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P r e f a c e

"Two p r i n c i p l e s  a r e  n e c e s s a r y  so  t h a t  l i f e  s h a l l  s u c c e e d :

One c o n s i s t s  o f  p r o t e i n s ,  t h e  o t h e r  o f  n u c l e i c  a c i d s . " T h ese  

s ta t e m e n t s  w ere  made "by D r. J .  T h e o r e l l  w h ile  i n t r o d u c i n g  th e  

N obel P r i z e  w in n e r s  i n  P h y s io lo g y  an d  K e d ic in e  i n  1959 • They 

a p p r o p r i a t e l y  c h a r a c t e r i z e  t h e  s i g n i f i c a n c e  o f  th e s e  c e l l  con

s t i t u e n t s  w h ich  m u st b e  p r e s e n t  f o r  an y  c e l l  t o  f u n c t i o n .  Be

c a u s e  o f  t h e i r  v i t a l  im p o r ta n c e  t o  l i f e ,  an y  p ro b e  i n t o  th e  

f u r t h e r  u n d e r s t a n d in g  o f  t h e i r  p r o p e r t i e s  a n d  f u n c t i o n a l  c h a r 

a c t e r i s t i c s  i s  q u i t e  j u s t i f i e d .  The im p o r ta n c e  o f  p r o t e i n s  a s  

r e l a t e d  t o  l i v i n g  sy s te m s  h a s  lo n g  b een  a p p r e c i a t e d ,  w h i le  th e  

im p o r ta n c e  o f  th e  n u c l e i c  a c i d s  h a s  o n ly  b e e n  a p p r e c i a t e d  i n  

r e c e n t  t im e s .

N u cle ic  a c id s  were d isco v e re d  in  1869 by F r ie d r ic h  K iesch er , 

who i s o la t e d  a m a te r ia l from p u s -c o n ta in in g  bandages which con

s i s t e d  la r g e ly  o f  n u c le i .  He named th e  su b sta n ce , " n u c le in " .

I n  h i s  s t u d i e s ,  he  fo u n d  t h a t  th e  m a t e r i a l  c o n ta in e d  l a r g e  

am o u n ts  o f  p h o s p h a te  an d  w as a c i d i c  i n  c h a r a c t e r .  He a l s o  fo u n d  

t h a t  n u c l e i n  w as s o lu b le  i n  a l k a l i  b u t  i n s o l u b l e  i n  a c i d .

The term " n u c le ic  a c id s"  v/as in trod u ced  by Altman in  1889 

and in  subsequent y ea rs  s e v e r a l  o f  th e  n u c le ic  a c id  c o n s t i tu e n ts  

were i s o la t e d  and i d e n t i f i e d .  The most d is t in g u is h in g  fe a tu r e



w h ic h  s e e n e d  t o  s e p a r a t e  irwo d i f f e r e n t  ty p e s  o f  n u c l e i c  a c i d s  

w h ic h  w ere  i s o l a t e d  was th e  s u g a r  m o ie ty .  I n  1909» L ev en e  and  

J a c o b s  i d e n t i f i e d  th e  s u g a r  i n  n u c l e i c  a c i d s  t o  b e  th e  a ld o p e n -  

t o s e ,  r i b o s e .  I n  f u r t h e r  s t u d i e s  th e y  fo u n d  t h a t  th e  s u g a r ,  

d e o x y r ib o s e ,  v/as p r e s e n t  i n  some n u c l e i c  a c i d s  w h ich  w ere  i s o 

l a t e d .  The s u g a r  m o ie ty  v/as th u s  u s e d  to  c l a s s i f y  th e s e  

ty p e s  o f  n u c l e i c  a c i d s ,  HNA ( n u c l e i c  a c i d s  c o n t a i n i n g  r i b o s e )  

an d  DNA ( n u c l e i c  a c i d s  c o n ta in in g  d e o x y r ib o s e ) .

I t  w as f i r s t  b e l i e v e d  t h a t  RI'TA v/as fo u n d  o n ly  i n  p l a n t s ,  

w h i le  DKA v/as fo u n d  o n ly  i n  a n im a ls .  T h is  v/as shov/n t o  be  i n 

c o r r e c t  a s  i t  v/as f i r m ly  e s t a b l i s h e d  t h a t  b o th  ty p e s  o f  n u c l e i c  

a c i d s  o c c u r  i n  a l l  l i v i n g  c e l l s .

I n  19^ 0 , C a s p e rs s o n  d e v e lo p e d  a  p ro c e d u re  w h ereb y  t h e  p r e 

s e n c e  o f  n u c l e i c  a c i d s  c o u ld  be d e t e c t e d  by  o b se .rv in g  an  a b s o r 

b a n ce  i n  th e  u l t r a v i o l e t  ra n g e  o f  t h e  l i g h t  s p e c tru m  ( a ro u n d  

260nm ). T h is  p ro v e d  to  be a  v a l u a b l e  a n a l y t i c a l  t o o l  i n  some 

o f  t h e  c o n t in u e d  s t u d i e s  o f  n u c l e i c  a c i d  c h e m is t r y .

F u r th e r  r e s e a r c h  on t h e 'n u c l e i c  a c i d s  showed t h a t  DNA was 

th e  im p o r ta n t  ty p e  o f  n u c l e i c  a c id  w i th  r e g a r d  to  in f o r m a t io n  

C a r r y in g  a b i l i t y  and  t h a t  i t  was an  i n t e g r a l  p a r t  o f  t h e  chrom o

som e. ANA was fo u n d  t o  p l a y  a  d e c i s i v e  r o l e  i n  p r o t e i n  b io s y n 

t h e s i s  (C a s p e rs s o n  & B r a c h e t ,  1 9 7 ^ )•  Num erous s t u d i e s  on v i r u s e s  

f u r t h e r  s u b s t a n t i a t e d  th e  v i t a l  b i o l o g i c a l  r o l e  o f  DNA.

As b i o l o g i c a l  s t u d i e s  w ere  b e in g  c a r r i e d  o u t ,  s e v e r a l  

c h e m ic a l  i n v e s t i g a t i o n s  by  su c h  w o rk e rs  a s  C h a r g a f f ,  Todd, and
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V Jilkins, l a i d  tile  groundwork fo r  th e  s tr u c tu r a l  m odel o f  DNA 

proposed  by B atson and C rick  in  1953*

•This d i s s e r t a t i o n  i s  w r i t t e n  t o  p r e s e n t  some o f  th e  i n v e s 

t i g a t i o n s  w h ic h  I  h av e  c a r r i e d  o u t  i n  s e a r c h  o f  a  b e t t e r  u n d e r 

s t a n d i n g  o f  a  s m a l l ,  a l th o u g h  s i g n i f i c a n t  ( a t  l e a s t  a c a d e m ic a l ly ) , 

a r e a  o f  n u c l e i c  a c i d  c h e m is t r y .  The d i s s e r t a t i o n  i s  d iv id e d  i n t o  

t h r e e  p a r t s ,  e a c h  p a r t  c l o s e l y  r e l a t e d  t o  th e  o t h e r s .  The f i r s t  

p a r t  d e a l s  w i th  t h e  p o l y n u c l e o t i d e  a ro u n d  w h ich  th e  e n t i r e  s tu d y  

r e v o l v e s ,  t h e  c o n f o r m a t io n a l  an d  p h y s i c a l  p r o p e r t i e s  o f  p o l y -  

c y t i d y l i c  a c i d .  The se c o n d  p a r t  d e a l s  w i th  th e  co m p lex es  fo rm ed 

b e tw e e n  P o ly  C an d  deoxyguano  s i n e , an d  b e tw e en  P o ly  ü  an d  a d e n o s in e  

a s  a  f u n c t io n  o f  pH. P a r t  t h r e e  d e a l s  w i th  th e  a f f e c t s  o f  chem

i c a l  m o d i f i c a t i o n  o f  P o ly  C ( w i th  t h e  m u ta g e n ic  a g e n t s  h y d r o x y l-  

a ra ine  and  n i t r o u s  a c i d )  on d e o x y g u a n o s in e  an d  a d e n o s in e  b in d in g  

p r o p e r t i e s .  T hese s t u d i e s  w ere  c a r r i e d  o u t  i n  o r d e r  to  g e t  a  

b e t t e r  u n d e r s t a n d in g  o f  t h e  a c t i o n  o f  m u ta g en s  i n  a  d e f in e d  

p o l y n u c l e o t i d e  s y s te m .
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PART I

THE PHYSICAL AND CCNFCRBÎATICNAL PROPERTIES 

OF POLYCYTIDYLIC ACID

CHAPTER I  

INTRODUCTION AND LITERATURE REVIEW

The h io p o ly m e r  a ro u n d  w h ich  t h i s  e n t i r e  r e s e a r c h  p r o j e c t  

r e v o l v e s ,  i s  t h e  h o m o r ib o p o ly n u c le o t id e ,  p o l y c y t i d y l i c  a c i d .  

P o l y c y t i d y l i c  a c i d  (P o ly  C) i s  a  s y n t h e t i c  RNA m o le c u le  w h ich  

i s  com posed s o l e l y  o f  c y to s in e  r e s i d u e s  a s  t h e  c o n s t i t u e n t  

p y r im id in e  n i t r o g e n  b a s e s .  S y n t h e t i c  p o l y n u c l e o t i d e s  a r e  o f  

c o n s id e r a b l e  i n t e r e s t  b e c a u s e  o f  t h e i r  c lo s e  r e l a t i o n  t o  th e  

n a t u r a l l y  o c c u r r in g  n u c l e i c  a c i d s .  B o th  th e  n a t u r a l  an d  s y n th e 

t i c  p o ly m e rs  a r e  o f te n  c a p a b le  o f  a s su m in g  m ore th a n  one con

f o r m a t io n .^  The s t r u c t u r e s  an d  h y d ro g en  b o n d in g  schem es o f  th e  

h o m o h e lic e s  fo rm ed  by  P o ly  C an d  P o ly  U ( p o l y u r i d y l i c  a c id )  

a r e  o f  g r e a t  i n t e r e s t  i n  v iew  o f  th e  f a c t  t h a t  th e y  a r e  b o th

b io c h e m ic a l ly  a c t i v e  i n  th e  s y n t h e s i s  o f  p o ly p e p t id e s  by th e
2-A

r ib o s o m a l  sy s te m  o f  E ^ c o l l .
P o ly  C h a s  b een  shown t o  be a  good m o d el f o r  t h e  s tu d y

o f  th e  c o n fo rm a tio n s  o f  p o ly n u c le o t id e s  i n  s o l u t i o n . ^  T h is

hom opolym er h a s  b een  shown to  e x i s t  i n  one o f  two p r i n c i p a l

c o n f o r m a t io n a l  s t a t e s  u n d e r  c e r t a i n  p h y s i o l o g i c a l  c o n d i t i o n s .

A t a c i d  pH (pH 3 * 5 -5 * 5 ) P o ly  C h a s  b een  shown t o  e x i s t  i n  a

d o u b le  h e l i c a l  c o n fo rm a tio n  s t a b i l i z e d  by c y to s in e  b a s e  s t a c k in g
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i n t e r a c t i o n s  a n d  b y  t h e  f o rm a t io n  o f  t h r e e  h y d ro g e n  b o n d s  b e tw e en  

e a c h  c y to s in e  b a s e  p a i r .  ~ ^  A t pH v a lu e s  n e a r  n e u t r a l i t y .  P o ly  

C h a s  b e e n  shown t o  e x i s t  a s  a  s i n g l e - s t r a n d e d  h e l i x  s t a b i l i z e d

p r i m a r i l y  b y  c y to s in e  b a s e  s t a c k i n g  i n t e r a c t i o n s  a lo n g  th e  p o l y -

e o r  £
15,16

m er c h a in .  U nder c o n d i t i o n s  o f  e x tre m e  a l k a l i n e  o r  a c i d  pH,

P o ly  C assu m es  n o  r e g u l a r i t y  i n  i t s  c o n f o rm a t io n .

The D ouble  H e l i c a l  Form o f  P o ly  C

The d o u b le  s t r a n d e d  h e l i c a l  fo rm  o f  P o ly  C e x i s t s  i n  s o lu 

t i o n  u n d e r  c o n d i t i o n s  o f  a c i d  pH (pH 3 * 5 -5 * 5 ) a s  e v id e n c e d  by

h y d ro d y n a m ic , ^ p o la r im e t r ic ,- ^  o p t i c a l  r o t a t o r y  d i s p e r s i o n ,  ’
6 7 9c i r c u l a r  d ic h r o is m , u l t r a v i o l e t  a b s o r p t i o n , '* ^ ’ a c id - b a s e

t i t r a t i o n , i n f r a r e d  a b s o r p t i o n , a n d  Raman s p e c t r a l  s t u d i e s .  

The e v id e n c e  s u p p o r t s  t h e  m odel o f  P o ly  C a t  a c i d  pH a s  a  d o u b le  

h e l i c a l  p o ly n u c le o t id e  i n  w h ich  two s t r a n d s  a r e  s t a b i l i z e d  by 

t h e  f o rm a t io n  o f  t h r e e  h y d ro g e n  b o n d s  b e tw e e n  e a c h  a d j a c e n t  

p a i r  o f  c y to s in e  r e s i d u e s  e x i s t i n g  i n  a  p a r a l l e l  c o n f i g u r a t i o n .

The s u g g e s te d  b in d in g  schem e f o r  a  c y t o s i n e  b a s e  p a i r  u n d e r  

c o n d i t i o n s  o f  a c i d  pH i s  shown i n  F ig u re  1 . The s i n g l e  m o st 

im p o r ta n t  f a c t o r  i n  b r in g i n g  a b o u t  t h i s  c o n fo rm a tio n  i s  th e  p r o 

t o n a t i o n  o f  th e  N3 e n d o c y c l ic  n i t r o g e n . _

X - ra y  D i f f r a c t i o n  E v id e n c e  Su-p-porting D u n lex  P o ly  C
1 ‘L a n g r id g e  an d  R ic h  r e p o r t e d  an  x - r a y  d i f f r a c t i o n  s tu d y  o f

P o ly  C a t  a c i d  pH w h ich  s t r o n g l y  s u p p o r t s  i t s  e x i s t e n c e  a s  a

d o u b le  h e l i c a l  p o ly n u c l e o t i d e .  The d i f f r a c t i o n  p a t t e r n  h a s

—2—



IL Chain
R — H---- 0^ ^

Q— Q C — N

H — Q C ------ H

/  \  /
/  \  /

/  6 ----- -H— n '

Chain K
F ig u r e  1 . S u g g es ted , hase-pairing scheme between two cytosine , 

bases in polycytidylic acid under conditions of acid pH.

17
c h a r a c t e r i s t i c  f e a t u r e s  w h ich  s u g g e s t  a  h e l i c a l  c o n fo rm a tio n * ' 

a n d  t h e r e  a p p e a r  t o  b e  12 c y to s in e  r e s i d u e s  p e r  t u r n  o f  th e  h e l i x .  

