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NUCLEOSIDES & NUCLEOTIDES, 1(2),  163-171 (1982) 

POLYRIBONUCLEOTIDES. THE ROLE OF A C I D I B A S E  PROPERTIES 
I N  HYDROGEN BOND !NTERACTIONS 

Venkataraman Amarnath and A r t h u r  D. i3room* 

Department o f  Med ic ina l  Chemistry,  Co l l ege  o f  Pharmacy 
U n i v e r s i t y  o f  Utah, S a l t  Lake City, Utah  84112 U.S.A. 

A b s t r a c t  
Three new p o l y r i b o n u c l e o t i d e s ,  po l y (3 -deazaur idy l  i c  a c i d ) ,  p o l y ( 2 -  

f 1 u o r o i  n o s i  n i  c a c i d )  and "po ly  (ri b a v i  r i  n i  c a c i d )  I' were syn thes ized.  
These compounds were designed t o  e x p l o r e  t h e  impor tance and l i m i t s  o f  
t h e  a c i d i c  p r o p e r t i e s  o f  p u t a t i v e  Watson-Crick hydrogen bond ing  p ro tons  
i n  forming duplexes w i t h  complementary po l ynuc leo t i des .  None o f  t hese  
polymers formed such duplexes, t hus  e s t a b l i s h i n g  t h a t  a l i m i t e d  range o f  
a c i  d i  t i e s  i s requ i red. 

I n t r o d u c t i o n  

It i s  by now well-known t h a t  base p a i r  f o r m a t i o n  i n  n u c l e i c  a c i d s  

i nvo l ves  N - H - - 4  or N-H---0 hydrogen bonds. L i t t l e  i s  known, however, 

about t h e  importance o f  N-H bond a c i d i t y  i n  de te rm in ing  t h e  s t a b i l i t y  o f  
these bonds. No at tempt  has been r e p o r t e d  t o  de termine l i m i t s ;  t h a t  i s ,  
t o  i d e n t i f y  compounds which meet a l l  obvious s t r u c t u r a l  requ i rements  f o r  

Watson-Crick i n t e r a c t i o n s  b u t  which have d r a s t i c a l l y  a l t e r e d  N-H bond 

a c i d i t i e s  and do n o t  f o r m  such complexes. I n  o r d e r  t o  address t h i s  

q u e s t i o n  two po lynuc leo t i des ,  p o l y ( 2 - f l u o r o i n o s i n i c  a c i d ) *  and p o l y  

* 2 

s i  n i c  ac id ) ;  po ly (Rv) ,  p o l y ( r i  bav i  r i  n i c  ac id ) ,  t h e  p o l y r i  bonuc leo t i de  o f  

1-6-D-r i  bofuranosyl-1,2,4-tr iazole-3-carboxamide-5'-monophosphate; po l y -  

c3UDP, t h e  5'-mono and diphosphates o f  t h e  r e s p e c t i v e  nucleosides. 

Abbrev ia t i ons  used i n  t h i s  paper a re :  p o l y  ( f l  I ) ,  p o l y ( 2 - f l u o r o i n o -  

(c  3 U), p o l y  (3 -deazaur idy l i c  ac id ) ;  f121MP, f121DP, RvMP, RvDP, c3UMP, 
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164 AMARNATH AND BROOM 

( r i b a v i r i n i c  a c i d )  have been syn thes ized and r e l e v a n t  phys icochemica l  

p r o p e r t i e s  determined. 

An a d d i t i o n a l  c o n s i d e r a t i o n  i s  whether an e n o l i z a b l e ,  r e l a t i v e l y  

a c i d i c  system i n  which carhon i s  i s o s t e r i c a l l y  s u b s t i t u t e d  f o r  n i t r o g e n  

c o u l d  undergo complex fo rma t ion  w i t h  a p u t a t i v e l y  complementary p o l y -  

nuc leo t ide .  As a t e s t  o f  t h i s  p o s s i b i l i t y ,  t h e  p o l y n u c l e o t i d e  o f  t h e  

an t i t umor  agent 3 -deazaur id ine  l S 2  was prepared. 

M a t e r i a l s  and Methods 

a c i d  phosphatase (wheat germ E.C. 3.1.3.2) sp leen phosphod ies terase 
(E.C. 3.1.4.18) and a l k a l i n e  phosphatase c. - c o l i  E.C. 3.1.3.1.). and 

venom phosphodiesterase (E.C. 3.1.4.1) were ob ta ined  f rom P-L 
Biochemicals, Sigma Chemical Co., and Boehr inger Mannheim r e s p e c t i v e l y .  

