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Abstract- I n  order t o  invest iga te  the  structure-funct ion re la t i onsh ip  

of DNA and RNA, a number of nucleot ide analogs having various subst i tuents  i n  

the 2 ' - pos i t i on  o f  pur ine nucleoside moiet ies were synthesized and t h e i r  phys- 

i c a l  and b io log i ca l  p roper t ies  invest igated. 

It i s  o f  considerable i n t e r e s t  t o  invest iga te  the s t ruc ture- funct ion  re la t i onsh ip  o f  DNA and RNA, 

which are d i f fe rent  chemically only i n  the absence o r  presence o f  the  OH group i n  the 2 ' - pos i t i on  

of the carbohydrate moiety. I n  t h i s  connection, we synthesized a number o f  analogs o f  2 ' -subst i -  

tu ted pur ine nucleosides, nucleotides, o l igonucleot ides and polynucleotides and invest iga ted t h e i r  

physico-chemical as wel l  as b io log i ca l  propert ies.  

As reported previously1, we are able t o  synthesize 2 ' -subst i tu ted pur ine nucleosides eas i l y  and 

i n  quan t i t y  through 8-cyclonucleosides.2 The synthet ic  pathway for  2'-f luoro-2'-deoxyadenosine i s  

shown i n  Chart 1. S ta r t i ng  from e a s i l y  ava i lab le  adenosine, a cyclonucleoside, 8.2'-anhydro-8- 

oxy-9-0-0-arabinofuranosyladenine (4) i s  obtainable i n  a y i e l d  of ca. 40 %. The canpound 4 i s  

der ived through 3 '  ,5 ' -protected 9-8-D-arabinofuranosyladenine (araA)(g) t o  2 ' - f l u o r o  compound i n  

ca. 8 % ove ra l l  y ie lds .  Other analogs having azido, amino, chloro,  b r m  and iodo subst i tuents  

can be obtained analogously. In t roduct ion  of the tetrahydrofuranyl (Thf) r a the r  than the t e t r a -  ' 

hydropyranyl (Thp) group i n  the compound 8, increased the y ie ld  t o  ca. 20 %. 3 

Guanosine and i nos inede r i va t i ves  containing 2 ' - f l uo ro ,  chloro, bromo, azido and amino groups have 

been synthesized analogously t o  compare t h e i r  p roper t ies  with adenosine d e ~ i v a t i v e s . ~  Among them, 

2'-amino-2'-deoxyguanosine was found as an a n t i b i o t i c  i n  Enterobacter cloacae by Nakanishi e t  a l .  5 

I t  showed an t i bac te r i a l  and ant icancer a c t i v i t i e s .  Af ter  the chemical synthesis o f  2'-amino-2'- 

deoxyadenosine, t h i s  compound was a lso  found as an a n t i b i o t i c  from Actinomycetes sp. 372-Av, show- - 
in9  some ant icancer ac t i v i t y .6  This i s  another case finding a na tu ra l l y  occurr ing a c t i v e  compound 

a f t e r  i t s  chemical synthesis, as i n  the case o f  aristeromycin. Other groups of chemists a lso  

synthesized these types o f  2 ' - subs t i t u ted  pur ine nucleoside through the conversion o f  the  carbo- 



~~. .. ~ - 

hydrate moie ty  of pyr imid ine  nucleoside t o  t h e  ~ u r i n e , ~  i n v e r s i o n  of araA t r i f l a t e , 8  o r  t h e  

condensation of pur ines t o  preformed carbohydrate moiet ies. '  
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We then invest iga ted the physical p roper t ies  of these 2'-subst i tuted nucl&xide by U V ,  'H- and 

I 3 c  NMR, as we l l  as by X-ray crystal lography. 

1 When H-NMR of adenosine der iva t ives  were taken, we found that coupl ing constants ( J )  between 

1'-H and 2'-H l i n e d  up w i t h  the e lec t ronega t i v i t y  o f  2 ' -subst i tuents as shown i n  Table I. 10 

Table I Yic ina l  H-H coupl ing constants (Hz) and conformation o f  adenosine 

der iva t ives .  