The d ia m e te r  o f  th e  h e l i x  i s  a p p r o x im a te ly  13*5 Â, s u g g e s t in g  

a  d u p le x  s t r u c t u r e  (b a s e d  on t h e  known d ia m e te r  o f  d o u b le - s t r a n d e d  

DKA, h a v in g  a  p u r in e - p y r im id in e  b a s e - p a i r  d ia m e te r  o f  c a .  20 A}. 

The s t r a n d s  a p p e a r  t o  be  p a r a l l e l  t o  e a c h  o t h e r  an d  a r e  r e l a t e d  

b y  a  tw o - f o ld  a x i s  o f  r o t a t i o n .  The c y t i d y l i c  a c i d  r e s i d u e s  

a r e  a p p r o x im a te ly  3 . 1  k  a p a r t  an d  s a m e - s t r a n d  n e ig h b o r in g  r e s i 

d u e s  a r e  r o t a t e d  by  30 d e g r e e s .  The d a t a  s t r o n g l y  s u p p o r t s  t h e  

p ro p o s e d  c y t o s i n e  b a s e - p a i r i n g  schem e a s  shown i n  F ig u re  1 .

T h is  ty p e  o f  b a s e  p a i r i n g  h a s  b e e n  o b s e rv e d  i n  th e  s t r u c t u r e  o f
20c y t o s i n e - 5 - a c e t i c  a c i d .

The a d d i t i o n  o f  p r o to n s  a p p a r e n t l y  i s  t h e  s i n g l e  m o st im 

p o r t a n t  f a c t o r  i n  b r in g i n g  a b o u t  t h i s  o r d e r e d  form  o f  th e  p o ly m e r . 

T h re e  h y d ro g e n  bonds r e s u l t  a s  a  c o n se q u e n c e  o f  th e  a d d i t i o n  

o f  one  p r o to n  f o r  e v e ry  two c y to s in e  r e s i d u e s .  T h is  ty p e  o f  

h y d ro g e n  b o n d in g  e x p l a i n s  t h e  n e e d  f o r  an  i n c r e a s e d  l e v e l  o f  

p r o t o n a t i o n  i n  th e  f o r m a t io n  an d  s t a b i l i z a t i o n  o f  th e  d o u b le  

h e l i c a l  form  o f  P o ly  C. I t  w as fo u n d  t h a t  a l t e r i n g  t h e  pH from
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5 .5  t o  3*0 r e s u l t e d  i n  a  d r a s t i c  d i s o r d e r  i n  th e  x - r a y  p a t t e r n s ,  

s u g g e s t in g  t h a t  p r o t o n a t i o n  o f  b o th  c y to s in e  r e s i d u e s  i n  e a c h  

b a s e  p a i r  o f  th e  d o u b le  h e l i x  c a u s e d  a  b r e a k -u p  o f  t h e  tw o - f o ld  

r o t a t i o n  a x i s  o f  sym m etry  due t o  l i k e - c h a r g e  r e p u l s i o n .  The 

r e s u l t i n g  s t r u c t u r e  p r o b a b ly  e x i s t s  a s  a  d is o r d e r e d  c o i l .

The S i n g l e - H e l i c a l  Form o f  P o ly  C

I n  1976 A m o t t  e t  a l  p r e s e n t e d  x - r a y  f i b r e  d i f f r a c t i o n  

d a t a  t h a t  show s P o ly  C t o  e x i s t  a s  a  s i n g l e - s t r a n d e d ,  r i g h t -  

h a n d e d  6 - f o l d  h e l i c a l  s t r u c t u r e  a t  pH 7 .0 .  T h e re  a p p e a r s  to  

be  n o  h y d ro g e n  b o n d in g  b e tw ee n  b a s e s  an d  t h e  m o le c u la r  s t r u c t u r e  

i s  a p p a r e n t l y  s t a b i l i z e d  p r i m a r i l y  by  b a s e - s t a c k i n g  i n t e r a c t i o n s .  

I n  t h i s  s i n g l e  h e l i c a l  fo rm  o f  P o ly  C, th e  r i n g  n i t r o g e n  o f  one 

b a s e  l i e s  o v e r  th e  c e n t e r  o f  th e  p r e c e e d in g  r in g .*  T h e re  a p p e a r  

t o  b e  no  d i r e c t  i n t e r a c t i o n s  be*tween b a s e s  o f  n e ig h b o r in g  m o le 

c u l e s .  The o n ly  i n t e r m o l e c u l a r  i n t e r a c t i o n s  a r e  s e e n  i n  th e  

h y d ro g e n  b o n d in g  p o t e n t i a l  o f  r i b o s e  h y d ro x y l g ro u p s  on a l t e r 

n a t e  c y t i d i n e  r e s i d u e s .
O

Fasm an e t  a l .  d e d u ce d  from  o p t i c a l  r o t a t o r y  d i s p e r s i o n  

m e a su re m e n ts  t h a t  th e  c o n fo rm a tio n  o f  P o ly  C a t  n e u t r a l  pH 

i s  h ig h ly  o r d e r e d .  T hese  w o rk e rs  p ro p o s e d  a  s i n g l e - s t r a n d e d  

h e l i c a l  s t r u c t u r e  w h ic h  w as s t a b i l i z e d  by  c y to s in e  s t a c k in g  

i n t e r a c t i o n s  a lo n g  th e  p o ly m e r c h a i n .

C . D. .  O . R . D . . an d  UV A b s o rp t io n  S tu d ie s  on P o ly  C

I n  1 9 6 7 , Brahms e t  a l . ^  p r e s e n t e d  c i r c u l a r  d ic h ro is m  an d  

u l t r a v i o l e t  a b s o r p t io n  d a t a  on P o ly  C s o l u t i o n s  a t  pH k - .S  and  7*0
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A t pH ^ . 5 » th e  C .D . c u rv e  i s  com posed o f  a  p o s i t i v e  an d  a  

n e g i t i v e  b an d  w i th  a  Jtmax a t  287nm an d  a  /im in a t  265nm ( s e e  

F ig u r e  2 ) .  The i n f l e c t i o n  p o i n t  i s  a t  /^2?^» w h ich  a g r e e s  w i th  

t h e  w a v e le n g th  o f  th e  UV a b s o r p t io n  max o f  th e  m ain  b an d  o f  P o ly  

C a t  t h i s  pH. A t pH 7*0,  t h e  C.D.  sp e c tru m  i s  com posed o f  one 

m ain  band  c e n te r e d  a t  276mm. I t  can  b e  r e a d i l y  s e e n  t h a t  th e  

spectzTum o f  P o ly  C a t  pH 7*0 i s  q u i t e  d i f f e r e n t  from  t h a t  s e e n  

a t  pH 4 .5 *  The UV sp e c tru m  a t  n e u t r a l  pH can  a l s o  be  e a s i l y  

d i s t i n g u i s h e d  from  th e  sp e c tru m  o f  P o ly  C a t  th e  a c i d  pH v a l u e .

A t pH 7*0 , th e  UV a b s o r p t io n  s p e c tru m  h a s  one m ain  b an d  c e n te r e d  

a t  268nm w i th  a  s h o u ld e r  a t  225nm. As can  b e  s e e n ,  t h e  p o s i t i o n  

o f  t h e  maximum o f  th e  C.D.  b an d  i s  s h i f t e d  t o  s h o r t e r  w a v e le n g th s  

n a r a l l e l  w i th  th e  s h i f t  o f  th e  a b s o r n t io n  band  m axim a.

CD

20
4 .0

12

u
(Û

IiH
w

-4

0 250 290 330
W av e len g th  À (nm)

UV

4 .0

X

w

250 290 330
W av elen g th  A (nm)

F ig u re  2 . C i r c u l a r  d i c h r o ic  an d  UV a b s o r p t io n  s p e c t r a  o f  P o ly  C 
a t  pH 4 .0  ( in  0 .1  D.1 N aC l, O.0 5  % a c e t a t e )  an d  a t  pH 7«5 
( i n  0 .1  M KF, 0 .0 1  K T R IS ); C.D.  s p e c t r a  a t  0*C,  ÛV a b s o r p 
t i o n  s p e c t r a  a t  25*C. (Brahm s I 9 6 7 ) .
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One can  g e n e r a l l y  u s e  t h e  sh a p e  o f  th e  UV a n d /o r  C .D . s p e c t r a  

t o  p r e d i c t  t h e  m a jo r  fo rm  o f  P o ly  C p r e s e n t  i n  s o l u t i o n .  The 

C.D.  s p e c tru m  s h i f t e d  t o  t h e  l o n g e r  w a v e le n g th s  i s  c h a r a c t e r 

i s t i c  o f  t h e  p r o to n a te d  fo rm  o f  c y t i d i n e  com pounds, an d  th e  

p r e s e n c e  o f  a d j a c e n t  p o s i t i v e  a n d  n e g i t i v e  c i r c u l a r  d i c h r o i c  

b a n d s  r e f l e c t  t h e  f o r m a t io n  o f  t h e  d o u b le - s t r a n d e d  h e l i c a l  fo rm  

o f  P o ly  C. The UV s p e c t r a  a t  t h e  tw o pH v a lu e s  a r e  c h a r a c t e r 

i s t i c a l l y  d i f f e r e n t  i n  y^max, /^m in, a m p l i tu d e ,  an d  i n  t h e  p r e s e n c e  

o r  a b s e n c e  o f  t h e  s h o u ld e r  a t  \ Z 2 S .

T hese c i r c u l a r  d i c h r o i c  s p e c t r a  a r e  i n  g e n e r a l  a g re e m e n t 

w i t h  t h e  o p t i c a l  r o t a t o r y  d i s p e r s i o n  d a t a  o b s e rv e d  f o r  P o ly  C 

b y  Fasm an e t  a l . ^  S a r o c c h i  e t  a l . , a n d  G u sc h lb a u e rP ^  T hese  

s t u d i e s  s u g g e s t  t h a t  P o ly  C a t  pH 7 .1  a n d  ^ .1  e x i s t '  a s  h i g h l y  

o r d e r e d  a sy m m e tr ic  h e l i c a l  s t r u c t u r e s .  The h e l i c a l  s t r u c t u r e  

a t  t h e  n e u t r a l  pH i s  a p p a r e n t l y  m a in ta in e d  i n  t h e  a b s e n c e  o f  

h y d ro g e n  b o n d in g .

The an o m alo u s  r o t a t o r y  d i s p e r s i o n  ( t h e  C o tto n  e f f e c t )  i s

known t o  o c c u r  n e a r  ( o p t i c a l l y * a c t i v e )  a b s o r p t io n  b a n d s ; th u s

a n y  ch rom ophore  may e x h i b i t  a  C o tto n  e f f e c t  when l o c a t e d  i n  a
o h

d isy m m e tr ic  e n v iro n m e n t.  H e l i c a l  p o ly m e rs  hav e  b e en  shown 

t o  d i s p l a y  C o tto n  e f f e c t s  w h ich  a r e  l o s t  v/hen th e  h e l i x  i s  d e 

n a t u r e d  o r  d e s t r o y e d . S i m i l a r  C o tto n  e f f e c t s  a r e  o b s e rv e d  

w i t h  P o ly  C s o l u t i o n s ,  s u g g e s t in g  a  h ig h  d e g re e  o f  asym m etry
P

an d  a  h ig h ly  o r d e re d  s e c o n d a ry  s t r u c t u r e  b o th  a t  pH 4-. 1 a n d  7 .1 ,

The o p t i c a l  r o t a t o r y  d i s p e r s i o n  o f  P o ly  C an d  CMP a r e  shown i n  

F ig u r e  3 . A p o s i t i v e  C o tto n  e f f e c t  i s  o b s e rv e d  a t  b o th  pH 4 .1  

a n d  7 .1 ,  i n d i c a t i n g  h i g h l y  o r d e r e d  a sy m m e tr ic  s t r u c t u r e s .  H ow ever,
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F ig u r e  3 . O p t i c a l  r o t a t o r y  d i s p e r s i o n  on P o ly  C an d  CMP. P o ly  
C: a t  pH 7 .1  ( c i t r a t e  b u f f e r ) ,  c u rv e  A; a t  pH 4 .1  ( 0 . 1  M 
a c e t a t e  b u f f e r ) ,  c u rv e  D . CMP: a t  pH 7«1 ( c i t r a t e  b u f fe r )»  
c u rv e  B; a t  pH 4 .1  ( 0 . 1  M a c e t a t e  b u f f e r ) ,  c u rv e  C. [m 'j 
i s  t h e  m ean r e s i d u e  r o t a t i o n .  (Fasm an e t  a l .  1 9 6 4 ) .

t h e  ORD s p e c t r a l  p a t t e r n s  a r e  in d e e d  d i f f e r e n t  a t  t h e  two pH 

v a l u e s ,  i n d i c a t i n g  t h a t  t h e  tw o sa m p le s  c o n ta in  d i f f e r i n g  co n 

f o rm a t io n s  o f  P o ly  C. T h e se  s t u d i e s  s u g g e s t  t h a t  s o l u t i o n s  o f  

P o ly  G, u n d e r  c o n d i t i o n s  o f  n e u t r a l  an d  a c i d  pH, e x i s t  a s  h ig h ly  

o r d e r e d  a sy m m e tr ic  s t r u c t u r e s  ( p r o b a b ly  h e l i c a l ,  a l th o u g h  

d i f f e r e n t  h e l i c a l  s p e c i e s ) . T h e se  f i n d i n g s  s u p p o r t  t h e  x - r a y  

d i f f r a c t i o n  s t u d i e s  w h ic h  show d o u b le  h e l i c a l  a n d  s i n g l e  h e l i 

c a l  c o n fo rm a tio n s  o f  P o ly  C a t  pH 4 .5  an d  7 . 0 ,  r e s p e c t i v e l y .
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?Iv~aochromism i n  P o ly  Ç

The ch an g e  i n  l i g h t  a b s o r p t i o n  w h ic h  o c c u r s  when a  p o ly n u c le o t id e  

s u c h  a s  P o ly  C, u n d e rg o e s  a  c o n f o r m a t io n a l  ch an g e  fro m  an  o r d e r e d  

( n a t i v e )  s t a t e  t o  a  l e s s  o r d e r e d  ( d e n a tu r e d )  s t a t e ,  i s  a  r e s u l t  

o f  d i p o l e - d i p o l e  i n t e r a c t i o n s  in d u c e d  i n  th e  ch ro m o p h o res  

( n i t r o g e n  b a s e s )  by  t h e  i n c i d e n t  l i g h t . T h e  d e c r e a s e  i n  a b 

s o rb a n c e  ( p e r  ch ro m o p h o re ) o b s e rv e d  i n  a n  o r d e re d  p o ly n u c le o t id e  

a s  com pared  t o  t h a t  e x h i b i t e d  b y  i t s  c o n s t i t u e n t  ch ro m o p h o re s , 

i s  known a s  hyp o c h r  omi sm. C o n v e r s e ly ,  t h e  i n c r e a s e  i n  a b s o r 

b a n c e  ( p e r  ch ro m o p h o re ) o b s e rv e d  upon  d é n a t u r a t i o n  o f  a n  o r d e re d  

p o ly m e r  i s  known a s  h y p e rc h ro m ism .