Thin l a y e r  chromatography was c a r r i e d  ou t  u s i n g  s i l i c a  ge l  coa ted  
aluminum sheets (E. Merck) i n  so l ven t  systems e t h y l  ace ta te -wa te r - l -  
propanol (4:2:1 upper l a y e r ) ,  glyme-water-NH40H (33:3:4), o r  E-propanol- 
NH40H-water (7:1:2). 

values were ob ta ined u s i n g  a Beckrnan DU8 o r  a Cary 15 spectrophotometer. 
C i r c u l a r  d ichro ism spec t ra  were recorded on a Jasco J40A s p e c t r o p o l a r i  - 
meter. Sedimentat ion c o e f f i c i e n t s  were es t imated  w i t h  a Beckman L5-65 
U l t r a c e n t r i f u g e  us ing  5 - 20% sucrose g rad ien ts  and comparing polymer 
sedimentat ion v e l o c i t i e s  w i t h  those of p o l y ( 1 )  standards (P-L B io -  
chemical s ). 

Po lynuc leo t i de  phosphorylase @.luteus, - - -  E. c o l i ,  E.C. 2.7.7.8) and 

U l t r a v i o l e t  spec t ra ,  m e l t i n g  p r o f i l e s  and pKa 

5'-Diphosphates o f  t h e  Nucleosides (FIG.1). 
R i b a v i r i n  5'-phosphate was prepared f o l l o w i n g  t h e  l i t e r a t u r e 3 .  2- 

4 F luo ro inos ine  o r  3 -deazaur id ine l  (1 mmol) was added t o  a s o l u t i o n  o f  

HO OH HO OH HO OH 

RlBAVl RIN 3-  DEAZAURIDINE 2- FLUOFONOSINE 

FIG.  1. Nucleosides o f  polymers. 
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POLYRIBONUCLEOTIDES 165 

phosphoryl c h l o r i d e  (0.2 mL; 2 mmol) i n  t r i e t h y l  phosphate (4  mL) coo led  

t o  -10°C i n  a d r y  ice-2-propanol  bath. The r e a c t i o n  m ix tu re ,  a f t e r  2 h r  
a t  -1O"C, was poured i n t o  1 : l  ether-pentane (100 mL). 
was f i l t e r e d ,  washed w i t h  e t h e r  (2  x 20 mL) and d i s s o l v e d  i n  75 mL o f  

i c e - c o l d  water c o n t a i n i n g  150 mg l i t h i u m  carbonate. The s o l u t i o n  was 
n e u t r a l i z e d  w i t h  1 1  l i t h i u m  hydroxide, concent ra ted  t o  - ca 10  mL, and 

t h e  monophosphate was p r e c i p i t a t e d  as t h e  bar ium s a l t .  

of t h e  nuc leos ides  were conver ted  t o  5 ' -d iphosphates by M iche lson ' s  

p r o c e d ~ r e . ~  The crude produc ts  were p u r i f i e d  on AG-1 x 4 ( c h l o r i d e )  o r  
QAE-Sephadex ( c h l o r i d e )  i n  35 - 40% y i e l d .  

The p r e c i p i t a t e  

The 5'phosphates 

Po lymer i za t i on  o f  5'-Diphosphates. 

The s o l u t i o n  (10 mL) c o n t a i n i n g  0.2 M Tris,HCl (pH 9.0 f o r  RvDP and 
pH. 7.0 f o r  c3  UDP and f121DP) ,  5 mM MgC12 (MnC12 f o r  f121DP), 0.5 nt4 

EDTA, 20 mM 5'-diphosphate,  and M. - -  l u t e u s  p o l y n u c l e o t i d e  phosphorylase 
(1,2, and 5 mg/mL f o r  RvDP, c3 UDP, and f1'IUP r e s p e c t i v e l y )  was i ncu -  

ba ted  a t  37°C. 
phosphate released.6 The r a t e  o f  p o l y m e r i z a t i o n  o f  f121DP was t o o  s low 

t o  fo l l ow .  
f o r  poly(Rv),  poly(c3U),  and p o l y ( f 1 2 1 ) )  was d i l u t e d  5 t imes  w i t h  water  