Compound J1 , 2 ,  J2,3,  J3,4, 

6.2 3.0 

2'-H 7.7 5.6 

OH 6.1 5.1 3.1 

NH2 7.5 

0CH3 5 . 5  

N3 5.9 

F 3.1 4.3 6.0 

C1 7.2 4.8 2.7 

Br 7.4 4.7 2.4 

I 8.8 4.5 

Jl,2,+3,4, Population of N conformer (%)  

Assuming t h a t  the furanose puckering i s  an equ i l ib r ium between 3'-endo and 3'-ex0 forms", as 

i l l u s t r a t e d  i n  F ig .  1, the coupling constants J1,?, may re f l ec t  the  amount of one conformation i n  

the sum o f  two conformers. This can be c l e a r l y  observed i n  Fig. 2, when the populat ion of N- 

conformation was p l o t t e d  against X, a nega t i v i t y  coef f ic ien t .  A l l  compounds l i n e d  up beau t i f u l l y  

on a curve, suggesting t h a t  the e lec t ronega t i v i t y  o f  substituents determined the conformation of 

the carbohydrate moiety of 2 ' -subst i tu ted nucleosides. This p o i n t  was also suggested by Guschlbauer 

e t  a l .  using pyr imidine nucleosides. I 2  

1 4  The same conclusion was obtained by studies o f  2'-deoxyguanosine der iva t ives  w i t h  H-NMR as 

sumnarized i n  Table 11. Again, e l ec t ronega t i v i t y  o f  2 ' -subst i tuents governs conformation of 

guanosine nucleosides, and the tendency i s  ra the r  c learer  than i n  the case o f  adenosine der iva t ives .  

Table I 1  Coupling constants (Hz) and conformation o f  guanosine der iva t ives .  

tompound JIt2, J2 ,38  J 3 0 4 0  J112s+314 ,  Population of N conformer ($1 
2'-F 2.8 4.1 6.3 9.1 69 

C I  6.9 4.8 3.0 9.9 30 

Br 7.6 4.8 2.2 9.8 22 

I 8.7 4.6 13 



Fig.  1 Equilibri urn in Furanose puckering 

Fig .  2 
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I n  o rder  t o  c o r r e l a t e  the  e l e c t r o n e g a t i v i t y  ( i nduc t i ve  e f fec t )  o f  the 2 ' - subs t i t uen t  and the 

chemical s h i f t  of adenosine de r i va t i ves ,  we examined I 3 c  NMR of these compounds.13 When the 

d i f f e rence  i n  chemical s h i f t  of the  2 '  and 4 ' 4  atoms of 2 ' - subs t i t u t ed  adenosines w i t h  t h a t  of 

2'-deoxyadenosine (As) was p l o t t e d  aga ins t  x value (F i g .  3) ,  we cou ld  observe a 1 inear  r e l a t i o n s h i p  

between them. 

F ig .  3 

( a  

We then analyzed c r y s t a l s  of 2'-f luoroadenosine. - inos ine  and -guanosine by X-ray c rys ta l lography .  

As shown i n  F ig .  4, 2 ' - f l uo ro i nos i ne  c r y s t a l l i z e d  i n  two forms having anti and conformations, 

bu t  angles between HI, and Hz, are bo th  aroung 90•‹, which i s  j u s t  suggested by NMR measurements. 

Accordingly,  conformation of the  carbohydrate moiety stays a t  3'-endo (N) conformation. 2 ' -Fluoro-  

2'-deoxyadenosine c r y s t a l l i z e d  i n  almost the same conformation w i t h  one f l uo ro i nos i ne  c r y s t a l ,  show. 

i n g  the  3'-endo form. The guanosine d e r i v a t i v e  showed very complex features i n  e i g h t  forms, but  

a l l  forms again showed N-confomat ions,  Therefore, 2 ' - f l uo ro  s u b s t i t u t i o n  always de tem ined  the 

conformat ion i n  3'-endo (N) form. The cause o f  t h i s  phenomenon was expla ined by ~ u s c h l b a u e r ' ~  as 

d i p o l a r  i n t e r a c t i o n  of the C-F bond and the furanose r i n g .  However, another i n t e r p r e t a t i o n  by 