The hypochrom ism  phenom enon i n  p o ly n u c l e o t i d e s  h a s  b een  

e x p la in e d  i n  te rm s  o f  d ip o le  i n t e r a c t i o n s  among t h e  s ta c k e d  

n i t r o g e n  b a s e s , o v e r l a p  o f  p i  o r b i t a l s  o f  t h e  s ta c k e d  b a s e s ,

t a u to m e r i c  b a s e  s h i f t s , p h y s i c a l  s h i e l d i n g  o f  t h e  b a s e s
3Q 40—41fro m  one a n o t h e r , a n d  g e o m e t r ic a l  o r i e n t a t i o n  o f  t h e  b a s e s .

H ypochrom ism  i n  P o ly  C i s  th o u g h t  t o  be p r i m a r i l y  th e  r e s u l t  

o f  c y t o s i n e  b a s e  s t a c k i n g  i n t e r a c t i o n s  a lo n g  t h e  p o ly m e r  c h a in .

The UV s p e c tru m  o f  P o ly  C show s t h e  a b s o r p t i o n  a t  t h e  m ain  a b 

s o r p t i o n  b an d  (270nm) t o  be c o n s id e r a b ly  l e s s  th a n  t h e  sum o f  

t h e  a b s o r p t i o n s  o f  t h e  c o n s t i t u e n t  n u c l e o t i d e s  (C J lP 's ) .  Upon 

s t r u c t u r i n g  an  o r d e re d  p o ly m e r from  a  g ro u p  o f  ran d o m ly  o rd e re d  

monom er m o le c u le s ,  t h e r e  i s  a  d e c r e a s e  i n  t h e  o s c i l l a t o r  s t r e n g t h
* Q

o f  t h e  p i —* p i  e l e c t r o n i c  t r a n s i t i o n . ^  I n  a  s o l u t i o n  o f  u n o rd e re d  

m onom eric  u n i t s ,  t h e  t r a n s i t i o n  m om ents a r e  ran d o m ly  o r i e n t e d  

w i t h  r e s p e c t  t o  e a c h  o t h e r  an d  c o n s e q u e n t ly ,  t h e r e  i s  no  e f f e c t  

on t h e  s p e c tru m . I f  t h e s e  t r a n s i t i o n  m om ents h ap p e n e d  to  be .
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c o l i n e a r ,  t h e  r e s u l t  w ou ld  be  a n  i n c r e a s e  i n  a b s o r p t io n  (h y p e r -  

c h ro m ism ). H ow ever, i n  p o l y n u c l e o t i d e s ,  p a r a l l e l  s t a c k i n g  o f  

t h e  m om ents c a u s e s  a  d e c r e a s e  i n  a b s o r p t i o n  ( hypochrom ism ) .

H ypochrom ism  i n  P o ly  C h a s  b e e n  r e p o r t e d  t o  be  a s  l a r g e  

a s  4 ? ^ .  D i s r u p t io n  o f  th e  o r d e r e d  p o ly m er b y  v a r i o u s  d é n a tu r a 

t i o n  p r o c e d u r e s  ( i . e .  th e rm a l  d é n a t u r a t i o n ,  o r g a n ic  s o lv e n t
2# 2

d é n a t u r a t i o n ,  a l k a l i n e  h y d r o l y s i s ,  e t c . )  i s  p e r fo rm e d  i n  

o r d e r e d  to  d e te rm in e  s u c h  v a l u e s .  I t  h a s  b e e n  r e p o r t e d  t h a t  

th e r m a l  d é n a t u r a t i o n  o f  p o l y n u c le o t id e s  se ld o m  r e s u l t s  i n  t o t a l
■7

d é n a t u r a t i o n .  T h e r e f o r e ,  a c c u r a t e  hypochrom ism  d a t a  m u st be 

o b ta in e d  u s i n g  a l t e r n a t e  p r o c e d u r e s  ( s u c h  a s  a c i d  o r  a l k a l i n e  

h y d r o ly s i s  w h ic h  h y d r o ly z e s  t h e  p o l y n u c l e o t i d e  t o  m o n o n u c le o tid e  

u n i t s ) . I n  t h i s  w ay, t h e  o r d e r e d  p o ly m er s p e c tru m  can  be d i r e c t l y  

com pared  t o  t h e  s p e c tru m  o f  t h e  h y d ro ly z e d  p o ly m e r ( c o n s t i t u e n t  

n u c l e o t i d e  s p e c t r u m ) , an d  a c c u r a t e  hypochrom ism  d a t a  can  th e n  

b e  o b ta in e d .

T h erm al D é n a tu r a t io n  S t u d i e s  on P o ly  C

U l t r a v i o l e t  a b s o r p t io n - t e m p e r a tu r e  p r o f i l e s  o f  P o ly  C a t  

v a r i o u s  pH v a lu e s  an d  i o n i c  s t r e n g t h s  have b e e n  r e p o r t e d  by  s e v 

e r a l  i n v e s t i g a t o r s . ^ '  r e s u l t s  o f  t h e s e  s t u d i e s

l e n d  e v id e n c e  t o  f u r t h e r  s u p p o r t  th e  e x i s t e n c e  o f  t h e  two 

d i f f e r e n t  h e l i c a l  fo rm s  o f  P o ly  C u n d e r  c e r t a i n  p h y s io l o g i c a l  

c o n d i t i o n s .  The th e r m a l  d é n a t u r a t i o n  o f  P o ly  C from  an  o r d e re d  

h e l i c a l  s t r u c t u r e  t o  a  l e s s  o r d e r e d  s t r u c t u r e  can  be se e n  i n  

b o th  UV an d  CRD s p e c t r a  a s  th e  t e m p e r a tu r e  i s  e l e v a t e d .  The UV
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a b s o r p t io n  v s  te m p e r a tu r e  p r o f i l e  o f  P o ly  C a t .  pH 4 .1  ( i n  0 .1
O

Ha a c e t a t e )  p r e s e n te d  by  Fasman e t  a l .  show s a  c o o p e r a t iv e - ty p e  

m e l t i n g  ( d é n a tu r a t i o n )  w i th  a  Tm-'8l‘*C, w h i le  th e  m e l t i n g  c u rv e  

a t  pH 7 .0  ( i n  0 .1  % Na c i t r a t e )  show s a  g r a d u a l ,  n o n - c o o p e r a t iv e  

ty p e  t r a n s i t i o n  w i th  a

Brahms e t  a l . ^ have shown t h a t  a t  pH 4 . 0 ,  c o o p e r a t iv e  

c h a n g e s , i n d i c a t i n g  an  o rd e re d  te m p e r a tu r e - d e p e n d e n t  s e c o n d a ry  

s t r u c t u r e ,  a r e  q u i t e  e v id e n t  a t  t h e  l e v e l  o f  th e  h e p ta m e r  (Tm=20“ C) 

a s  can  be s e e n  i n  th e  UV a b s o r p t io n  v s  t e m p e r a tu r e  p r o f i l e s  o f  

a  s e r i e s  o f  o l i g o c y t i d y l a t e s  an d  P o ly  0 . T h ese  m e l t i n g  p r o f i l e s  

a r e  shown i n  F ig u re  4 . The p ro p o s e d  d o u b le  h e l i c a l  c o n fo rm a tio n  

o f  P o ly  C a t  pH 4 .0  s u g g e s t s  th e  s t a b i l i t y  o f  th e  p o ly m e r a t  

t h i s  p H -is  due t o  c o n t r i b u t i o n s  n o t  o n ly  from  v e r t i c a l  c y to s in e  

b a s e  s t a c k in g  i n t e r a c t i o n s ,  b u t  a l s o  from  h o r i z o n t a l  h y d ro g en  

b o n d in g  i n t e r a c t i o n s  b e tw een  t h e  tw o s t r a n d s . T h i s  t h r e e  

d im e n s io n a l  n e tw o rk  o f  i n t e r a c t i o n s  g r e a t l y  h in d e r s  d é n a tu r a t i o n

0 .3

A 0 . D. a t
280nm 0*2

P o ly
CIO

40 60 80200

T e m p e ra tu re  C

F ig u r e  4 . U l t r a v i o l e t  a b s o r p t io n - te m p e r a tu r e  p r o f i l e s  o f  3 ’ - ♦ 5 ' 
o l i g o c y t i d y l a t e s  i n  0 .1  K N aC l, 0 .0 5  K Na a c e t a t e  (pH 4 . 0 )
C hanges i n  o p t i c a l  d e n s i t y  r e c o rd e d  a t  280nm f o r  s o l u t i o n s  t
c a . 2 x 1 0 -4  r.'fwith r e s p e c t  t o  n u c le o s id e  r e s i d u e .  (Brahm s e t  a l .  )^
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o f  th e  d o u b le  h e l i x  u n t i l  a  c r i t i c a l  te m p e ra tu re  i s  r e a c h e d .

The t h r e e  h y d ro g en  bonds fo rm ed  b e tw een  c y to s in e  r e s i d u e s  ad d s  

a  s i g n i f i c a n t  s t a b i l i z a t i o n  f o r c e  b o th  i n  m u l t i p l e - h y d ro  gen 

bond  s t r e n g t h  an d  i n  th e  a l ig n m e n t  o f  c y to s in e  b a s e s  so  a s  to  

a l lo v / f o r  maximum s ta c k in g  i n t e r a c t i o n s ,  ih e n  th e  th e rm a l  

e n e rg y  i s  g r e a t  enough , h y d ro g en  b o n d s b r e a k  c o o p e r a t iv e ly ,  

c y to s in e  b a s e s  u n s ta c k ,  an d  a  c o o p e r a t iv e  m e l t in g  p r o f i l e  i s  

o b s e rv e d .

S tu d ie s  show ing  th e  i n f lu e n c e  o f  pK an d  i o n i c  s t r e n g t h

on th e  Tm o f  p r o to n a te d  P o ly  C h a s  b een  d e m o n s tra te d  by s e v e r a l  
22 23v fo rk e rs . ’ ’ The s t a b i l i t y  o f  th e  hom opolym er u n d e r  a

g iv e n  s e t  o f  c o n d i t io n s  i s  r e f l e c t e d  i n  th e  m e l t in g  tem p

e r a t u r e  ( Tm) . The ch an g es  i n  Tm a s  a  f u n c t io n  o f  pK and  i o n i c
23 hs t r e n g t h  a s  r e p o r te d  by G u s c h lb a u e r , A k in r im is i  e t  a l . , ' and

22S a ro c c h i  e t  a l .  a r e  shov/n below  i n  F ig u re s  b e lo w . B ased  on 

th e s e  d a ta ,  th e  m ost s t a b l e  form  o f  P o ly  C a p p e a r s  t o  e x i s t  

a t'-pH  1 a n d " 0 .1  K l l s T . The Tm u n d e r  t h e s e  c o n d i t io n s  i s  c a . 

82"C .

5

D ependence o f  Tm o f  P o ly  C on p K .a t  d i f f e r e n t  i o n i c  
s t r e n g t h s ,  d , 0 .9  k  Na“ ; •  , 0 .1 3  k  Na"^; * ,  0 . 0 ^  k  Na“ . 
A l l  s o lu t i o n s  i n  sodium  a c e t a t e  b u f f e r .  (G u sc h lb a u e r)  and
(S a ro c c h i  e t  a l . )
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fto

Dependence o f  fir. o f  P o ly  C on i o n i c  s t r e n g t h .  
o=pH •=prl 5» ( i ' iu sc h lc a u e r )  .

80

70

65

60 L
35 5.0 5.5

p H

V a r i a t i o n  o f  i n  o f  P o ly  C w i th  pK. 0 ,1  
b u f f e r  u se d  o v e r  a  pH r a n g e  o f  3 • ^ -^ •9 *  
( A k in r im is i  e t  a l . ) .

lia a c e t a t e

A l l  t h e  f i n d i n g s  r e p o r t e d  h e r e  from  th e  v a r i o u s  i n v e s t i 

g a to rs  l e n d  e v id e n c e  to  s u p p o r t  t h e  ir.vo p r i n c i p a l  h e l i c a l  c c n -  

rormat i e n s  o f  p o l y c y t i d y l i c  a c i d .  î o  v e r i f y  an d  expand t h e s e  

r e s u l t s ,  e x p e r im e n ts  were s e t  u r  and  c a r r i e d  o u t  i n  o u r  l a b c r a -
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t o r y .  The r e s u l t s  o f  some o f  t h e s e  s t u d i e s  a r e  r e p o r t e d  i n  t h e  

f o l l o w i n g  c h a p t e r .
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GHâPTER I I  

EXPERIMENTAL IVIETHODS AND FlATERIALS

UV A b s o r p t i o n  S io e c t ra  o f  P o l y c y t i d y l i c  A c id  

The p o t a s s iu m  s a l t  o f  p o l y r i b o c y t i d y l i c  a c i d  was o b t a i n e d  

fro m  M i le s  L a b o r a t o r i e s  ( E l k h a r t ,  I N ) .  UV a b s o r p t i o n  s p e c t r a  o f  

P o l y  C a t  v a r i o u s  pH v a l u e s  ( i n  0 .1  M Na"*”) w ere  o b t a i n e d  by 

p r e p a r i n g  a q u e o u s  s o l u t i o n s  o f  P o l y  C ( c a .  1 mM) a n d  s c a n n in g  

t h e  UV s p e c t r a l  r a n g e ,  200-320nm u s i n g  t h e  P e r k in - E lm e r  D ouble 

Beam S p e c t r o p h o to m e te r  (Colem an, M odel 1 2 4 ) .  I n  m o s t  c a s e s  1 mm 

p a t h l e n g t h  c u v e t t e s  w e re  u s e d  so  t h a t  r e l a t i v e l y  h ig h  (1 -1 0  mM) 

c o n c e n t r a t i o n s  o f  t h e  p o ly m e r  c o u ld  be  d e t e c t e d .  E x t i n c t i o n  

c o e f f i c i e n t  v a l u e s  o f  P o ly  C u n d e r  v a r i o u s  c o n d i t i o n s  a r e  on t h e  

o r d e r  o f  c a .  7x10^ .

P o ly  0 s p e c t r a  a t  pH 4 .1  ( i n  0 .1  M Na a c e t a t e  b u f f e r )  an d

7 .1  ( i n  0 .1  M Na p h o s p h a te  b u f f e r )  a r e  shown i n  F i g u r e  5 .  F i g u r e  

6 shows P o ly  C s p e c t r a  a t  f o u r  a c i d  pH v a l u e s  ( 3 .1 ,  4 . 1 ,  $ . 1 ,  and  

6 . 0 ) .  F i g u r e  7 shows s p e c t r a l  p a t t e r n s  o f  P o ly  C a t  t h r e e  a l k a l i n e  

pH v a l u e s  ( 7 . 1 ,  8 .0 ,  a n d  9 . 0 ) .