and e x t r a c t e d  w i t h  5:2 ch lo ro fo rm- i sopen ty l  a l c o h o l  (8  x 25 mL). The 
aqueous s o l u t i o n  c o n t a i n i n g  t h e  polymer was d i a l y z e d  a g a i n s t  0.1 M NaCl 

t 5 mM EDTA (pH 7.5; 8 L )  and water (8 L )  i n  a Dowex b/HFD-1 beaker 
d i a l y s e r  and lyoph i lyzed.  The y i e l d s  were 40% f o r  po ly (Rv)  and 

poly(c3U) and o n l y  10% f o r  p o l y ( f 1 2 1 ) ;  t h e  r e s u l t s  f o r  t h e  l a t t e r  were 
t h e  same whether t h e  l. l u t e u s  o r  E. coli enzyme was used. 

Poly(Rv) was degraded i n  s o l u t i o n  c o n t a i n i n g  0.2 M Tris-HC1 (pH 
9.0), 15 IM MgC12, 0.1 mg polymer, venom phosphodiesterase (1.5 u n i t s )  

and a l k a l i n e  phosphatase (0.3 u n i t ) .  The degradat ion  o f  t h e  o t h e r  two 
polymers was accomplished i n  t h e  same volume o f  s o l u t i o n  c o n t a i n i n g  0.2 
M ace ta te  (pH 4.8), bov ine  spleen phosphodiesterase (0.03 u n i t )  and a c i d  
phosphatase (0.02 u n i t ) .  

day. 
The fo rma t ion  o f  complex was a t tempted by m i x i n g  component polymers 

i n  an approp r ia te  b u f f e r  c o n t a i n i n g  0.10 M NaCl and 0.001 M MgCl?, 
h e a t i n g  t o  70°C f o r  1 h r  and c o o l i n g  ove rn igh t  a t  4°C. The u l t r a v i o l e t  

spectrum o f  t h e  m i x t u r e  was compared w i t h  t h e  spec t ra  o f  t h e  i n d i v i d u a l  

polymers. 

The r e a c t i o n  was f o l l o w e d  by e s t i m a t i n g  t h e  i n o r g a n i c  

The r e a c t i o n  m i x t u r e  ( a f t e r  7, 38, and 120 h r  r e s p e c t i v e l y  

A t  37°C t h e  polymers were degraded w i t h i n  a 
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166 AMARNATH AND BROOM 

Resu l ts  

r e l a t e d  t o  t h e  i o n i c  s t a t e  o f  t h e  aglycones a t  t h e  p o l y m e r i z a t i o n  pH. 

R i b a v i r i n  5 ' -d iphosphate was r e a d i l y  polymerized; FIG.2 shows compara- 

t i v e  p o l y m e r i z a t i o n  curves f o r  RvDP and IDP. The t r i a z o l e  mo ie ty  under-  

goes no i o n i z a t i o n  i n  t h e  pH range (7-10) a t  wh ich  p o l y n u c l e o t i d e  

phosphorylase e x h i b i t s  reasonable p o l y m e r i z i n g  a c t i v i t y .  P o l y m e r i z a t i o n  

was c a r r i e d  o u t  a t  pH 9.0 ( t h e  optimum pH f o r  t h e  M l u t e u s  enzyme). 

Under these c o n d i t i o n s ,  however, no p o l y m e r i z a t i o n  o f  e i t h e r  c UDP o r  

f l 2 I D P  took place. 

OH) and 4.6 ( N  -H), r e s p e c t i v e l y .  Since a t  pH 9 bo th  h e t e r o c y c l i c  bases 

were e s s e n t i a l l y  comple te ly  ion ized,  p o l y m e r i z a t i o n  was under taken a t  pH 

7. As seen i n  FIG. 3, c UDP was e f f e c t i v e l y ,  a l b e i t  s l o w l y ,  po l ymer i zed  

The ease o f  po l ymer i za t i on  o f  t h e  t h r e e  nuc leos ide  diphosphates was 

3 

The pKa values f o r  c3UDP and f1'IDP were de termined t o  be 6.5 (4- 
1 

3 

1 1 I I I I 
5 10 15 20 25 30 

Time (hr) 

FIG. 2. Rate o f  p o l y m e r i z a t i o n  by p o l y n u c l e o t i d e  phosphorylase 
o f  I D P  ( 0 )  and RvDP (0) 
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POLYRIBONUCLEOTIDES 167 

Time, hrs. 