Olson has been presented. 14 

As deduced f rom these resu l t s ,  2 ' - subs t i t uen t s  exer ted  a great e f fec t  on the  conformation of nucleo- 

sides. If we assume H o r  OH s u b s t i t u t i o n  a t  the 2'-carbon of the  furanose r i n g  as i n  2'-deoxy o r  

r ibonucleosides,  the  e l e c t r o n e g a t i v i t y  o f  these subs t i tuen ts  may be the  governing f a c t o r  determining 

the s t r u c t u r e  of nucleosides, which are cmponents o f  DNA and RNA, and may determine the  conformation 

o f  nuc l e i c  acids.  
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We then synthesized some phosphate esters of 2 ' -subst i tuted purinenucleosides. F i r s t  3 ' ,5 ' -  

c y c l i c  phosphate o f  2'-fluoro-2'-deoxyadenosine (dAf l )  was synthesized as i n  Chart 2 .  15 

Chart 2 

I :  P O C 1 3  ( E t O ) 3 P 0  

ii: D C C ,  P y r i d ~ n e  

0 . 

The s t ruc tu re  of t h i s  compound was confirmed by physical measurements. We found previously t h a t  

assignment of 13c signal  of C3, and C4,  i n  3 ' , 5 ' - cyc l i c  AMP has t o  be exchanged. This a l t e r a t i o n  

was confirmed by i nves t i ga t i on  o f  13c NMR o f  3 ' ,5 ' -cyc l ic  dAflMP, because o f  the unambiguous coupl- 

i ng  of 13c-19~.  

Invest iga t ion  of the biochemical p roper t ies  of the monomers, dAf l  and 2'-azido-2'-deoxyadenosine 

were studied together w i t h  arabinosyl der iva t ives .  When these nucleosides are t rea ted w i th  

human ery throcy te  adenosine deaminase,16 f luoro  der ivat ives showed low Km values and deaminated 

r a p i d l y  as i n  the  case o f  adenosine. However, azido der ivat ives are no t  deaminated e f f i c i e n t l y  

and may be used as a deaminase i n h i b i t o r .  When these analogs were incubated w i t h  pur ine nucleo- 

s ide phosphorylase (PNP), dAf l  showed e i t h e r  the substrate o r  i n h i b i t o r  a c t i v i t y  i n  ra ther  unfavor- 

able k i ne t i cs .  This may be caused by conformational difference o f  t h i s  compound w i t h  natural  

nucleosides. Incubat ion of these nucleosides w i th  sarcoma 180, lymphocytes and erythrocytes gave 

5 ' -d i -  and triphosphates, respect ively.  

dAflTP and dAzTP were tested as substrates o f  DNA-dependent RNA polymerase of =.I7 I n  the 

presence of UTP,dAzTPwas incorporated as 10 % of ATP and thus acted as a compet i t ive i n h i b i t o r .  

On the other hand, dAflATP copolymerized w i t h  UTP on l y  1 $ of ATP and exerted a strong i n h i b i t o r y  

e f f ec t  t o  poly(AU) synthesis. We there fore  deduced that  the conformation of dAzATP i s  ra ther  l i k e  

ATP and t h a t  of dAflTP may be very d i f f e r e n t  from ATP. dAflTP may be useful  as an i n h i b i t o r  o f  

RNA polymerizat ion.  A recent study of Seno e t  a1.I8 showed t h a t  DNA polymerase ol of Ehr l i ch  

asc i tes  tumor c e l l s ,  which i s  known t o  polymerise RNA on poly-(dT), was s t rong l y  i n h i b i t e d  by the 



presence o f  dAzTP. This r e s u l t  a l so  suggested a very s i m i l a r  conformation o f  dAzTP w i t h  Alp, bu t  

i t  did no t  ac t  as a subs t ra te  of RNA polymerase. When dAflATP was incubated w i t h  DNA polymerase 

(Klenow fragment) i n  the  presence of P o l y ( d ~ - d ~ )  o r  ca l f  thymus DNA, 3-4 % o r  20 % o f  pdAf u n i t s  

were incorporated.19 This fac t  may suggest t h a t  dAfTP had a d i f f e ren t  a f f i n i t y  t o  t h i s  enzyme, 

because of the unusual 3'-endo conformation no t  present  i n  dATP. Thus fa r ,  the  conformation of 

the mother nucleoside w i l l  be r e ta i ned  i n  5'-phosphates and used as weak substrates i n  some cases 

and as i n h i b i t o r s  i n  o ther  cases. U t i l i z a t i o n  of these nucleot ides i n  b i o l o g i c a l  systems might  

be conducted i n  the f u t u re .  