C y t i d i n e .  CMP S n e c t r a ;  E x t i n c t i o n  C o e f f i c i e n t  D e te r m in a t io n s

C y t i d i n e ,  5 ’ -CMP, and  2 '& 3 ’ -CMP (m ixed  i s o m e r s )  w ere  p u r c h a s e d  

fro m  Sigma C h em ica l Company ( S t .  L o u i s ,  MO). 1 .0  mM aq u e o u s  s o l u t i o n s  

o f  t h e s e  compounds w e re  p r e p a r e d  a t  pH 2 . 5 ,  4 . 5 ,  an d  7 .0  i n  0 . 1  M 

Na"*" b u f f e r s  f o r  UV s p e c t r a l  a n a l y s i s .  T hese  s p e c t r a  a r e  shown i n
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F i g u r e s  8 - 1 0 .  E x t i n c t i o n  c o e f f i c i e n t  v a l u e s  o f  t h e s e  compounds - 

w e re  d e te r m in e d  by  c a r e f u l l y  p r e p a r i n g  known c o n c e n t r a t i o n s  o f  

e a c h  a t  t h e  v a r i o u s  pH v a l u e s  . The a b s o r b a n c e  v a l u e  a t  a  

g iv e n  w a v e le n g th  f o r  a  s p e c i f i c  c o n c e n t r a t i o n  was u s e d  t o  c a l 

c u l a t e  C  u s i n g  t h e  B e e r -L a m b e r t  r e l a t i o n s h i p  (A=£C1). The r e s u l t s  

o f  t h i s  work i s  shown i n  T a b le s  1-3* I n  e a c h  c a s e ,  1 mm c u v e t t e s  

w ere  u s e d .  The e x t i n c t i o n  c o e f f i c i e n t  v a l u e s  d e te r m in e d  f o r  

2*& 3 '“ CMP a t  t h e  v a r i o u s  pH v a l u e s  a r e  u s e d  t o  c a l c u l a t e  P o ly  C 

c o n c e n t r a t i o n s  ( e x p r e s s e d  i n  CMP u n i t s ) , s i n c e  upon a l k a l i n e  

h y d r o l y s i s ,  P o ly  0 i s  d e g ra d e d  t o  m onom eric 2*&3'-CMP i s o m e r s .

A l k a l i n e  h y d r o l y s i s  o f  P o l y  C i s  c a r r i e d  o u t  by i n c u b a t i n g  

P o ly  C i n  0 . 3  N KOH f o r  22 h o u r s  a t  37*0 . The s p e c t r a  o f  f o u r  

s u c h  P o ly  C h y d r o l y s a t e s  a t  d i f f e r e n t  pH v a l u e s  a r e  shown i n  

F i g u r e  11.

P o lv  C Hvuochromism S t u d i e s

The hypochrom ism  o f  P o ly  C was d e te r m in e d  v i a  a l k a l i n e  h y d r o l y s i s  

o f  t h e  p o l y n u c l e o t i d e  t o  m onom eric  CMP u n i t s  a s  d e s c r i b e d  e a r l i e r .

The a b s o rb a n c e  o f  t h e  s o l u t i o n  b e f o r e  ( P o ly  C) an d  a f t e r  (CMP) 

t r e a t m e n t  w i t h  KOH r e v e a l s  t h e  hyp o ch ro m ic  e f f e c t  o f  t h e  s t r u c t u r e d  

p o ly m e r .  G e n e r a l l y ,  t h e  g r e a t e r  t h e  i n c r e a s e  i n  a b s o rb a n c e  o f  

t h e  h y d r o l y s a t e  o v e r  t h e  i n i t i a l  p o ly m er  s o l u t i o n ,  t h e  g r e a t e r  

t h e  s e c o n d a ry  s t r u c t u r e  o f  t h e  p o ly m e r .

The scheme u s e d  f o r  P o ly  C hypochrom ism  s t u d i e s  i s  shown i n  

t h e  f o l l o w i n g  c h a p t e r  ( R e s u l t s ) .  Two s e t s  o f  hypochrom ism  d a t a  

on P o ly  C a t  pH 4 .1  a n d  7 .1  a r e  shown i n  F i g u r e s  1 2 -1 5 .  A p p r o p r i a t e  

c o n t r o l s  w ere  r u n  i n  e a c h  c a s e .  I n  a d d i t i o n ,  t r e a t m e n t  o f  2 '&3'-CM P
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w i t h  0 . 3  N KOH was c a r r i e d  o u t  t o  i n s u r e  a  n o n -h y p o c h ro m ic  e f f e c t  

o f  t h e  m o n o n u c le o t id e  s o l u t i o n .

T h e rm al D é n a t u r a t i o n

T h erm al d é n a t u r a t i o n  p r o f i l e s  o f  P o ly  C a t  pH 4 . 1  a n d  7 . 0  

( i n  0 . 1  M Na"  ̂ b u f f e r s )  w ere  o b t a i n e d  b y  d e t e r m in i n g  t h e  ch an g e  

i n  a b s o r b a n c e  ( a t  a  g i v e n  w a v e le n g th )  w i t h  i n c r e a s i n g  t e m p e r a t u r e .  

The C ary  118 S p e c t r o p h o to m e te r ,  e q u ip e d  w i t h  a  j a c k e t e d  c u r v e t t e  

h o l d e r  was u t i l i z e d .  T e m p e ra tu re  c o n t r o l  was a c c o m p l i s h e d  by  

w a t e r  f lo w  th r o u g h  t h e  j a c k e t  u s i n g  an  e x t e r n a l  v a r i a b l e - t e m p e r -  

a t u r e  w a t e r  b a t h .  T e m p e ra tu r e s  w ere  t a k e n  d i r e c t l y  i n  t h e  r e f e r e n c e  

c e l l  a n d  w ere  r e c o r d e d  t o  t h e  n e a r e s t  d e g r e e .  D a ta  r e p o r t e d  i s  

a t  f i v e  d e g r e e  i n t e r v a l s .  A t  t h e  pH v a l u e s  n e a r  n e u t r a l i t y ,  

a b s o r b a n c e  r e a d i n g s  w e re  r e c o r d e d  a t  268nm (^m ax),. w h i l e  a t  pH

4 .1  a n d  4 . 5  o p t i c a l  d e n s i t y  r e a d i n g s  w ere  r e c o r d e d  a t  2?3nm (/Imax). 

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

a s  t h e  Tm ( m e l t i n g  o r  d é n a t u r a t i o n  t e m p e r a t u r e ) . Tm i s  p r e s u m a b ly  

t h e  t e m p e r a t u r e  a t  w h ic h  100?S o f  t h e  p o ly m e r  i s  50^ d e n a t u r e d .

A c id -B a s e  T i t r a t i o n  ,

A 1 .0  mM s o l u t i o n  o f  P o ly  C ( e x p r e s s e d  i n  CMP u n i t s )  was p r e 

p a r e d  i n  0 .1  M NaCl a t  pH ? . 0 .  I n t o  e x a c t l y  5*0 m l o f  t h i s  s o l u t i o n  

was t i t r a t e d ,  d ro p  by  d r o p ,  a  0 .0 0 1  N HCl s o l u t i o n .  A f t e r  e a c h  

d r o p ,  t h e  pH o f  t h e  s o l u t i o n  w as r e c o r d e d ,  u s i n g  t h e  d i g i t a l  

C o m in g  pH m e t e r  (Model 1 2 5 ) .  T i t r a t i o n  was t e r m i n a t e d  a f t e r  5*0 

m l o f  t h e  d i l u t e d  HCl h ad  b een  a d d e d .  A c id  t i t r a t i o n  d a t a  a n d  t h e  

c u r v e  t o  w h ic h  t h e y  c o r r e s p o n d ,  a r e  shown i n  T a b le  6 a n d  F i g u r e  18.
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RESULTS



F ig u re  5* A b s o rp tio n  S p e c tr a  o f  r o l y  C a t  pH 4 .1  and 7 .1 .

C o n d i t i o n s :  Temp. = 24 C; P o l y  C i n  0 . 1  M Na a c e t a t e  (pH 4 .1 )  
a n d  i n  0 . 1  M Na p h o s p h a te  (pH 7 . 1 ) .

1 .0.

0 .9

0 . 8.

C.D

260

W a v e le n g th  (nm)

220 280 300
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F ig u re  6 . A b so rp tio n  S p e c tr a  o f  F o ly  C a t  A cid  pH V alues

C o n d i t i o n s :  Temp. = 2^*^C; P o l y  C i n  0 .1  M Na a c e t a t e  b u f f e r .

4 .1

pH 3 .1

c .

260220 280 300

i;v 'avelength (nm) 

- 1 9 -



,  Value.

0

r . , )
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F ig u re  8 . ÜY A b so rp tio n  S p e c tr a  o f  1 .0  mM C y tid in e .

pH 2 . 5 î  C y t i d i n e  i n  0 . 1  M NaCl, a d j u s t e d  t o  pH 2 .5  w i t h  1 N HCl,
pH 4 . 5 :  C y t i d i n e  i n  0 . 1  K Na a c e t a t e  b u f f e r .

pH 7 . 0 ;  C y t i d i n e  i n  0 . 1  K p h o s p h a te  b u f f e r .

1 . 0

0 . 8
pH 7 .0

Abs

260220200 280 300

W av elen g th  (nm) 
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T ab le  1 . E x t in c t io n  C o e f f i c i e n t  D e te rm in a t io n s  f o r  C y t id in e .

pH 2 .5 î  C y tid in e  i n  0 .1  K NaCl, a d ju s te d  to  pH 2 .5  w i th  1 N HCl

( C y t i d i n e ) ^2 7 7 £  X 10^

lx lO "3  M 1 .1 9 1 1 .9 0

7x10"'^  K 0 .8 3 1 1 .8 5

5 x 1 0 "^  M 0 .6 0 1 2 .0 0

3 x 1 0 ”^  M 0 .3 5 1 1 .6 6

S p e c t r a l  D a ta : /lmax=277nm; /imin=239nm; £ = 1 1 ,900

pH 4 . 5 :  C y t i d i n e i n  0 .1  M Na a c e t a t e  b u f f e r .

[ C y t i d i n e ] ^272 £ x  10-3

1x10"^  M 0 . 9 6 9 . 6 0

7 x 1 0 "^  R 0 . 6 7 9 . 5 6
- 45x10 ^  K 0 .4 8 9 . 6 0

3x lO ~^ M 0 . 2 9 9 .6 6

S p e c t r a l  D a ta : /lmax=272 nm;; / lm in = 2 4 l nm; £ =9 ,6 0 0

pH 7*0; C y t i d i n e i n  0 .1  K Na p h o s p h a te  b u f f e r .

C c y t i d i n e ) ^268 £ x  10^

lx lO " 3  K 0 .8 6 8 .6 0

S xlO ”^ R 0 . 6 9 8 . 6 2

5x10"^  1 0 . 4 3 3 . 6 0

3x10"^  M 0 .2 6 8 .6 6

S p e c t r a l  D a ta :  /)max=2o8 nm; /imin=24-6 nm; £ = 8 .6 0 0

-2 2 -



F ig u re  9» W  A b so rp tio n  S p e c tr a  o f  1 .0  inli 5 ’ -CKP.

pH 2 .5 :  CKP i n  0 .1  K K aC l, a d j u s t e d  t o  pK 2 .5  w i t h  1 H HCl,
pK 4 . 1 :  C&iP i n  0 .1  K Na a c e t a t e  b u f f e r .
pH 7 . 0 :  CkP i n  0 .1  K Na p h o s p h a te  b u f f e r .

1 . 2"

pH 2 .5
1 . 0 .

0 . 8

A bs.

280260

i ivavelength  (noi)
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T ab le  2 . E x t in c t io n  C o e f f i c ie n t  D e te rm in â tio n s  f o r  5 '-C K P.

pH 2 .5 :  5 ' -Cm? i n  0 .1  1  NaCl, a d ju s te d  to  pH 2 .5  w ith  1 N HCl.

r5 '- c M p } ^277 £ X 10"3

1x10"^ K 1 .1 7 1 1 .7 0

7 x 1 0 " ^  M • 0 .8 2 1 1 .7 1

5 x 1 0 " ^  K 0 .5 8 1 1 .6 0

3 x 1 0 " ^  M 0 . 3 5 1 1 .6 6

S p e c t r a l  D a ta :  A max=277 nm; / |  min=239 nm; £ = 1 1 .7 0 0

pH 4 . 1 :  5 ’-CMP i n 0 .1  M Na a c e t a t e  b u f f e r .

( 5 ' -CM?) ^273 £ x  10"3

1x10"^ M 0 . 9 9 9 . 9 0

7 x 1 0 " ^  K 0 .6 9 9 .8 5

5 x 1 0 " ^  M 0 .5 0 1 0 .0 0

3 x 1 0 "^  1 0 . 2 9 9 . 6 6

S p e c t r a l  D a ta :  /| max=273 nm; /Im in= 24 l nm; £ = 9 .9 0 0

pH 7 . 0 :  5 '-CMP i n 0 .1  M Na p h o s p h a te  b u f f e r .

[ 5 ’ -CM?) ^268 £ x  10"3

1x10"^ M 0 .8 3 8 .3 0

8 x 1 0 "^  M 0 .6 6 8 . 2 5

5 x 1 0 "^  M 0 .4 1 8 .2 0

3 x 1 0 "^  M 0 .2 5 8 . 3 3

S p e c t r a l  D a ta :  j4 max=268 nm; /im in=247 nm; 6 = 8 ,3 0 0
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f i g u r e  10 . UV A b so rp tio n  S p e c tra  o f  1 .0  #1 2 ' ' -CKP (K ixed Iso m e rs )

pH 2 .5 î  CIvlP i n  0 .1  % NaCl, a d j u s t e d  t o  pH 2 .5  w i t h  1 N HCl.
pH 4 . 5 :  CMP i n  0 .1  M Na a c e t a t e  b u f f e r .
pH 7 .0 :  CMP i n  0 .1  M Na p h o s p h a te  b u f f e r .

1.2 .

pH 7 .0Abs.

240 260200 220 280 300

/ ' 'a v e le n g th  (nm)
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T a b le  3« E x t i n c t i o n  C o e f f e c i e n t  D e t e r m i n a t io n s  f o r

pH 2 . 5 :  2 '& 3 '-C K P i n  0 .1  M NaCl, a d j u s t e d  t o  pH 2 .5  w i t h  1 N HCl.

(2»&3'-C!v:?)_____________________A225______________________£ x  i p - 3

1x10“ ^ K 1 .1 9  1 1 .9 0

7 x 1 0 "^  K  0 . 8 3  1 1 .8 5

5x 10“ ^  M 0 .6 0  1 2 .0 0

3 x 1 0 " ^  M 0 . 3 5  1 1 .6 6

S p e c t r a l  D a ta :  /)max=276 nm; /lm in=238 nm; £  = 11 .900

pH 4 . 5 : 2'&3'-CI.'I? i n  0 .1  K Na a c e t a t e  b u f f e r .

(2»&3'-CM?]_____________________ A_ 2  £ x  10"3

lx lO "3 ÎÛ 0 .98  9 .80

7x10"^ K 0 . 6 9  9 .8 5

5x 10"^ M 0 . 4 9  9 .8 0

3x10"^ K 0 .29  9 .6 6

S p e c t r a l  D a ta :  /)max=272 nm; /im in=242 nm; £  = 9 .800

pH 7 . 0 :  2 ’&3'-CMr' i n  0 .1  K Na p h o s p h a te  b u f f e r .

