3 core, degradat ion  o f  

n 
rp 
Y 

C 
0 

m 
0 

0 
Q 
P 
C 
U 
n 
P 
I 
v) 

(u 

.- 
c. 

2 

100 

5 0  

0 

L 

-0 

1 I 1 1 I 

2 5  5 0  100 150  2 0 0  
1 I 1 1 I 
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Core  2 ' ,  5'- Oligonucleotide Added (p M) 

3 FIGURE 6. 
i n c r e a s i n g  concen t ra t i ons  of 2 '  ,5'-A 3 c b e  o r  2 '  , 5 ' -3 '  A core  
[3H]p A and cores were added s i m u l t h e o u s l y .  2'.5'-[gHjp3An il pM) 
was i i c l b a t e d  f o r  10 min w i th  0.3 p a r t s  o f  HeLa c e l l  e x t r a c t  and t h e  
concen t ra t i on  o f  core  2 '  , 5 ' - o l i g o n u c l e o t i d e  i n d i c a t e d  on t h e  abc i ssa  
(2 '  ,5'-A core, 0-0; 2 '  ,5'-3'dA3, 0-0).  The amount o f  undegrajgd 
2',5'- [3$]p An was determined by DEAE c e l l u l o s e  chromatography . 
With no addsd co re  2 ' , 5 ' -o l i gonuc leo t i de ,  about 95% o f  t h e  2 '  ,5'-[3H]- 
p A was degraded. 
eiuFva1 ents.  

Degradat ion o f  2 ' ,5 ' - [  H]p A i n  t h e  presence o f  
2 '  ,5 ' -  

Concentrat ions a r e  expressed i n  AMP and 3'dAMP 
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362 SUHADOLNIK ET AL. 

TABLE 1. DNA Synthesis i n  Lymphocytes and Lymphoblasts Trea ted  w i t h  
2 ' ,5 ' -A3 Core and 2 '  ,5 ' -3 'dA3 Core 

A d d i t i o n  Concent ra t ion  Incuba t ion  C e l l  Type dpmb % of 
(PM) ( h r )  c o n t r o l  

none 
2'  ,5'-A3 
none 
2 '  ,5'-A3 

none 

25 
- 
25 

12 

12 
12 
12 

216 

2 '  ,5'-A3 

none 
2 ' ,5' - 3' dA3 

25 

- 
100 

216 

6 
6 

~ 

HUCL 6,500 

HUCL 3,200 
C85- 5C 1,110,000 
C85-5C 515,000 

EBV-infected 3,000 
HUCL 
EBV-infected 1,500 
HUCL 
PBL 30,100 
PBL 20,400 

100 
49.5 

100 
44 

100 

50 

100 
66 

29 aDNA syn thes i s  was determined by t h e  method o f  Kr ishnan and B a g l i o n i  

b[3H]Thymidine i n c o r p o r a t i o n  (10 PCi )  i n t o  TCA-insoluble m a t e r i a l ,  

'Based on c o n t r o l  assays, average o f  4-7 assays. 

. 
average o f  d u p l i c a t e  samples. 

3 1 uM 2 ' , 5 ' - [  H]p3An i s  reduced t o  10%. 

3'dA3 core  d i d  n o t  compete f o r  t h e  degradat ion  of 1 pM 2 ' ,5 ' - [  H]p3An. 
E f f e c t  o f  2 '  ,5'-A, core  and 2 '  ,5'-3,'dA, core  on DNA synthes is .  

HUCL, PBL and C85-5C lymphoblasts were t r e a t e d  w i t h  e i t h e r  2' ,5'-A3 
core  o r  2 ' ,5 ' -3 'dA3 core.  

t i o n  o f  2 ' , 5 ' - o l i g o n u c l e o t i d e s  t o  t h e  t i s s u e  c u l t u r e  medium (Table 1 ) .  
2' ,5'-A3 core  (25 pM) i n h i b i t e d  DNA syn thes i s  approx imate ly  50% i n  
HUCL and C85-5C lymphoblasts.  2 '  ,5'-3'dA3 c o r e  (25 uM) i n h i b i t e d  DNA 
syn thes i s  24% i n  PBL. 

2',5'-A3 core  o r  2 ' ,5 ' -3 'dA3 core  i n  HUCL, C85-5C lymphoblasts o r  EBV- 
i n f e c t e d  HUCL (da ta  n o t  shown). 