We next synthesized a v a r i e t y  of o l igonuc leo t ides  s t a r t i n g  from 2 ' - subs t i t u t ed  2'-deoxynucleosides 

w i t h  the aim of i n v e s t i g a t i n g  the  r e l a t i o n s h i p  of monomer and o l i g m e r  conformation.20 F i r s t ,  

we synthesized adenosine dimers conta in ing  dAz, dAf l ,  dAcl, dAbr, and dAio w i t h  2'-deoxyadenosine 

o r  adenosine. The syn the t i c  pathway f o r  these dimers i s  i l l u s t r a t e d  i n  Chart  3. E i t h e r 5 ' -  o r  3 ' -  

OH are phosphorylated and condensed t o  another p a r t  having p r o t e c t i o n  on the  3 '  o r  5'-OH group. 

C h a r t  3 

n h 
M M T ~ O ~  + Ho-F-oa 

0- 
HO X AcO OAc 

S , O ~  

0 OBz 
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Dimers were p u r i f i e d  by column chromatography and analyzed by enzymatic degradation t o  g ive  com- 

ponent monomers. 

We f i r s t  compared CD spectra of ApdAl, dAflpA, dAflpdAfl and ApA. These analogs showed a pat tern  

(Fig. 4 )  s i m i l a r  t o  t ha t  of ApA, suggesting t h a t  they  have right-handed stacking conformation 

establ ished i n  A P A . ~ '  However, the magnitude of CD bands i s  i n  the order, dAflpdAfl>dAflpA>ApdAfl> 

ApA. This means tha t  the conformation of the f luor ine-containing nucleot ide enhanced stacking 

mainly by a 3'-end0 conformation as c l a r i f i e d  e a r l i e r .  This p o i n t  was fur ther  confirmed by the 

Fig.  5 

1 .  I 
220 240 260 280 J00 

Wavelength (nm) 

hyb r i d i za t i on  of these ApA analogs w i t h  poly(U) forming three-stranded he l i ca l  cmplexes. The Tm's 

o f  these complexes are a lso  i n  the order o f  dAflpdAfl>dAflpA>ApdAfl. 

Mul t inuc lear  NMR studies of these dimers were ca r r i ed  out i n  order  t o  examine the de ta i l ed  s t ruc-  

ture'' (Table 111). A l l  'H, "F and 3 1 ~  s igna ls  were d e f i n i t i v e l y  assigned and the fo l l ow ing  r e s u l t s  

obtained: 1) 3'-endo conformation o f  dAf residues i s  great ly enhanced by tak ing a stacked con- 

formation, 2 )  d imer iza t ion  s h i f t  i s  i n  the order o f  dAflpdAfl>dAflpA>ApdAfl >ApA, 3) 19F atoms 

i n  the o l i g m e r  strands might be a useful  s igna l  o f  the canformational studies.  These proper t ies  

were essen t i a l l y  the same w i t h  dAcl- o r  dAz-containing dimers, bu t  these dimers showed very s i m i l a r  

conformations w i t h  t h a t  of ApA, because o f  the same degree o f  C3,-endo populations i n  the  monomer 

un i t s .  Therefore, i t  might be concluded t h a t  f o r  s tab i l i za t i on  of a r ibodimer l i k e  ApA, the ' ' -OH 

group acts as a po la r  s t e r i c a l  group and no t  as a hydrogen bond donor o r  acceptor. 



We then synthesized heterodimers containing U o r  C u n i t s  together w i t h  dAx o r  dGx. I n  the case o f  

1 dAxpU ser ies,  the degree of stacking as determined by UY hypochromicity, CD and H NMR was i n  

the order: dAflpU>dAclpU>dAbrpU,dAiopU. Therefore, it was concluded t h a t  f o r  stacking conformation. 

the 2 ' -subst i tuents  exerted e f f e c t s  by t h e i r  induct ive  e lec t ronega t i v i t y  and s t e r i c a l  bulk iness. 