C2’&3*-CK?j A253 £ x  10"3

l x lO " 3  ^  0 .8 8  8 .8 0

8x 10"^ K 0 .70  8 .75

5 x 1 0 " ^  N 0 .4 4  8 .8 0

3x10"^ R 0 .27 9 .00

S p e c t r a l  D a ta :  /lmax=268 nm; / |m in = 2 4 7  nm; £-=8 .800
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G e n e ra l Exne rim  e n t a i  Scheme f o r  P o lv  C Hynochromisir. S tu d y

P o l y  G S o l u t i o n  
( u n d e r  g iv e n  c o n d i t i o n s  o f  pH an d  i o n i c  s t r e n g t h )

1 :1  (Y:V) P o ly C  : 0 . c  N KOH 1 :1  (V:V) P o ly  0 : 0 . 6  5: KCl

i n c u b a t e  f o r  
22 h o u r s  a t  
37*0

i n c u b a t e  f o r  
22 h o u r s  a t  
37*0

A d j u s t  s o l u t i o n  t o  i n i t i a l  pH
w i t h  v o lum e, V, o f  0 .1  N HCl
( i n  0 .1  r.l N a C l) .

H y d ro lv z e d  P o lv  G = GN.P

Add vo lum e, V, o f  0 .1  K Na'*' 
b u f f e r  a t  i n i t i a l  pH v a l u e .

P o l y  G

Abs a t  /|max o f  GKP 
Abs a t  /imax o f  P o l y  G = X - l=  % Hyoochromism o f  

P o lv  G
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P o ly  C Hynochromism D ata  a t  -pH ^ .5

 Hypochromism o f  P o ly  C i n  0 .1  M Na a c e t a t e  b u f f e r  a t  oH 4 . 5 ----

(1 )  I n i t i a l  P o ly  C: /fmax=273nm À 2y^=1.02

(2 )  2 ml P o ly  C + 2 m l 0 . 6  N KOH (pH 1 2 . 5 ) :  Xmax=26?

(3 )  2 ml P o ly  C + 2 m l 0 . 6  K KCl (pH 4 . 5 ) :  /lmax=273 ^273”^*-^^

i n c u b a t i o n  o f  (2)  an d  (3 )  f o r  22 h o u rs  a t  37*C. 

a d j u s t m e n t  o f  (2) t o  pH 4 . 5  w i t h  0 .1  K HCl ( i n  0 .1  K N aC l) :

/imax=273 ^ 273“°*^^

a d d ed  e q u a l  vo lum e o f  0 .1  K Na a c e t a t e  b u f f e r  t o  (3 ) :
X max=273 . 20

~  — = 1 .4 o  -  1 .0 0  = 0 .4 0  o r  40:'  ̂ P b rp o ch ro m ic i tv  

( s e e  F ig u r e  l 6 )

 Hypochromism o f  P o ly  C i n  0 .1  K Ha a c e t a t e  b u f f e r  a t  oH 4 . 6 - -

(1 )  I n i t i a l  P o l y  C: Xmax=272 ^ 2 7 2 " ° '^ '^

(2 )  2 ml P o ly  C + 2 ml 0 . 6  N KOH (pH 1 2 . 5 ) :  /)max=268 ^ 268^°'^"^

(3 )  2 ml P o l y  C + 2 ml 0 . 6  K KCl (pH 4 . 5 ) :  /jmax=272 k ^ r ^ ^ = C .k 9

i n c u b a t i o n  o f  (2 )  f o r  22 h o u r s  a t  37*C (pH 1 2 .5 ) :
Xmax=268 Ag£0=O.67

P o ly  C “  = 1 . 4 2 - 1 . 0 0  = 0 .4 2  o r  42^  h?/r>ochrcm icitv

( s e e  F i g u r e  17)

- 29-



F ig u re  12 . Hypochromism o f  P o ly  C i n  0 .1  M Ha , pH h.S

? o l y  C i n  0 . 1  K Ka a c e t a t e  b u f f e r ,  pH ^ .5 *

I n i t i a l  P o l y  C; / |m ax=273 ^ 2 7 3 ” ^*°^

U-0% h v o o c h r o m ic i ty

2 ml P o l y  C + 2 m l 0 . 6  K KOH (pH 1 2 .5 )  
/imax=267nm Â 2£y=0.^9

2 ml P o l y  C + 2 m l 0 . 6  K KCl (pH 4 .5 )  
/lmax=273nm A gy^=0.51

0 . 6

i n i t i a l  P o l y  C -^273"^’ ° ^

A bs.

= 0 .2 8
273

2 P o ly  C
= 0 . 2 0n

l:

X X

2 8 0 30020Ô
T

2 i Ô 260

'/Wavelength (nm) 

- 3 0 -



F ig u re  13» Hypochromism o f  r o l y  C i n  0 .1  M Na , pK 4 .5

F o l y  C i n  0..1 K Na a c e t a t e  b u f f e r ,  pH 4 .5  
I n i t i a l  F o ly  C: Amax=272

42^ H v o o c h ro m ic i tv

2 ml F o ly  C 4- 2 m l 0 . 6  K KOH (pH 1 2 .5 )  

/i max=268nm -^2 68

2 ml F o ly  C + 2 ml 0 .6  K KCl (pH 4 .5 )  

^max=2?2nm ^ 272“ ° *

i n i t i a l  F o ly  C k ^ r ^ ^ = 0 .3 '7

ü b s .

0 . 6  •

i -o ly  G

0 . 4  .

* 2 6 8 " ° '^ ?

=0 . 4 7

i-i.'avelength (nm)
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P o lv  c KvTJochromisin D ata  a t  X)K 7 .1  and  6 .8

 Kyoochrcm isin o f  P o l y  C i n  0 .1  M Na o h o s p h a te  b u f f e r  a t  -pH 7 . 1 -

(1 )  I n i t i a l  P o l y  C: /imax=268nm Â2£g=0.65

(2) 2 ml P o l y  C + 2 m l 0 . 6  N KCK (pH 1 2 .5 ) :  /lmax=267

(3) 2 ml P o l y  C + 2 m l 0 .6  M KCl (pH 7 . 1 ) :  /imax=268 A2 ^g=0 . 3 2

i n c u b a t i o n  o f  (2 )  a n d  (3 )  f o r  22 h o u r s  a t  37°C .

a d j u s t m e n t  o f  (2 )  t o  pH 7 .1  w i t h  0 . 1  N HCl ( i n  0 . 1  M K a C l ) :
/lmax=268  A2 gg=0 . 2 8

a d d e d  e q u a l  vo lum e o f  0 . 1  M Na p h o s p h a te  b u f f e r  t o  ( 3 ) :

/4max=268 ^ 26 8" ^ " ^ ^

P o ly p e  ”  o ' 21 ”  -  1 .0 0  = 0 . 3 3  o r  337° H v o o c h r o m ic i tv

( s e e  F i g u r e  18)

 Hypochrom ism  o f  P o l y  C i n  0 .1  M Na u h o s o h a te  b u f f e r  a t  oK 6 . 8 —

(1) I n i t i a l  P o l y  C: /lmax=268nm

(2 )  2 ml P o l y  C + 2 ml 0 . 6  N KOH (pH 1 2 . 5 ) :  / |m ax=267 k ^ ^ r ^ = 0 . 3 2

(3 )  2 m l P o l y  C 4. 2 m l 0 . 6  k  KCl (pH 6 . 8 ) :  Xmax=268 A 2gg= 0 .32  

i n c u b a t i o n  o f  (2 )  a n d  ( 3 ) f o r  22 h o u r s  a t  3 7*0 .

A f t e r  i n c u b a t i o n ,  ( 2 ) :  /|max=267nm & 2 ^ y = 0 .4 l

(3 ) : /imax=268nm &2gg=0 . 3 2

= 0"' ^ ' = 1 . 29- 1 . 0 0 =0 . 2 9  o r  29-fo H - 'rpoch rom ic itv  

( s e e  F i g u r e  19)
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F ig u re  14 . Hypochromism o f  F o ly  C i n  0 .1  K Na'*'. rH 7 .1

P o ly  C i n  0 .1  M Na p h o sp h a te  b u f f e r ,  pH 7*1
I n i t i a l  P o l y  C: /lmax=268nm A p ro = 0 -é5

33>a K y o o c h ro m ic i tv

i n i t i a l  P o ly  C

A b s .

P o ly  C 
h y d r o l y s a t e

220 2^0 '  2*60 

N a v e le n g th  (nm)

300200
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F ig u r e  15» Hypochromism o f  F o ly  C i n  0 .1  K -pH 6 .8

P o ly  C i n  0 .1  K Na p h o sp h a te  "bu ffer, pK 6 .8
I n i t i a l  P o ly  C: yimax=268nm , 6 k ’

29% H v o o c h ro m ic i tv

0 .7 '

i n i t i a l  P o l y  C

0.6

P o ly  C ' 
h y d r o l y s a t e

A bs .

0 . 2 ,

240

.'Javelength (nm)
2EÔ 280200 220
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2* & 3 ' -  C&IP KvDochromism D ata  a t  -pH 4 . 9 and 7 .1

— HvDOChromism of 2'&3*-CM? in 0 .1  K Ka acetate buffer at nH 4 . 5 —

(1 )  I n i t i a l  CMP: /lmax=272niii

(2 )  2 ml CMP + 2 ml 0 . 6  N KOK (pH 1 2 . 5 ) :  /)max=267nm

(3 )  2 ml CMP + 2 ml 0 . 6  M KCl (pH 4 . 5 ) :  /lmax=272nm 4.272^°'3G 

i n c u b a t i o n  o f  (2 )  a n d  (3 )  f o r  22 h o u r s  a t  3 7*0 .

A d ju s tm e n t  o f  (2) t o  pH 4 . 5  w i t h  0 .1  K HCl ( i n  0 .1  M N a C l) :
/lmax=272nm k^,^^=0 .2 5

a d d e d  e q u a l  volum e o f  0 .1  M Ka a c e t a t e  b u f f e r  t o  ( 3 ) :
A max=272nm k ^ , ^ ^ = 0 .2 5

Ho Hvnochromism

— H:^roochromism o f  2'&3'-CMP i n  0 . 1  M Ka o h o s o h a te  b u f f e r  a t  oH 7 . 1 —

( 1 ) I n i t i a l  CMP : Amax=268nm ^^& g=0.71

(2 )  2 ml CMP + 2 ml 0 . 6  H KOK (pH 1 2 . 5 ) :  /)max=267nm k ^ ^ r ^ = 0 .3 5

(3 ) 2 ml CMP + 2 ml 0 .6  M KCl (pH 7 * 1 ) :  /Imax=268nm ^ ^ g g " 0 .3 6

i n c u b a t i o n  o f  (2 )  a n d  ( 3 ) f o r  22 h o u r s  a t  37*0 .

A d ju s tm e n t  o f  (2) t o  pH 7*1 w i th  0 .1  N HCl ( i n  0 .1  M N a C l) :
A max=268nm A2 £0 =O.26

ad d e d  e q u a l  volum e o f  0 .1  M Ka p h o s p h a te  b u f f e r  t o  ( 3 ) :
A max=268nm A2 gg = 0 .26

Ho Hvoochromism
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T a b le  4 .  K e l t i n c C urve  D a ta  on i 'o l v  C a t  uH 6 .8  a n d  7 . 0 .

? o l y  C i n  0 .1  M Ka p h o s p h a te  b u f f e r  a t  pK 6 .8  an d  7 . 0 .

pH 6 .8 pH 7 .0
Temper a t u r e , ° G *268 *268

15 0 .7 0 0 . 5 2

20 0 .7 0 0 . 5 2

25 0 .7 0 0 . 5 3

30 0 .7 1 0 . 5 4

35 0 .7 2 0 . 5 6

40 0 .7 3 0 . 5 7

45 0 .7 4 0 . 5 8

50 0 .7 5 0 . 5 9

55 0 .7 6 0 . 5 9

60 0 .7 7 0 . 6 0

65 0 .7 7 0 .6 0

70 0 .7 7 0 .6 1

75 0 .7 8 0 .6 2

80 0 .7 9 0 . 6 2

85 0 .7 9 0 .6 3
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F i g u r e  l 6 .  M e l t i n g  C u rv e s  o f  P o l y  C a t  pK 6 .8  a n d  7 .1

P o l y  C i n  0 .1  M Na p h o s p h a t e  b u f f e r  pH 6 .8  a n d  7 .1 .

0 . 8 0 0 .6 2

0 . 7 8 . 0 .60

0 .7 6 - 0 .5 3
pH 6 .8pH 7.0

^268 268

0 .5 6

0 .72

0 .7 0 ■0 . 5 2

20

T e m p e r a tu r e ,  °C
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T a b le  5. P-ieltine: C urve D a ta  on P o lv  C a t uH 4 .1  and  4 . 5 .

P o l y  C i n  0 . 1  M Na a c e t a t e  b u f f e r  a t pK 4 . 1  a n d  4 . 5

pK 4 .1 pK 4 . 5
T e m p e ra tu r e , ® C *2 7 3 ^2 7 3

15 0 .7 2 4 1 .3 1

20 0 .7 2 1 1 .3 1

25 0 .7 1 9 1 .3 0

30 0 .7 1 5 1 .3 0

35 0 .7 1 1 1 .3 0

40 0 .7 1 0 1 .3 0

45 0 .7 0 6 1 .3 0

50 0 . 7 0 2 1 .3 0

55 0 . 6 9 8 1 .3 0

60 0 .6 9 8 1 .3 0

65 0 .6 9 8 1 .3 0

70 0 .6 9 8 1 .3 0

75 0 .8 4 1 1 .3 0

80 0 .8 4 2 1 .4 1

35 0 .8 4 2 1 .4 3

90 0 .8 4 3 1 .4 3
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F ig u re  1?. M e ltin g  C urves o f  P o ly  C a t  x>H ^ .1  and  4 . $

P o ly  C i n  0 .1  Fi Ha a c e t a t e  b u f f e r  p?I ^ .1  an d  4 .^ ,

0.84,

% %

0.82-

0 .8 0 1 .4 0

1.380 .78 '

A

0 .76.