I n  con t ras t ,  0-200 uM 2 ' , 5 ' -  
3 

I ., 

DNA syn thes i s  was measured f o l l o w i n g  add i -  

P r o t e i n  syn thes i s  was n o t  i n h i b i t e d  by e i t h e r  

DISCUSS I ON 

Because o f  t he  known b i o l o g i c a l  a c t i v i t i e s  o f  t h e  2 ' , 5 ' -o l i go -  
adenylate molecule i n  mammalian c e l l s ,  we determined t h e  metabol ism of 
t h e  2' ,5'-A3 core  and t h e  cordycep in  analog i n  lymphocytes and lympho- 
b l a s t s  and t h e  h a l f - l i f e  i n  t i s s u e  c u l t u r e  medium. These s t u d i e s  a r e  
t h e  f i r s t  r e p o r t  on t h e  enzymatic syn thes is ,  c h a r a c t e r i z a t i o n  and 
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3 metabo l i c  s t a b i l i t y  o f  32P and H l a b e l e d  2 ' , 5 ' -adeny la te  and cordy- 

cep in  t r i m e r  cores i n  lymphocytes, lymphoblasts,  and t i s s u e  c u l t u r e  
32 medium. 2 ' , 5 ' - [  P]A3 core i s  r a p i d l y  hydro lyzed by  t i s s u e  c u l t u r e  

medium ( t  
more s l o w l y  (tl/2 17 h r ) .  These da ta  agree w i t h  e a r l i e r  r e p o r t s  on t h e  

h y d r o l y s i s  o f  t h e  2 '  ,5 ' -adeny la te  molecule by 2 '  ,5 ' -phosphodiester-  
ase 30'31. There was no d e t e c t a b l e  5 ' - rephosphory la t i on  o f  t h e  2 '  ,5'-A3 

core o r  t h e  2 ' ,5 ' -3 'dA3 core  as determined by i o n  exchange t l c  chroma- 

tography o f  TCA-soluble cy top lasmic  e x t r a c t s  o f  lymphoblasts.  Fu r the r -  

more, by t h e  use o f  t h e  more s e n s i t i v e  r a d i o b i n d i n g  assay, supernatan ts  

o f  TCA e x t r a c t s  o f  lymphocytes t r e a t e d  w i t h  2 ' ,5 ' -A3 o r  2 ' ,5 ' -3 'dA3 
cores d i sp laced  t h e  pCp analog. The displacement observed c o u l d  be due 

t o  cores a t  a concen t ra t i on  o f  0.35-0.45 VM o r  t o  rephosphory la ted  
o l i g o n u c l e o t i d e s  a t  a concen t ra t i on  o f  0.35-0.45 nM (F ig .  4 ) .  On t h e  
b a s i s  o f  t h i s  displacement data,  t h e  maximum concen t ra t i on  o f  5 ' - rephos 

p h o r y l a t e d  cordycep in  t r i m e r  p o s s i b l e  would be 0.45 nM. This'concen- 

t r a t i o n  o f  t h e  rephosphory la ted  cordycep in  t r i m e r  analog would not be 
s u f f i c i e n t  t o  e x p l a i n  t h e  i n h i b i t i o n  o f  p r o t e i n  syn thes i s  by a c t i v a t i o n  
o f  t h e  2 ' ,5 ' -A dependent endonuclease. 
mean t h a t  t h e  a c t i o n  o f  t he  cores i s  by a mechanism(s) independent o f  
t h e  i n t e r f e r o n j 2 '  , 5 ' -o l i goadeny la te  system 5 '6y8-16y32.  
suppor t  t h i s  hypothes is  i s  o u r  r e p o r t  t h a t  2' ,5'-A3 core  and t h e  cordy- 

cep in  core  analog i n h i b i t  t h e  fo rma t ion  o f  t h e  EBV-associated n u c l e a r  
18 a n t i g e n  . 