A S  a non-hydrolizable substrate of RNase 11, which cleaved only a t  Gp residues i n  RNA, dGflpU was 

synthesized by a method essen t i a l l y  analogous t o  t h a t  described e a r l i e r .  As studies by UV, CD and 

NMR, t h i s  dimer has ra ther  weakly stacked conformation and may be useful  f o r  c r y s t a l l i z a t i o n  w i t h  

RNase TI f o r  X-ray studies 

sugar ring A 

As we have synthesized a va r i e t y  o f  o l igonucleot ides f o r  the const ruc t ion  o f  the tRNA molecule, 23 

enzyme recogn i t ion  sites,'$ and genes f o r  peptides and h o r m o n ~ , ~ ~  ol igonucleot ides conta in ing the 

2 ' -subst i tu ted 2'-deoxynucleotides might be i n t e r e s t i n g  f o r  e luc idat ion  of the s t ruc ture- funct ion  

re la t ionsh ip  of these nuc le ic  acids. 

It was known t h a t  the tRNA molecule has a comnon CCA 3'- terminal ,  which accepts amino ac id  according 

t o  codes on messenger RNA. I n  order t o  incorporate odd bases a t  t h i s  terminal  pos i t i on  by Using 

l igase RNA, we synthesized tetramers containing dAz and dAf, ACCAX. '~  Using ACC t r imers  as the 

acceptor, pyrophosphate AppAx was reacted i n  the presence of RNA l i gase .  These tetramers were 

further jo ined w i t h  the tRNA molecule lack ing 3'-end te t ranuc leot ide  to -obta in  f u l l y  reconst ruc ted~ 

t R N A  molecules.: 

1) ApCpC t AppAx ---- ApCpCpAx 

2) tRNA(-4Nt) + ApCpCpAx ---- tRNA-CCAx 
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The anticodon pos i t i on  containing A residue i s  now under replacement w i t h  dAx. Using these 

f luor ine-conta in ing tRNA, several studies fo r  invest iga t ing  tRNA s t ruc tu re  are expected. 

We f u r t h e r  synthesized se l f  complementary octanucleot ides with the  sequence recognized by a res t -  

r i c t i o n  enzyme E C O R ~ . ~ '  Several studies ind ica ted t h a t  the base moiety o f ' t he  const i tuent  nucleo- 

t i d e  i s  important f o r  i t s  recogn i t ion  by the enzyme, but studies deal ing w i th  the carbohydrate 

moiety o f  recogn i t ion  sequences are few. The synthesis o f  the octamer i s  i l l u s t r a t e d  i n  Chart 4. 

The method i s  essen t i a l l y  as reported ea r l i e r z4  and the octamers were obtained i n  quant i ty .  An 

octamer conta in ing dGfl a t  second pos i t i on  was obtained analogously. When these octamers were 

incubated w i t h  EcoRI, d iges t ion  proceeded as i l l u s t r a t e d  i n  Fig. 6. Surpr is ing ly ,  the octamer 

Chart  4 

1 :,/ '??, ~ m m  
D M T r O  0 - P O  0 -PR2  -) OMTrO 

i bG  ibG brA bzA 
MSNT 
_j 



Fig. 6 

EcoRl digastion 

( 2 0 ' ~ .  1 OpM ) 

containing dGfl was s p l i t  most eas i ly ,  more than twice as much as natura l  dGGAATTCC. Another 

octamer conta in ing dAf a t  the t h i r d  pos i t i on  was digested as l ess  than ha l f  the parent octamer. 

NMR studies of these octamers showed tha t  the dA f l  u n i t  i n  the t h i r d  pos i t i on  had J 1 , ? , =  5.2, 

suggesting 40 % N-conformer i n  t h i s  double h e l i c a l  octamer. Therefore, t o t a l  conformation o f  t h i s  

octamer w i l l  be j u s t  as i n  natural  DNA, and the f l uo r i ne  atom i n  t h i s  octamer d i s t o r t e d  the enzyme 

recogn~zing s i t e ( s ) .  The cause of enhancement by dGfl a t  the second pos i t i on  may be changing 

the conformation o f  t h i s  octamer t o  a favorable one. 