0.7% 1 .32

1.30

20

T e m p e ra tu re , "C
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'Table 6 . A c id -b a se  T i t r a t i o n  D ata  on F o lv  C.

mE KCl/CMP 

0 .0 0

■dH of solution 
7 .0

mE HCl/CMF 

0 .4 8

•dH of solution
4 . 5

0 .0 2 6 .3 0 . 5 0 4 .2

0 .0 4 6 .1 0 . 5 2 4 .0

0 .0 6 6 .0 0 . 5 4 3 . 9

0 .0 8 3 .9 0 . 5 6 3 . 9

0 .1 0 5 .9 0 .5 8 3 . 8

0 .1 4 5 .9 0 .6 2 3 . 7

0 .1 6 5 .8 0 .6 8 3 . 6

0 .1 8 5 .8 0 . 7 2 3 . 5

0 .2 2 5 .7 0 . 7 4 3 . 4

0 .2 4 5 .7 0 . 7 8 3 . 3

0 .2 8 5 .7 0 .8 2 3 . 3

0 .3 0 5 .7 0 .8 6 3 . 3

0 .3 4 5 .7 0 .9 0 3 . 3

0 .3 8 5 .7 0 . 9 2 3 . 3

0 .4 0 5 .6 0 . 9 4 3 . 2

0 .4 2 5 .4 0 . 9 6 3 . 2

0 .4 4 5 .0 0 .9 8 3 . 2

0 .4 6 4 .7 1 .0 0 3 . 1
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F ig u r e  18. A c id - b a s e  T i t r a t i o n  C urve o f  P o lv  C, 

1 .0  mFi F o ly  C i n  0 .1  K NaCl a t  2 5 °C.

vH

2

3

5

6

7

0 . 0 0 . 1 0 . 2 0 .3  0 . ^  0 .5  0 .6  0 .7  0 .8 0 .9 1 . 0

mü o f  HCl/mî-'I o f  P o ly  C

—4 l —



CHâPTER I I I  

CONCLUSIONS AND DISCUSSION

A b s o rp t io n  S -p e c tra  o f  P o lv  C

The a b s o r p t i o n  s p e c t r a  o f  P o ly  C s o l u t i o n s  a t  v a r i o u s  pH 

v a l u e s  show tw o m a jo r  s p e c t r a l  p a t t e r n s .  The pH v a l u e s  a t  

w h ic h  th e s e  a r e  o b s e rv e d  c o r re s p o n d  t o  t h e  two p r i n c i p a l  co n 

f o r m a t io n s  o f  P o ly  C s u g g e s te d  by  o t h e r  i n v e s t i g a t o r s .  The 

t r a n s i t i o n  from  one m a jo r  s p e c t r a l  p a t t e r n  t o  th e  o t h e r  o c c u r s  

a t  a b o u t  pH 5 * 7 . A t pH v a lu e s  b e tw e e n  3 .1  an d  5*7 ( t h e  pH ra n g e  

i n  w h ich  P o ly  C h a s  b e e n  shown t o  e x i s t  p r i m a r i l y  a s  a  d o u b le  

s t r a n d e d  h e l i x ) .  P o ly  C UV s p e c t r a l  p a t t e r n s  show a  ^max 

n e a r  27^nm an d  a  ^m in  n e a r  240nm. A t pH 3 .0  P o ly  C p r e c i p i t a t i o n  

i s  o b s e rv e d .  Above pH 5*7 ( n e a r  n e u t r a l i t y  w here  P o ly  C h a s  

b e e n  shown t o  e x i s t  i n  a  s i n g l e  s t r a n d e d  c o n f o r m a t io n ) ,  th e  

s p e c t r a l  p a t t e r n s  show a  /Imax n e a r  267nm, a  /im in  n e a r  24?nm, and  

a  p ro m in e n t  s h o u ld e r  a t  a b o u t  228nm. The a m p l i tu d e  o b s e rv e d  i n  

t h e  s p e c t r a  o f  P o ly  C u n d e r  a c i d i c  c o n d i t i o n s  i s  m ore th a n  tw ic e  

t h a t  o b s e rv e d  a t  pH v a l u e s  n e a r  n e u t r a l i t y .  K now ing t h e s e  UV 

s p e c t r a l  c h a r a c t e r i s t i c s  o f  P o ly  C, one can  e a s i l y  i d e n t i f y  th e  

m a jo r  form  o f  th e  p o ly m e r  p r e s e n t  i n  s o l u t i o n .  S p e c t r a  a t  pH 4 .1  

a n d  7 .1  ( i n  0 .1  M N a* ), e x e m p l i fy in g  th e s e  c h a r a c t e r i s t i c s ,  a r e  

shown i n  F ig u r e  5 .
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A b s o rp t io n  s p e c t r a  o f  P o ly  C a t  f o u r  d i f f e r e n t  a c i d  pH v a l u e s  

a r e  s e e n  i n  F ig u r e  6 .  The t r a n s i t i o n  from, one c o n fo rm a tio n  t o  

t h e  o t h e r  c a n  b e  s e e n  i n  th e  c o m p a riso n  o f  t h e  s p e c tru m  a t  pH

5 . 1  w i th  t h a t  a t  pH 6 .0 .  P o ly  C s p e c t r a  a t  t h r e e  a l k a l i n e  pH 

v a l u e s  a r e  shown i n  F ig u r e  7» No s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  

s p e c t r a  c a n  b e  s e e n ,  s u g g e s t in g  t h a t  th e  s i n g l e  s t r a n d e d  c o n f o r 

m a tio n  i s  t h e  p ro m in e n t c o n fo rm a tio n  a t  e a c h  o f  t h e  t h r e e  pH v a l u e s .

C v t id in e .  CMP S p e c t r a ;  E x t i n c t i o n  C o e f f i c i e n t  D e te r m in a t io n s

C y t id in e ,  5 '-CMP, an d  2 '& 3'-C M P UV a b s o r p t i o n  s p e c t r a  w ere  

o b ta in e d  i n  o r d e r  t h a t  a  c o m p a r iso n  m ig h t be  made b e tw e e n  th e  

n u c l e o s id e  a n d  t h e  n u c l e o t i d e s .  I n  e a c h  c a s e ,  a  1 .0  mM s o l u t i o n  

w as c a r e f u l l y  p r e p a r e d  i n  0 .1  M Na"*" a t  pH 2 .5»  4 .5 ,  a n d  7*1* I t  

c an  be s e e n  i n  F ig u r e s  8 -1 0  t h a t  th e  s p e c t r a  o f  t h e  n u c l e o s id e  

( F ig u r e  8 ) co m pares v e r y  c l o s e l y  w i th  b o th  t h e  5 '-CMP ( F ig u r e  9 ) 

a n d  2'& 3'-C M P ( F ig u r e  1 0 ) .  A l l  t h r e e  s p e c t r a  a r e  v e r y  s i m i l a r  

t o  P o ly  C s p e c t r a  a t  co m p a ra b le  pH v a l u e s .  T h ese  d a t a  s u g g e s t  

t h a t  n e i t h e r  t h e  r i b o s e  s u g a r  m o ie ty  n o r  th e  p h o s p h a te  g ro u p  

c o n t r i b u t e  t o ,  o r  s i g n i f i c a n t l y  a l t e r  th e  s p e c t r a l  p a t t e r n .  A p p a r

e n t l y  th e  c y t o s i n e  p y r im id in e  b a s e  ch rom ophore  i s  n o t  s i g n i f i c a n t l y  

a f f e c t e d  by  t h e  p r e s e n c e  o r  a b s e n c e  o f  t h e  p h o s p h a te  g ro u p .

E x t i n c t i o n  c o e f f i c i e n t  v a l u e s  f o r  c y t i d i n e ,  5 ’ -CMP, and  2 '& 3 ' 

CMP w ere d e te rm in e d  a t  pH 2.5»  4 .5 ,  and  7 .0 .  F o r  c y t i d i n e :  £277 

a t  pH 2 . 5  was fo u n d  t o  be  1 1 ,9 0 0 ; 8 2 7 2  pN 4 .5  = 9 ,6 0 0 ;  £253 a t  

pH 7 . 0  = 8 , 6 0 0 . F o r 5 '-CMP: £ 2 7 7  a t  pH 2 .5  = 1 1 ,7 0 0 ; £^73 a t  pH

4 .1  = 9 ,9 0 0 ;  E 268 pH 7 . 0  = 8 , 3 0 0 . F o r  2'& 3'-CM P (m ix ed  is o m e r s )
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pH 2 . 5  = 1 1 ,9 0 0 ; £372  pH ^ . 5  = 9 ,8 0 0 ;  an d  £358 pH

7 . 0  = 8 , 8 0 0 .

The e x t i n c t i o n  c o e f f i c i e n t  v a lu e s  d e te rm in e d  f o r  2*&3'-CMP 

a r e  u s e d  t o  e s t im a te  P o ly  C c o n c e n t r a t i o n s  ( e x p re s s e d  i n  mono

m e r ic  CiVIP u n i t s )  s in c e  p o l y r i b o n u c l e o t i d e s  a r e  h y d ro ly z e d , v i a  

t r e a t m e n t  w i th  m ild  a l k a l i ,  t o  a  m ix tu re  o f  2 '& 3 '-m o n o n u c le o tid e  

i s o m e r s .  I n  e a c h  c a s e  an  a l i q u o t  o f  a  p a r t i c u l a r  P o ly  C s o l u t i o n  

i s  h y d ro ly z e d  w i th  0 . 3  N KOH f o r  22 h o u rs  a t  3 7 °C.  The r e s u l t i n g  

h y d r o ly s a t e  i s  a d j u s t e d  t o  pH 7*0, ^ .5 ,  o r  2 .5  an d  th e  e x t i n c t i o n  

c o e f f i c i e n t  v a lu e  o f  2*&3’ -CMP a t  th e  p r o p e r  pH v a lu e  i s  u se d  to  

e x p r e s s  th e  P o ly  C c o n c e n t r a t i o n  i n  m onom eric CMP u n i t s .

P o lv  C Hvnochrom ism  S tu d ie s

•The d e g r a d a t io n  o f  P o ly  C v i a  a l k a l i n e  h y d r o ly s i s  i s  n o t  

o n ly  a  u s e f u l  m ethod  f o r  th e  s p e c t r o p h o te r n e t r ie  d e te r m in a t io n  o f  

P o ly  C c o n c e n t r a t i o n s  ( e x p re s s e d  i n  m onom eric u n i t s ) , b u t  i s  a l s o  

a  u s e f u l  m ethod  f o r  hypochrom ism  s t u d i e s  on th e  hom opolym er. 

H ypochrom ism  i n  P o ly  C was fo u n d  t o  be  s l i g h t l y  v a r i a b l e  from  

sam p le  to  sa m p le . T h is  v a r i a t i o n  was m in im a l w i th  sa m p le s  a t  

c o m p a rab le  pH v a lu e s .  I n  a l l  c a s e s ,  th e  h y p o ch ro m ic  e f f e c t  was 

fo u n d  to  be g r e a t e s t  a t  pH v a l u e s  n e a r  4 .0  w h ere  hypochrom ism  

v a l u e s  a p p ro a c h e d  45%. I t  i s  a t  t h i s  pH where P o ly  C e x i s t s  p r i 

m a r i l y  a s  a  d o u b le - s t r a n d e d  h e l i x  and  h y d ro g en  b o n d in g  b e tw een  

c y to s in e  r e s i d u e s  a l lo w s  f o r  maximum b a s e  s t a c k in g  i n t e r a c t i o n s .  

The o v e r la p  o f  p i  o r b i t a l s  o f  t h e  s ta c k e d  b a s e s  h a s  b een  s u g g e s te d  

t o  b e  th e  p r im a ry  hypochrom ism  f a c t o r  i n  p o l y n u c l e o t i d e s .
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A t pH v a l u e s  n e a r  n e u t r a l i t y ,  t h e  hypochrom ism  w as fo u n d  to  

be  lo w e r  ( c a .  3 0 ^0 , th o u g h  s t i l l  q u i t e  s i g n i f i c a n t ,  s u g g e s t in g  

a  g r e a t  d e a l  o f  s e c o n d a ry  s t r u c t u r e  a t  n e u t r a l  pH. The p r im a ry  

c o n fo rm a tio n  o f  P o ly  C a t  t h i s  pH i s  a  s i n g l e - s t r a n d e d  h e l i x  

s t a b i l i z e d  by  c y to s in e  b a s e  s t a c k i n g  i n t e r a c t i o n s  a lo n g  th e  

p o ly m e r  c h a in .

F ig u r e s  1 2 -1 5  show UV s p e c t r a  o f  v a r i o u s  P o ly  C s o l u t i o n s  

b e f o r e  an d  a f t e r  a l k a l i n e  h y d r o ly s i s  w i th  a p p r o p r i a t e  c o n t r o l s  

o f  d i l u t e d  P o ly  C. The i n c r e a s e  i n  a b s o rb a n c e  o f  t h e  h y d r o ly 

s a t e  o v e r  th e  d i l u t e d  p o ly m e r r e v e a l s  th e  hypochrom ism  e f f e c t  

o f  t h e  p o ly m e r . The h y d r o ly s a te  (2*&3'-CMP) w as ex am ined  an d  

fo u n d  to  show no  h y p o ch ro m ic  e f f e c t s  due t o  n o n - i n t e r a c t i o n  

o f  t h e  CMP r e s i d u e s .

T herm al D é n a tu r a t io n  S tu d ie s

UV a b s o r p t io n - te m p e r a tu r e  p r o f i l e s  o f  P o ly  C w ere  p e rfo rm e d  

i n  o r d e r  t h a t  m e l t in g  ( d é n a t u r a t i o n )  c h a r a c t e r i s t i c s  an d  Tm 

( m e l t in g  te m p e r a tu re )  v a lu e s  c o u ld  be  e v a lu a t e d .  T h e se  m e l t in g  

p r o f i l e s  w ere  c a r r i e d  o u t  a t  pH v a lu e s  n e a r  n e u t r a l i t y  an d  n e a r  

pH 4 .1  i n  0 .1  M Na"*" a q u eo u s  b u f f e r  s o l u t i o n s .  The m e l t i n g  c u rv e  

d a t a  on P o ly  C a t  pH 6 .8  and  7 .0  ( i n  0 .1  M Na p h o s p h a te  b u f f e r )  

i s  shown i n  T a b le  4 . The m e l t i n g  p r o f i l e  ( s e e  F ig u re  16) show s 

a  g r a d u a l  n o n - c o o p e r a t iv e  d é n a t u r a t i o n  o f  th e  p o ly m er w i th  a  

Tm = 50* C. T h is  d a t a  le n d s  e v id e n c e  to  s u p p o r t  th e  p ro p o se d  

s i n g l e  h e l i c a l  c o n fo rm a tio n  o f  P o ly  G a t  t h i s  pH. T h is  i s  shown 

by th e  g r a d u a l ,  c o n s ta n t ,  i n c r e a s e  i n  a b s o r p t io n  ( a t  268nm) w i th
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i n c r e a s i n g  te m p e r a tu r e ,  s u g g e s t in g  n o n - c o o p e r a t iv e  b a s e - u n s t a c k in g  

a c t i o n s  a s  w ould  be  e x p e c te d  o f  su c h  a  s i n g l e - s t r a n d e d  s t r u c t u r e .