FIG. 3. Rate o f  p o l y m e r i z a t i o n  by polynuc 
o f  UDP (0) and c3UDP ( A )  

eo t  

8.5 

de phosphoryl  ase 

t o  g i v e  a 40% y i e l d  o f  polymer hav ing  a pKa o f  ( i t shou ld  be 

remembered t h a t  t h e  p o l y n u c l e o t i d e  phosphorylase r e a c t i o n  i s  an e q u i l i -  

b r ium one, so t h a t  y i e l d s  i n  excess o f  40 - 50% a r e  seldom obta ined) .  
However, f121DP was s t i l l  most ly  i o n i z e d  even a t  pH 7 so  t h a t  very s low 
reac t i on ,  l ow  y i e l d  (ca. 10%) and low  polymer mo lecu la r  we igh t  were 

observed. 
enzyme a c t i v i t y  f e l l  o f f  very s h a r p l y  a t  lower  pH. 

po l y ( f121 )  was found t o  be 4.8. 

t r i f u g a t i o n  and found t o  correspond t o  s20,w o f  5 f o r  po ly (Rv)  and 10 

f o r  poly(c3U).  

sedimented l e s s  r a p i d l y  than t h e  sma l les t  a v a i l a b l e  p o l y ( 1 )  marker 

(s20,w <2.5). 
be about 8 by s u b j e c t i n g  i t  t o  ge l  f i l t r a t i o n  chromatography on Sephadex 
650 and n o t i n g  t h e  e l u t i o n  volume. A p a r t i a l  a l k a l i n e  d i g e s t  o f  p o l y ( 1 )  

was chromatographed under t h e  save cond i t i ons .  

No advantage r e s u l t e d  f rom l o w e r i n g  t h e  pH below 7, s ince  

The pKa o f  

The molec i i la r  s i z e s  o f  t h e  polymers were es t ima ted  by u l t r a c e n -  

Po ly ( f121)  was o f  much lower  mo lecu la r  weight;  i t  

The average s i z e  of t h e  f121 o l igomer  was determined t o  

The cor respond ing  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
4
1
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



168 AMARNATH AND BROOM 

f r a c t i o n s  were found t o  c o n t a i n  p r i m a r i l y  I8 u s i n g  t h e  p o l y ( C ) ' o l i g o ( I )  
7 m e l t i n g  p r o f i l e s  developed by Ts'o.  

The e f f e c t  o f  temperature upon uv absorbance was s t u d i e d  f o r  each 

Ne i the r  p o l y ( f 1 2 1 )  no r  p o l y ( c  U) showed any s i g n i f i c a n t  3 polymer. 
hyperchromic i ty  i n  t h e  temperature range 2 - 80°C. 

o t h e r  hand, underwent a marked hypochromi c, bathochromic s h i f t  (FIG. 4 )  
d s  t h e  temperature was changed f rom 8 t o  68°C. 

was a l s o  observed w i t h  t h e  f r e e  nucleoside. Measurement o f  t h e  c i r c u l a r  

Poly(Rv), on t h e  

Th is  unusual behav io r  

d i  ch 

1 ack 

comp 
made 

oism spectrum a t  10°C gave v i r t u a l l y  no e l l i p t i c i t y ,  suppor t i ng  t h e  

o f  any s i g n i f i c a n t  secondary s t r u c t u r e  a t  1 ow temperature. 
Each of t h e  polymers was sub jec ted  t o  c o n d i t i o n s  which should f a v o r  

ex fo rma t ion  w i t h  compleinentary po l ynuc leo t i des .  Attempts were 
t o  complex po ly (Rv)  and p o l y ( f 1 2 1 )  w i t h  po l y (C)  and po ly (A )  and 

po ly (c3U)  w i t h  po l y (A )  and poly(G).  
evidence f o r  duplex fo rmat ion  obtained. 

Under no circumstances was any 

D iscuss ion  

o f  po l ynuc leo t i de  phosphorylase t o  a v a r i e t y  o f  aglycones does n o t  
It i s  apparent f rom t h e  da ta  p resented  above t h a t  t h e  a d a p t a b i l i t y  

extend t o  anions such as those o f  c3UDP and f l  2 IDP.  Th is  was somewhat 

0.6 
a 
0 c 
0 e s 
5 0.4 

0.2 

200 220 240 260 280 
Wavelength, nm 

FIG. 4. U l t r a v i o l e t  spec t ra  o f  po l y (Rv )  i n  0.005 M Mops 
(pH 7.2) + 0.1 M NaCl a t  va r ious  temperatures. 
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POLYRIBONUCLEOTIDES 169 