As i t  could be safe ly  predicted t h a t  ol igonucleot ides containing dAx o r  dGx should have conformat- 

ion l i k e  RNA ra the r  than DNA, polynucleotides cons is t ing  these nucleot ides might have physiochemical 

and biochemical p roper t ies  as RNA. Thus, we prepared a va r i e t y  o f  polynucleotides, poly(dAf) ,  

poly(dAcl), poly(dAbr1, poly(dAn), po ly (d Iz ) ,  po ly (d I f1 )  and po ly (d Ic1)  by using polynucleot ide 

phosphorylase and appropr iate diphosphates.28 Physico-chemical studies showed t h a t  poly(dAx) most 

resembled po ly ( rA) .  For instance, poly(dAf)  has E value(per residue) of 9,700, and the hypo- 

chromicity around 295 nm was 32 % as tabulated i n  Table 1 V .  The UV absorpt ion maxima s h i f t e d  

bathochromically 2-3 nm from t h a t  o f  the  monomers. Hypochromicity ca lcu la ted from monomer absorp- 

t i on  was around 30 % fo r  poly(dAx) and 20 % f o r  poly(d1X). The CD spectra of these polynucleotides 

are s i m i l a r  t o  those o f  poly(rA),  as shown i n  Fig. 7. The t o t a l  p r o f i l e  of the curve i s  very 

s imi lar  t o  tha t  o f  poly(rA),  suggesting a s i m i l a r  conformation w i t h  po ly ( rA) .  Polymers poly(dAx) 

formed double and t r i p l e  stranded-complexes w i t h  poly(rU) and a th ree stranded complex w i t h  po ly ( r1)  
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Table I V  

Compound 

po ly ( rA)  

poly(dAf) 
poly(dAc1) 

poly(dAbr) 

poly(dAa) 

po l y (d l f 1 )  

po ly (d Ic1)  

poly(d1z) 

Fig. 7 

hmax (nm) hypochronicity ($1 
10,000 257 35 

9,700 255 32 

10,500 257 32 

10,700 257 29 

11,200 258 25 

9,800 245 (sh 273) 20 

10,300 248 20 

10,950 247 11 

Fig.  8 

I u . Complex Formation of ~ o l y  (Mr) with ~ o l y  I U )  
CD spectra of p l y  llifl , poly IAclI and polylMrl . 
POl"lAf1 -, pOly(II~1) ----, po1ymb*1-.-.-. 

as t h e i r  parent po ly ( rA)  (Fig: 8 ) .  Tm's o f  these complexes are 53 - 64O i n  the presence o f  a 0 . 1 5 ~  

~ a +  ion  showing a comparable value w i t h  poly(rA)(6Zm). These resu l t s  c l e a r l y  showed t h a t  polynucleo- 

t i des  cons is t ing  of dAx residues had physical p roper t ies  very s i m i l a r  t o  those o f  po ly ( rA) .  Po ly (d lx )  

a lso  showed proper t ies  very s i m i l a r  t o  those o f  po ly ( r1) .  

We invest iga ted the b io log i ca l  propert ies o f  these polynucleotides against RNA-dependent, DNA poly-  

merase'' (reverse t ranscr ip tase) ,  kn pro te in  synthet ic system30 and in ter feron induct ion.  31 

When po ly (dAf l ) ,  poly(dAz) and po ly (d l f1 )  were t reated with reverse t ranscr ip tase from murine 

leukaemia v i rus ,  f l uo r i ne  containing polymers served as a good template f o r  DNA synthesis. In 

contrast  t o  t h i s ,  poly(dAz) s t rong ly  i n h i b i t e d  the a c t i v i t y  of the  enzyme. This f ac t  again suggested 

t h a t  a lso  i n  these incubat ion condi t ions the polymers are i n  favorable conformation and they are 

w e l l  present i n  t h e  incubat ion systems because of s t ruc ture  l ess  degradable than usual RNA templates. 