The d é n a t u r a t i o n  d a ta  a t  pH 4 .1  an d  4 .5  show a  v e r y  d i f f 

e r e n t  m e l t in g  p r o f i l e .  The r e s u l t s  ( s e e  T a b le  5 an d  F ig u re  1?) 

show a n  i n i t i a l  d e c r e a s e  i n  a b s o r p t i o n  a t  /Imax (2?3nm ), a  s t a b i l i 

z a t i o n ,  th e n  a  su d d en  i n c r e a s e  i n  a b s o r p t io n  n e a r  75*C. T h is  

m e l t i n g  p r o f i l e  i s  i n d i c a t i v e  o f  c o o p e r a t iv e - ty p e  m e l t i n g  an d  

c a n  b e  e x p la in e d  on t h e  b a s i s  o f  t h e  p ro p o s e d  d o u b l e - h e l i c a l  

c o n fo rm a tio n  o f  th e  p o ly m e r  a t  t h e s e  pH v a l u e s .  The i n i t i a l  

d e c r e a s e  i n  a b s o r p t io n  a t  2?3nm i s  a p p a r e n t l y  due t o  t h e  fo rm a

t i o n  o f  a  m ore p e r f e c t  h e l i x  ( a  m ore o r d e re d  c o n f o r m a t io n ) . The 

s t r u c t u r e  th e n  a p p a r e n t l y  e n t e r s  a  p h a s e  o f  s t a b i l i z a t i o n  a s  

n o  o p t i c a l  p r o p e r t y  c h a n g e s  a r e  o b s e rv e d .  T h is  s t a b i l i z a t i o n  

p h a s e  i s  fo l lo w e d  by a  su d d en  i n c r e a s e  i n  a b s o rb a n c e  a t  2?3nm, 

i n d i c a t i v e  o f  a  n u c l é a t i o n  e v e n t  w h ic h  in v o lv e s  c o o p e r a t iv e  

h y d ro g e n  bond  b re a k a g e  w i th  t h e  c o n c o m ita n t  u n s ta c k in g  o f  c y to s in e  

b a s e s .

I t  s h o u ld .b e  n o te d  t h a t  i n  n o n e  o f  t h e  d é n a t u r a t i o n  p r o f i l e s  

i s  t h e r e  o b s e rv e d  an  i n c r e a s e  i n  a b s o r p t io n  w h ich  can  be com pared  

t o  t h a t  s e e n  upon  a l k a l i n e  h y d r o l y s i s .  T h is  i n d i c a t e s  t h a t  ev en  

a t  v e r y  h ig h  te m p e r a tu r e s  a  c e r t a i n  d e g re e  o f  s e c o n d a ry  s t r u c t u r e  

s t i l l  e x i s t s .  T h is  s h o u ld  n o t  be  s u r p r i s i n g  f o r  hom opolym ers 

s u c h  a s  P o ly  C w here t o t a l  d é n a t u r a t i o n  (no  b a s e  s t a c k i n g  i n t e r 

a c t i o n s )  w ou ld  be h ig h ly  u n l i k e l y .
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A cid -B ase  T i t r a t i o n  o f  P o lv  C

P o ly  C e x h i b i t s  tw o pK v a l u e s  i n  t h e  a c i d  r a n g e ,  one a t  

a p p r o x im a te ly  5*7 a n d  th e  o t h e r  a t  a b o u t  3*3* E ach  o f  t h e s e  

i n v o l v e s  t h e  p r o t o n a t i o n  o f  t h e  c y t o s i n e  e n d o c y c l ic  n i t r o g e n .

The a c i d - b a s e  t i t r a t i o n  c u r v e ,  shown i n  F ig u r e  18 , p o r t r a y s  a  

tw o - s t e p  p r o c e s s .  The f i r s t  s t e p  o c c u r s  a t  a b o u t  pH 5*9 ( p o in t  

A ) . A t t h i s  pH t h e r e  i s  a n  a b r u p t  u p ta k e  o f  p r o to n s  by  th e  

p o ly m e r  ( e n d o c y c l i c  n i t r o g e n  p r o to n a t i o n )  w i th o u t  a n y  s i g n i 

f i c a n t  ch an g e  i n  t h e  pH o f  t h e  s o l u t i o n .  I t  i s  a t  t h i s  pH w h ere  

t h e  p ro p o s e d  c o n f o r m a t io n a l  t r a n s i t i o n  from  th e  s i n g l e - h e l i c a l  

fo rm  t o  t h e  d o u b l e - h e l i c a l  fo rm  i s  th o u g h t  t o  o c c u r .  When 

a p p r o x im a te ly  0 .3 8  p ro to n s /C M P  a r e  p r e s e n t  ( p o in t  B) t h e  pH o f  

t h e  s o l u t i o n  g r a d u a l l y  d e c r e a s e s  w i th  a  c o n c o m ita n t  g r a d u a l  u p 

t a k e  o f  p r o to n s  b y  t h e  p o ly m e r . A t p o i n t  C, 0 .5  p ro tons/C M P  

a r e  p r e s e n t .  A t t h i s  p o i n t ,  t h e  h e m ip ro to n a te d  d u p le x  form  o f  

P o ly  C s h o u ld ,  t h e o r e t i c a l l y ,  be  i n  i t s  m o s t s t a b l e  fo rm , w i th  

r e g a r d  to  t h e  p ro p o s e d  h y d ro g e n  b o n d in g  sch em e. The pH a t  p o i n t  

C i s  a b o u t  4 . 5 .

A t p o i n t  D, a  s e c o n d  t r a n s i t i o n  o c c u r s  i n  w h ic h  a n  i n c r e a s e d  

r a t e  o f  p r o to n  u p ta k e  by  t h e  p o ly m e r  o c c u r s  w i th  l i t t l e  ch an g e  

i n  t h e  pH o f  t h e  s o l u t i o n .  F i n a l l y ,  when t h e  p ro ton :C M P  r a t i o  

e q u a l s  o n e , i t  i s  assu m ed  t h a t  a l l  t h e  e n d o c y c l ic  n i t r o g e n s  o f  

th e  c y t o s i n e  r e s i d u e s  h av e  b e en  p r o to n a t e d .  T h is  o c c u r s  a t  a b o u t  

pH 3 . 1 .  C o n tin u e d  a d d i t i o n  o f  HCl r e s u l t s  i n  t h e  p r e c i p i t a t i o n  

o f  t h e  P o ly  C.

T h ese  r e s u l t s  a g r e e  f a i r l y  w e l l  w i th  th o s e  r e p o r t e d  by  H artm an  

e t  a l . ^ ^  an d  a r e  c o n s i s t e n t  w i th  t h e  s u g g e s t io n  t h a t  th e  d o u b le
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h e l i c a l  c o n fo rm a tio n  o f  P o ly  C b e g in s  t o  fo rm  upon  p r o to n a t i o n  

o f  t h e  c y t o s i n e  e n d o c y c l ic  n i t r o g e n  (w h ich  b e g in s  a t  a p p r o x im a te ly  

pH 5 * 7 )•  T h is  c o n fo rm a tio n  i s  s t a b i l i z e d  by  t h e  a d d i t i o n  o f  one 

p r o to n  p e r  b a s e  p a i r  a s  e v id e n c e d  b y  th e  c u rv e  w h ich  show s a  g r a d u a l  

pH ch an g e  i n  t h e  r e g i o n  a ro u n d  0 .5  p ro to n /C M P . The c o n t in u e d  

p r o t o n a t i o n  o f  t h e  e n d o c y c l ic  n i t r o g e n  b e tw e e n  p o i n t s  B an d  D 

(pH 5*6 an d  3*7) i s  r e s i s t e d  som ew hat u n t i l ,  a t  p o i n t  D, t h e  r a t e  o f  

p r o t o n a t i o n  i n c r e a s e s .  Upon f u r t h e r  p r o to n a t i o n  t h e  d o u b le  h e l i x  

p r o b a b ly  s p l i t s  a p a r t  due t o  l i k e - c h a r g e  r e p u l s i o n  a n d  p r e c i p i t a 

t i o n  f i n a l l y  o c c u r s  a t  c a .  pH 3 .0 *
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PART I I

BASE PAIRING BET'̂ VEEN POLYNUCLEOTIDES 
AND COMPLEMENTARY NUCLEOSIDES

CHAPTER I  

INTRODUCTION AND LITERATURE REVISA

The p r o p e r t y  o f  n u c l e i c  a c i d s  w h ich  i s  d i r e c t l y  in v o lv e d  i n  

th e  s to r a g e ,  t r a n s l a t i o n  and  e x p r e s s io n  o f  g e n e t i c  in f o r m a t io n  i n  

l i v i n g  s y s te m s , i s  th e  s p e c i f i c  i n t e r a c t i o n  b e tw een  th e  p u r in e  

an d  p y r im id in e  b a s e s .  T h is  p r o p e r t y ,  f i r s t  p ro p o s e d  by

A a tso n  and C r ic k ,  i s  e x p la in e d  by  th e  s p e c i f i c  h y d ro g e n  b o n d in g  

c o m p le m e n ta r i ty  o f  a d e n in e  w i th  th y m in e  o r  u r a c i l  and  o f  g u a n in e  

w i th  c y t o s i n e .  I n  t h i s  m an n er, t h e  b a s e  s e q u e n c e  o f  DMA i s  

r e p l i c a t e d  " s e m ic o n s e r v a t iv e ly "  an d  th e  g e n e t i c  in f o r m a t io n  ( e x 

p r e s s e d  a s  t h e  b a se  se q u e n c e )  i s  th e r e b y  c o n s e rv e d  and  can  u l t i m a t e l y  

be  t r a n s l a t e d  i n t o  p r o t e i n  v i a  RNA m e d ia t io n .

E v id e n c e  f o r  co m p lem en ta ry  b a s e  p a i r i n g  h a s  b een  d e m o n s tra te d  

i n  many n u c l e i c  a c i d  m odel s y s te m s .  Among th e  s t u d i e s  r e p o r t e d ,  

co m p lem en ta ry  h o m o p o ly n u c le o tid e  sy s te m s  h av e  r e c e iv e d  th e  m o s t 

a t t e n t i o n .  C om plexes fo rm ed  b e tw ee n  h o m o p o ly n u c le o tid e s  and  t h e i r  

co m p lem en ta ry  n u c l e o s id e s ,  h o w ev er, h ave  r e c e iv e d  l i t t l e  a t t e n t i o n  

i n  p a s t  y e a r s ,  b u t  seem t o  p r o v id e  s im p le  an d  f l e x i b l e  sy s te m s  f o r  

i n v e s t i g a t i o n s  o f  b a s e  p a i r i n g  an d  com plex  f o r m a t io n .  Of m a jo r



i n t e r e s t  t o  t h i s  s tu d y  a r e  t h e  b a s e  p a i r i n g  i n t e r a c t i o n s  b e tw een  

g u a n o s in e  a n d  P o ly  C, a n d  b e tw e e n  a d e n o s in e  an d  P o ly  U. A v a r i e t y  

o f  i n v e s t i g a t i o n s  r e g a r d in g  t h e s e  i n t e r a c t i o n s  h av e  b e e n  r e p o r t e d  

i n  th e  l i t e r a t u r e . ^ 8 -6 6

I n t e r a c t i o n s  b e tw e e n  P o ly  U an d  a d e n o s in e  w ere  s t u d i e d  i n  

c o n s id e r a b le  d e t a i l  by  Huang a n d  T s 'o .^ ^ * ^ ^  U s in g  t h e  te c h n iq u e  

o f  e q u i l ib r iu m  d i a l y s i s ,  t h e y  show ed a  c r i t i c a l  t h r e s h h o ld  c o n c e n 

t r a t i o n  o f  a d e n o s in e  w as e s s e n t i a l  f o r  i n i t i a l  c o m p le x in g  t o  P o ly  U. 

Upon n u c l é a t i o n ,  b in d in g  o f  th e  n u c l e o s id e  to  th e  p o ly m e r was 

fo u n d  t o  o c c u r  i n  a  c o o p e r a t iv e  f a s h io n .  A t s a t u r a t i o n  o f  b in d in g  

s i t e s  (when com plex  fo rm a t io n  f a i l e d  t o  i n c r e a s e )  t h e  s to i c h io m e t r y  

o f  th e  com plex  was fo u n d  t o  be  c a .  2U:1A. F u r th e r  i n v e s t i g a t i o n s  

o f  t h i s  sy s te m  by  B u rr  e t  a l . ^ ^  w ere  c a r r i e d  o u t  i n  o r d e r  t o  s tu d y -  

c e r t a i n  th erm o d y n am ic  p a r a m e te r s  o f  com plex  f o r m a t io n .  I n  t h e i r  

s tu d y  a  th erm o d y n am ic  m odel w as d e v e lo p e d  t o  r e p r e s e n t  th e  e n t i r e  

b in d in g  i s o th e r m  f o r  t h e  c o o p e r a t iv e  b in d in g  o f  a d e n o s in e  t o  P o ly  U.

The s t u d i e s  o f  th e  P o ly  U :A d en o sin e  sy s te m  e n c o u ra g e d  i n v e s 

t i g a t i o n s  i n t o  th e  a n a lo g o u s  P o ly  C :G u an o s in e  s y s te m . I n v e s t i g a t i o n s  

i n  t h i s  s p e c i f i c  a r e a  have  b e e n  r e p o r t e d  by  S a ro c c h i  e t  a l . ^ ^  an d  

D a v ie s  e t  a l . ^ ^  D i p s e t t ^ ^ '^ ^  r e p o r t e d  a  1 :1  G:G com plex  b e tw e en  

g u a n in e  t r i n u c l e o t i d e  an d  P o ly  C a t  d i l u t e  c o n c e n t r a t i o n s  o f  r e 

a c t a n t s  ( 0 . 1  mM) and  pH 7 .4 .  The s t a b i l i t y  o f  th e  com plex  ( e v id e n c e d  

by  Tm s t u d i e s )  was fo u n d  t o  be h ig h ly  d e p e n d e n t upon th e  c o n c e n t r a 

t i o n  o f  th e  t r i m e r .  An i n c r e a s e  i n  th e  GpGpG c o n c e n t r a t i o n  m a rk e d ly  

s t a b i l i z e d  t h e  co m p lex . A 2 :1  P o ly  C :o l ig o  G com plex  was fo u n d  

when pH c o n d i t i o n s  w ere  i n  t h e  r a n g e  5 * 0 - 6 . 0 .  The d e g re e  o f  p r o to n 
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a t i o n  o f  t h e  p o ly m e r  w h ic h  o c c u r s  i n  t h i s  pH ra n g e  seem s im p o r ta n t  

i n  t h e  f o r m a t io n  o f  t h e  C-KJ+C co m p lex . The Tm o f  th e  2 :1  com plex» 

a s  r e p o r t e d  b y  L ip se tt,^ "^  w as c a .  4 2 * 0 , c o n s id e r a b l y  g r e a t e r  th a n  

t h a t  o b s e rv e d  f o r  th e  1 :1  com plex  (Tm = 2 3 * 0 ) , i n d i c a t i n g  g r e a t e r  

s t a b i l i t y  o f  t h e  t r i p l e x  o v e r  t h e  d u p le x .  Below  a r e  shown t h e  

p ro p o s e d  s t r u c t u r e s  o f  t h e  co m p lex es  a s  s u g g e s te d  b y  L i p s e t t .