c u l t u r e  medium and t h e  i d e n t i f i c a t i o n  o f  ATP, ADP, AMP and i n o r g a n i c  
phosphate i n  the  supernatants o f  t h e  TCA-treated c e l l s  c o u l d  be ex- 
p l a i n e d  by t h e  degradat ion  o f  2 '  $5'-A3 core  by phosphodiesterases i n  

t h e  medium, and subsequent uptake o f  adenosine by t h e  c e l l s  and conver- 
32 s i o n  t o  t h e  nuc leo t i des .  S i m i l a r l y  t h e  [ P I -  o r  [3H]2' ,5 ' -cordycepin 

t r i m e r  core  ( t  17 h r  i n  t i s s u e  c u l t u r e  medium) c o u l d  be hyd ro l yzed  
t o  cordycep in  and resynthes ized i n  the  c e l l  t o  t h e  cordycep in  nuc leo-  
t i d e s .  However, when t h e  supernatants f rom t h e  TCA-treated c e l l s  were 
analyzed f o r  2 '  ,5'-A3 core  and 2 '  ,5'-3'dA3 core  by e i t h e r  r a d i o b i n d i n g  

assay o r  HPLC, 2 ' ,5 ' -A3 core  and 2' ,5 ' -3 'dA3 core  were detected. 
n o t  c l e a r  if t h i s  2',5'-A3 core  and 2' ,5 ' -3 'dA3 core  i s  due t o  b i n d i n g  
and/or uptake by t h e  lymphocytes. O f  i n t e r e s t  i s  t h e  obse rva t i on  t h a t  

3 h r ) ,  b u t  t h e  cordycepin t r i m e r  core  i s  hyd ro l yzed  much 1 /2 

We i n t e r p r e t  these da ta  t o  

Evidence t o  

The r a p i d  h y d r o l y s i s  of t h e  2 ' ,5 ' -A3 co re  ( t  3 h r )  i n  t i s s u e  
1 /2 

1/2 

I t i s  
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Glazer and coworkers t h a t  2 '  ,5 ' -3 'dA core  i s  r a p i d l y  hyd ro l yzed  t o  
cordycepin i n  t i s s u e  c u l t u r e  medium 
depin t r i m e r  core  ac ts  as a prodrug o f  cordycepin.  
observa t ion  does n o t  appear t o  app ly  t o  lymphocytes. 

be severa l  p o s s i b l e  exp lanat ions  f o r  t h e  a n t i m i t o g e n i c  e f f e c t  o f  cordy- 
cep in  t r i m e r  core i n  d i f f e r e n t  c e l l  systems. 
p o s s i b l e  t h a t  cordycepin t r i m e r  core  b inds  t o  t h e  c e l l  su r face  and i s  
i n t e r n a l i z e d ,  i s  bound t o  s p e c i f i c  recep to rs  and n o t  i n t e r n a l i z e d ,  o r  
e n t e r s  the  c e l l  w i t h o u t  s p e c i f i c  recep to rs .  I n  con t ras t ,  Chapekar and 
Glazer33 and Eppstein e t  a l . 3 4  p r o v i d e  evidence t h a t  cordycep in  and 
xyloadenosine cores a c t  as prodrugs. F i n a l l y ,  i t  i s  known t h a t  t h e  
2 '  ,5 ' -phosphodiester bond i s  markedly d i f f e r e n t  t han  t h e  2 '  ,5'-phospho- 
d i e s t e r  bond. 
phate backbone o r i e n t e d  inward towards t h e  bases, whereas i n  t h e  3 '  ,5'-  
phosphodiester l i n k a g e  t h e  sugar phosphate backbone i s  o r i e n t e d  away 
f rom t h e  bases 35y36.  
f o rma t iona l  ana lys i s  o f  cordycepin t r i m e r  core  v i a  CD and NMR prov ides  
evidence t h a t  base s t a c k i n g  o f  t h e  2 '  , 5 ' -o l i gonuc leo t i des  d i f f e r s  f rom 
t h a t  o f  t h e  3 '  , 5 ' -o l i gonuc leo t i des ,  
a l s o  e x p l a i n  the  mechanism(s) of a c t i o n  o f  t h e  2 '  ,5 ' -adeny la te  and 
analogs. 

33 . T h e i r  suggest ion  i s  t h a t  cordy- 
However, t h i s  

There appear t o  

I n  lymphocytes, i t  i s  

The 2 ' , 5 ' - l i nkage  i s  s i m i l a r  t o  Z DNA w i t h  t h e  sugar phos- 

The recen t  r e p o r t  by Doornbos e t  a l . 37  on the  con- 

Such con fonna t iona l  d i f f e r e n c e s  may 
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