s u r p r i s i n g  i n  view of t h e  success fu l  po l ymer i za t i on  o f  xan thos ine  
diphosphate by Michelson.8 The pKa o f  xan thos ine  i s  5.75 and t h a t  o f  
po l y (X )  i s  about 5.69; nonetheless,  po l ymer i za t i on  o f  XDP proceeded 

r e a d i l y  a t  pH 8.2.l' The o n l y  obv ious  d i f f e r e n c e  i n  t h e  cases i s  i n  t h e  

eno la te  whereas i n  fl I and c IJ  i t  i s  l o c a l i z e d  i n  t h e  Watson-Crick 

hydrogen bonding region. Presumably, then, p o l y n u c l e o t i d e  phosphorylase 
has a nega t i ve  charge o r  d i p o l e  w i t h i n  t h e  a c t i v e  s i t e  s i t u a t e d  i n  such 
a way t h a t  e l e c t r o s t a t i c  repu ls ions  can h i n d e r  b i n d i n g  of anions such as 

f121. I f  a s u b s t a n t i a l  amount o f  n e u t r a l  aglycone can be generated by 

reduc ing  t h e  pH t o  t h e  lowest  l e v e l  t o l e r a t e d  by t h e  enzyme, as i s  t h e  

p o s i t i o n  o f  nega t i ve  charge on t h e  he terocyc le ;  i n  X i t  i s  a t  N 3 2  -0 
9 2 3 

case w i t h  c'UDP, f a c i l e  po l ymer i za t i on  t o  a h i g h  molecu la r  we igh t  

polymer can occur. I f ,  on t h e  o t h e r  hand, even a t  pH 7 t h e  aglycone o f  

t h e  nuc leos ide  diphosphate i s  almost e n t i r e l y  an ion i c ,  low o r  no l e v e l s  
2 o f  po l ymer i za t i on  w i l l  r e s u l t ;  t h i s  i s  t h e  case w i t h  f l  IDP. RvDP, w i t h  

no aglycone i o n i z a t i o n  i n  t h e  pl-l range s tud ied ,  was a very  good 

subs t ra te  f o r  t h e  enzyme. 

i n  t h e  case o f  p o l y ( f 1  I ) ,  t h e  s e l f - a s s o c i a t i o n  and dup lex- fo rming  
p r o p e r t i e s  were studied. No s e l f - a s s o c i a t i o n ,  as demonstrated by an 

inc rease i n  absorbance upon h e a t i n g  cou ld  be demonstrated f o r  any o f  t h e  
t h r e e  polymers. Indeed, po ly (Rv)  showed a marked r e v e r s i b l e  hypochro- 

r n i c i t y  upon h e a t i n g  f rom 8 - 68'C (FIG. 4), e x a c t l y  t h e  oppos i te  o f  t h e  

behav io r  o r d i n a r i l y  observed. The c d  spectrum conta ined o n l y  very  low 

e l l i p t i c i t i e s  and gave no evidence f o r  secondary s t r u c t u r e .  
temperature study was c a r r i e d  o u t  on r i b a v i r i n ,  t h e  nuc leos ide  i t s e l f ,  

and i t s  uv spec t ra  e x h i b i t e d  i d e n t i c a l  behavior.  The o r i g i n  o f  t h i s  

anomaly i s  n o t  understood. 
Since p o l y ( 1 )  i s  well-known t o  fo rm a m u l t i p l e - s t r a n d e d  s e l f -  

a s s o c i a t i o n  h e l i c a l  s t ruc tu re " ,  i t  was i n i t i a l l y  s u r p r i s i n g  t h a t  

p o l y ( f 1  I )  gave no evidence f o r  such a s t r u c t u r e ,  even a t  a pH w e l l  
below i t s  pKa and i n  1.0 M s a l t .  However, a sample o f  p o l y ( 1 )  hav ing  
s i m i l a r  cha in  l e n g t h  was sub jec ted  t o  t h e  same c o n d i t i o n s  and a l s o  

f a i l e d  t o  fo rm a s e l f - a s s o c i a t i o n  complex, suggest ing  t h a t  t h e r e  i s  a 
c r i t i c a l  mo lecu la r  we igh t  g r e a t e r  than 3000 f o r  p o l y ( 1 )  s e l f - a s s o c i a t i o n  

t o  occur. 