When po ly (dAf l ) ,  poly(dAc1) and poly(dAbr) were used as the messenger f o r  po r te in  synthesis, 

these polymers acted as a good messenger f o r  poly(Lys) synthesis. Poly(dAf1) was an espec ia l l y  good 

messenger compared t o  po ly ( rA) .  This f a c t  may suggest that  p ro te in  synthesis requires RNA of ra the r  

we l l  stacked form, and the durat ion o f  t h i s  polynucleot ide against RNase w i l l  be a favorable factor 

for  p ro te in  synthesis.  



Interferon induct ion  by po l y ( r I ) . po l y ( rC )  double-stranded polynucleotides i s  we l l  known. A va r i e t y  

of polynucleot ides were studied i n  searching f o r  a new and e f f e c t i v e  inducer. I n  t h i s  connection 

a rule was presented t h a t  f o r  the induct ion  of i n te r fe ron  a polynucleot ide double strand having 

2 ' 4 3  groups i n  both strands must be necessary. However, we found t h a t  po l y (d I f ) ,  poly(dIc1) and 

poly(dIz)  are very strong inducers i n  var ious in ter feron- induc ing systems. As shown i n  Table V, 

po l y (d I f l ) . po l y ( rC )  was found t o  be the most ac t i ve  compound exceeding t h a t  o f  parent po l y ( r1 ) .  

poly(rC). These resu l t s  again suggested t h a t  po l y (d I f l ) . po l y ( rC )  may be present i n  the react ion  

systems i n  j u s t  such a conformation of po l y ( r I ) . po l y ( rC )  and t h a t  the in ter feron- induc ing system 

does not requ i re  any OH groups i n  a t  l e a s t  one strand o f  RNA. Instead, they recognized t o t a l  

polynucleotide conformation f o r  e f f ec t i ve  induct ion  o f  in ter feron.  I n  order t o  have a d e f i n i t e  

proof f o r  the s t ruc tu re  o f  po ly (d l f ) .po ly ( rC)  i n  so lu t ion ,  we examined the f i b e r  X-ray pa t te rn  o f  

t h l s  compound.32 As shown i n  Fig. 9, the  t o t a l  conformation was very s i m i l a r  t o  the poly( ! - I ) .  

poly(rC) s t ruc ture ,  but  the po l y (d I f 1 )  strand has a somewhat d i f f e ren t  conformation i n  the carbo- 

hydrate moiety, $'-ex0 form, which i s  the a l t e r n a t i v e  3'-endo. I n  add i t i on  t o  t h i s ,  the chemical 

structure res i s tan t  t o  RNaSes may be he lp fu l  f o r  strong a c t i v i t y .  

We concluded, therefore, t ha t  the func t ion  o f  RNA might be determined by i t s  th ree dimensional 

conformation, which was der ived from i t s  chemical s t ruc ture .  

Primary rsbbl! k h c y  rclh 'rupciinducrd' (11. (Cl. c10 1 5  2 1  1.6 4.3 
~ t h  ~ydohnlrn~dr and acrmumynn D (dlR). (Cl. I I 3 7  3 8 4.1 I 4  

ldlcll. [Cl. 1 2  3.4 1 0  I5 1.1 

Hvmon stin fibroblast cell$ '3upc~nduced (I). ICI. < L O  2 5 3 7  4 0  1 0  
w l h  cyrlohoilmldcsnd acmmmysm D IdlR). IC). < 1 0  2 2 6 0 4 1 4 1  

(dlcll. (Cl. c 1.0 I 8  3 1  3 9  4 0 

Vcro d r  'rupdndured wilh (b. (0 - - < I 0  < I 0  G l . 0  
ryslohn~mdc and nninommil D (dl%. (Cl. - - c l . 0  c 1 0  c 1 0  

(dlcl).: ICh - - 0 < l o  C 1 0  

HeLa a l l n ' l u ~ m d u r e d  d.Lh Ill- (0. - 1 2  1.7 2.2 2 0  
ryclohex~rnde and nrllnorngcin D (dlR1. (0. - 1.7 1 0  2.5 2.3 

I d l d l . ~  IC). - 1 5  I 5  2.2 2.7 
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