Once t h e  polymers were obtained, a l b e i t  w i t h  smal l  mo lecu la r  we igh t  
2 

The same 
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I t  was i n t r i g u i n g  t o  d i scove r  t h a t  none o f  these polymers formed 
complexes w i t h  p o t e n t i a l l y  complementary po l ynuc leo t i des .  I n  t h e  case 

3 o f  po l y (c  U )  t h i s  was n o t  unexpected, s ince  t h e  CH ( o r  - CH2) a t  

p o s i t i o n  3 would be more l i k e l y  t o  h i n d e r  than  t o  p a r t i c i p a t e  i n  
hydrogen bond format ion.  R i b a v i r i n ,  however, seems so s t r u c t u r a  

r e l a t e d  t o  i n o s i n e  t h a t  Watson-Crick t y p e  hydrogen bonding was 
expected. The major d i f f e r e n c e  l i e s  i n  t h e  a c i d i t y  o f  t h e  amide 

(N'-H o f  i nos ine ) ,  f o r  which t h e r e  i s  no i o n i z a t i o n  below pH 11 

N-H 

n 
r i b a v i r i n .  S i m i l a r  l a c k  o f  complementary hydrogen bonding has been 

repo r ted  f o r  5 ,6 -d ihydrourac i l  d e r i v a t i v e s ,  b u t  t h i s  was a t t r i b u t e d  
p r i m a r i l y  t o  d i s r u p t i o n  i n  s t a c k i n g  r e s u l t i n g  f rom convers ion  f rom 

p lana r  t o  h a l f - c h a i r  py r im id fne  conformations.'* That amb igu i t y  i s  
removed i n  t h e  case o f  po ly (Rv) ,  l e a v i n g  reduced hydrogen-bonding 

capac i t y  as t h e  probab le  cause f o r  t h e  observed l a c k  o f  dup lex  
fo rmat  i on. .-. 

The reverse  s i t u a t i o n  was observed i n  t h e  case o f  p o l y ( f l L I ) .  The 
r e l a t i v e l y  s h o r t  cha in  l e n g t h  minimized t h e  usua l  marked p o l y m e r i z a t i o n  

i nc rease  i n  a c i d i c  pKa and t h e  p o l y n u c l e o t i d e  was e s s e n t i a l l y  f u l l y  
a n i o n i c  i n  bo th  base and phosphate mo ie t i es  even a t  pH 7. 
expected t o  be t h e  Complementary po l ynuc leo t i de ,  b u t  p r o t o n a t i o n  and 
duplex fo rma t ion  below pH 5.5 have been r e p o r t e d  f o r  poly(C).13 As 

migh t  have been expected, then, no complex fo rma t ion  c o u l d  be demon- 
s t r a t e d  across a pH range o f  4.8-6 o t h e r  than t h e  p ro tona ted  double 

h e l i x  f o rma t ion  o f  po ly (C)  below pH 5.8. 
lower (4.5)14 than t h a t  o f  poly(C), a t tempts  were made t o  complex i t  

w i t h  p o l y ( f 1  I )  over t h e  pH range 3.8 - 4.8. 
complex fo rma t ion  o r  po l y (b r5C)  double h e l i c e s  were observed. 

was p o s s i b l e  t h a t  t h e  l a c t i m  fo rm o f  po l y ( f121 )  m igh t  predominate i n  t h e  

n e u t r a l  pur ine ,  m ix tu res  w i t h  po ly (U)  were s t u d i e d  a t  pH 3. 
fo rmat ion  c o u l d  be demonstrated. Th is  i s  n o t  s imp ly  a f u n c t i o n  o f  c h a i n  

length ,  s ince  hexa inos ina te  forms a duplex w i t h  p o l y  ( C )  m e l t i n g  a t  

Poly(C) was 

Since t h e  pKa of po ly (br5C)  i s  

2 Again, however, e i t h e r  no 
Since i t  

No complex 

1 6.8"C. 7 

These s t u d i e s  have e s t a b l i s h e d  t h a t  l i m i t s  e x i s t  on t h e  degree o f  
N-H bond a c i d i t y  r e q u i r e d  f o r  t h e  fo rma t ion  o f  complementary double 

stranded he l i ces .  I f  t h e  a c i d i t y  i s  t o o  g rea t  ( f l  I )  t h e  polymer a c t s  
on l y  as a p ro ton  donor; i f  n o t  g r e a t  enough (Rv) t h e  p u t a t i v e  hydrogen 

bonds are  t o o  weak t o  i n i t i a t e  double h e l i x  fo rmat ion .  
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