H

(I) 0----

H------

H —

H

H

H /

( I I )  K " \  + /= 0  SUGAR PHOSPHATE OHAIN

H-N „
t  : ?  f  H

h/Y ^ " = ' -V  N
/  H

57F ig u r e  19* P o ly  0 :G u a n in e  co m p lex es  a s  s u g g e s te d  by  l i p s e t t . ^ '
( I ) - 1 :1  co m p lex ; ( I I ) - 2 : 1  0;G  co m p lex .

I n  19 6 8 , H uang a n d  T s 'o  r e p o r t e d  t h e  f o rm a t io n  o f  i n s o l u b l e  

co m p lex es  o f  P o ly  0 w i th  g u a n in e  m ono- a n d  t r i p h o s p h a t e s  u n d e r  

c o n d i t i o n s  o f  h ig h  n u c l e o t i d e  c o n c e n t r a t i o n  ( 0 .0 1 - 0 .0 2  M), low  

Mg"*^ ( 4 .0  mM) a n d  low  te m p e r a tu r e .  As th e  com plex  fo rm ed  th e  

n u c l e o s id e s  w ere  s a i d  t o  becom e " p o ly m e r - l ik e "  an d  a  p h a s e  t r a n s i t i o n  

o c c u r r e d  w h ich  r e s u l t e d  i n  th e  p r e c i p i t a t i o n  o r  g e l a t i o n  o f  t h e
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co m p lex  n e a r  0 C. The s to i c h i o m e t r y  o f  t h e  com plex  w as fo u n d  t o  

b e  c a .  1C:1G . G uan ine  b a s e  s t a c k i n g  i n t e r a c t i o n s ^ ^ ” ^^ w ere  s u g g e s te d  

a s  t h e  p r im a r y  f a c t o r s  in v o lv e d  i n  th e  c o o p e r a t iv e  c o m p le x in g  e f f e c t  

w h ic h  w as o b s e rv e d .

P ochon  e t  a l . ^ ^  fo u n d  t h a t  a  s t a b l e  1 :1  P o ly  C :P o ly  G com plex  

fo rm s  r a p i d l y  a t  low  t e m p e r a tu r e ,  i n  0 .1  K NaCl a t  pH 7 .1 .  F u r th e r  

s t u d i e s  show ed t h a t  when P o ly  G w as t r e a t e d  w i th  a l k a l i  t o  c a u s e  

p a r t i a l  d e g r a d a t io n  t o  o l i g o  G and  s h o r t  c h a in  P o ly  G, a  2 :1  com plex  

w as fo rm ed  w i th  P o ly  C. The s to i c h i o m e t r y  o f  t h i s  com p lex  w as 

2G:1C and  w as assum ed  t o  b e  t r i p l e  s t r a n d e d  w i th  G+G+C-type i n t e r 

a c t i o n s .

Howard an d  c o w o rk e rs^ ^  r e p o r t e d  i n v e s t i g a t i o n s  o f  co m p lex es  

fo rm e d  b e tw e e n  P o ly  C an d  a  v a r i e t y  o f  g u a n y l  m onom ers. I t  w as 

fo u n d  t h a t  com plex  f o rm a t io n  b e tw e e n  a  hom opolym er a n d  i t s  com

p le m e n ta r y  monomer (b e  i t  t h e  n u c l e o t i d e ,  n u c l e o s id e ,  o r  t h e  lo n e  

n i t r o g e n  b a s e )  o c c u r s  i n  a  w e l l - d e f i n e d  s to i c h i o m e t r y  u n d e r  c e r t a i n  

c o n d i t i o n s .  T hese  s t u d i e s  show t h a t  h e l i x  f o rm a t io n  in v o l v i n g  

s p e c i f i c  p a i r i n g  b e tw e e n  b a s e s  i s  p o s s i b l e  ev en  when one o f  th e  

co m p o n en ts  l a c k s  b o th  i n t e r n u c l e o t i d e  l i n k a g e s  (p h o s p h a te  g ro u p s )  

an d  s u g a r  m o i e t i e s .  The co m p a ra b le  s t a b i l i t i e s  o f  t h e  co m p lex es  

fo rm ed  i n  e a c h  c a s e  p r o v id e  in f o r m a t io n  i n t o  f o r c e s  r e s p o n s i b l e  

f o r  s t a b i l i z a t i o n  o f  t h e s e  an d  o t h e r  p o ly n u c le o t id e  h e l i c e s .

The f o rm a t io n  o f  m onom er:po lym er co m p lex es  a p p a r e n t l y  o c c u r s  

a t  t h e  e x p e n se  o f  th e  p o ly m e r (P o ly  C) s e l f - s t r u c t u r e  w h ich  w ould  

o th e r w is e  b e  q u i t e  s t a b l e .  A t s l i g h t l y  a c i d  pH, t h e  2C:1G com plex  

i s  g e n e r a l l y  p r e f e r r e d  (m ore s t a b l e )  o v e r  t h e  1C:1G com plex  (pH 

7 .4 ) ^ 3  I n  t h e s e  t r i p l e x e s ,  i t  a p p e a r s  n e c e s s a r y  f o r  th e  m onom eric
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com ponent (g u a n y l monomer) t o  o ccu p y  th e  c e n t r a l  s t r a n d  and  

th e r e b y  be  bonded  on tw o s id e s  by p o ly m er (P o ly  C) c h a in s .

T h is  i s  p r o b a b ly  th e  c a s e  s in c e  p y r im id in e  n u c le o s id e s  l a c k  an  

N -7 a c c e p to r  p o s i t i o n  an d  th u s  c a n n o t  r e c e i v e  a  t h i r d  s t r a n d ;  

n o r  do th e y  a p p e a r  t o  be a b le  t o  s e r v e  a s  o u t s id e  s t r a n d s .  I t  

a l s o  a p p e a r s  l i k e l y  t h a t  th e  s m a l l e r  p l a n a r  a r e a  o f  a  p y r im id in e  

w o u ld  r e s u l t  i n  l e s s  o v e r la p  o f  t h e  b a s e s  an d  a s  a  c o n se q u e n c e , 

l e s s  s t a b i l i z a t i o n  by  b a s e  s t a c k in g  i n t e r a c t i o n s .  The 2C;1G 

co m p lex es  w ere  fo u n d  t o  h ave  a  Tm = 36*C ( i n  0 .1  M N a^, a c id  pH ), 

w h i le  th e  1 :1  P o ly  C:5*-GMP com plex  a t  pH 7 .4  was fo u n d  t o  have  

a  Tm = 14*C .^1  The 1 :1  com plex  w as e x p la in e d  on th e  b a s i s  o f  

l a c k  o f  p r o to n a t i o n  o f  h a l f  th e  C 's  i n  P o ly  C w h ich  i s  n e c e s s a r y

f o r  t h e  a t ta c h m e n t  o f  th e  t h i r d  s t r a n d .
70M ile s  h a s  s u g g e s te d  t h a t  t h e s e  m onom er:po lym er i n t e r a c t i o n s  

may r e p r e s e n t  one p o s s i b l e  m echanism  f o r  th e  c o n t r o l  o f  th e  e x p r e s s io n  

o f  g e n e t i c  i n f o r m a t io n .  Such c o n t r o l  c o u ld  o c c u r  a t  t h e  l e v e l  o f  

t r a n s l a t i o n  o f  mRNA t o  p r o t e i n  w h ere  c e r t a i n  p o r t i o n s  o f  th e  mRNA 

m ig h t  be c o n v e r te d  t o  h e l i c a l  r e g io n s  an d  th u s  be u n a v a i l a b le  

f o r  b in d in g  t o  t h e  r ib o s o m e .

C o m d ex  F o rm a tio n  B etw een P o lv  C an d  G u an o sin e

Complex f o rm a t io n  b e tw een  P o ly  C an d  th e  g u a n y l m onom ers, 

g u a n o s in e  an d  d e o x y g u a n o s in e  h a s  b een  i n v e s t i g a t e d  by S a r o c c h i .  ^  

R e s u l t s  o f  t h e s e  s t u d i e s  showed t h a t  b in d in g  o f  th e  monomer to  th e  

p o ly n u c le o t id e  was c o n c e n t r a t i o n  d e p e n d e n t ,  i . e .  com plex fo rm a tio n  

d id  n o t  o c c u r  u n t i l  a  c r i t i c a l  c o n c e n t r a t i o n  o f  th e  monomer was 

r e a c h e d .  Upon i n i t i a t i o n  o f  com plex  f o rm a t io n ,  c o o p e r a t iv e - ty p e
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b in d in g  f o l lo w e d  u n t i l  s a t u r a t i o n  was r e a c h e d .  A t pH 4 . i n  0 .1

M Na"*” a c e t a t e  b u f f e r ,  a  2C;1G s to i c h io m e t r y  w as fo u n d  t o  e x i s t  a t

t h e  s a t u r a t i o n  p o i n t ,  t h e  com plex  h a v in g  a  ‘Tm = 3 6 * 0 . A t pH 6 .6 ,

i n  0 .1  M Na a c e t a t e ,  a  1 :1  com plex  was fo rm e d . I n  t h e  l a t t e r  c a s e

th e  p r e s e n c e  o f  m agnesium  io n  a n d  h ig h e r  monomer c o n c e n t r a t i o n  w as

fo u n d  n e c e s s a r y  f o r  s t a b l e  com plex  f o r m a t io n .  The 1C:1G com plex

w as fo u n d  t o  h av e  a  Tm = 14*0 .

I n  o r d e r  t o  i n v e s t i g a t e  t h e  s i t e s  in v o lv e d  i n  th e  2C:1G com plex ,

c h e m ic a l  s u b s t i t u t i o n s  w ere  made on g u a n o s in e  m onom ers i n  s e l e c t e d

l o c a t i o n s .  I t  w as fo u n d  t h a t  s u b s t i t u t i n g  a t  p o s i t i o n s  s u p p o s e d ly

in v o lv e d  i n  th e  t r i p l e x  i n t e r a c t i o n  r e s u l t e d  i n  no  com plex  f o r m a t io n .

T h is  was fo u n d  to  be  t h e  c a s e  i n  th e  i n t e r a c t i o n  o f  P o ly  C w i th

7 -m e th y l  g u a n o s in e ,  6 - c h lo r o p u r in e  r i b o s i d e ,  6 - t h i o  g u a n o s in e ,

2 ,6 - d ia m in o p u r in e  r i b o s i d e ,  an d  a d e n o s in e .

Com plex fo rm a t io n  b e tw een  P o ly  C an d  g u a n o s in e  d e m o n s tr a te s

t h a t  t h e s e  m o n o n u c le o s id e s  can  s t a c k  and  form  p s e u d o -p o ly m e rs

upon  th e  te m p la te  (P o ly  G ). The CRD and CD s p e c t r a  o f  t h e s e  P o ly

C :g u a n o s in e  co m p lex es  c l o s e l y  r e s e m b le  th o s e  s p e c t r a  r e p o r t e d

f o r  P o ly  C :F o ly  G co m p lex es  a t  a c i d  p H .^ ^ "^ ^

The t r i p l e  s t r a n d e d  com plex  ( 2 C : l G ) a t  a c i d  pH v a lu e s  p r e s e n t s

th e  p o s s i b i l i t y  f o r  tw o d i f f e r e n t  b in d in g  schem es b e tw een  th e
73t h r e e  b a s e s .  M organ an d  W e lls  i n  t h e i r  s t u d i e s  o f  h y b r id  t r i p l e  

h e l i c e s  f a v o r  a  s t r u c t u r e  shown i n  F ig u re  20A, im p ly in g  a  W atson- 

C r ic k  an d  H o o g s tee n  p a i r  w i th  a  s e c o n d  c y t o s i n e  r e s i d u e  com plexed  

v i a  a  s h a re d  p r o to n  to  N? o f  g u a n in e .  l i p s e t t , h o w e v e r ,  

f a v o r s  a  t r i p l e x  in v o lv in g  a  r e v e r s e  H o o g s te e n  p a i r .  T h is  com plex  

i n i t i a l l y  a p p e a r s  l e s s  p ro b a b le  f o r  s t e r i c  r e a s o n s .  H ow ever, th e
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s t r u c t u r e  s u g g e s te d  b y  L i p s e t t  ( F ig u r e  20B) w o u ld  b e t t e r  a c c o u n t  

f o r  th e  d é n a t u r a t i o n  an d  r e n a t u r a t i o n  o f  t h e  com plex , s in c e  i n  t h i s  

a r ra n g e m e n t th e  tw o P o ly  C s t r a n d s  a r e  p a r a l l e l  a s  i n  th e  a c i d  fo rm  

o f  P o ly  C.

1 “ "XX
“ N

F ig u r e  2 0 . P o s s i b l e  b in d in g  schem es f o r  th e  2C:1G t r i p l e x .
A -p ro p o se d  by  M organ an d  W e lls ;  B -p ro p o se d  by  L i p s e t t .

The m eth o d  o f  e q u i l ib r iu m  d i a l y s i s  h a s  b een  u s e d  t o  m e a su re

t h e  a c t u a l  d e g re e  o f  b in d in g  o f  a  monomer t o  a  hom opolym er a t

e q u i l i b r iu m  (b y  m e a s u r in g  th e  am ount o f  u n com plexed  monomer

p r e s e n t  a t  e q u i l i b r i u m ) .  T h is  m ethod  was u s e d  i n  th e  P o ly  U:

A d e n o s in e  s y s t e m a n d  i n  t h e  P o ly  C ;G u an o sin e^ ^  and  P o ly  C ;D eoxy-
64

g u a n o s in e  s y s te m s .  T h is  t e c h n iq u e ,  com bined  w i th  m e l t i n g  p r o f i l e s

h e lp  p r o v id e  d e t a i l e d  in f o r m a t io n  a b o u t  t h e  s to i c h io m e t r y  an d

s t a b i l i t y  o f  p o ly n u c le o tid e :m o n o m e r  c o m p lex e s .

The b in d in g  i s o th e r m s  f o r  t h e  P o ly  U ;A d en o sin e  an d  P o ly  C:
64D eo x y g u an o sin e  s y s te m s , a s  r e p o r t e d  by D a v ie s  an d  D av id so n  a r e  

shown i n  F ig u re  2 5 . T h ese  b in d in g  is o th e r m s  show t h r e e  p r i n c i p a l  

t h i n g s :  (1 ) a  c o n c e n t r a t i o n  d ep en d e n c e  o f  th e  monomer f o r  b in d in g ,

(2 )  a  s t r o n g l y  c o o p e r a t iv e  b in d in g  p r o c e s s  w h ich  o c c u r s  upon n u 

c l é a t i o n ,  an d  (3 )  an  a p p ro x im a te  2 :1  po lym er:m onom er s to i c h io m e t r y
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w h ic h  i s  e v id e n t  a t  s a t u r a t i o n .  I n  c o n t r a s t  t o  th o s e  r e p o r t s  

o f  o t h e r  i n v e s t i g a t o r s ,  th e y  r e p o r t e d  a  2 :1  p o lym er:m onom er 

s to i c h i o m e t r y  a t  pH 7 , 1  w h ic h  h a d  a  Tm .of 17"C . The s t a b i l i t y  

o f  t h e  co m p lex  w as fo u n d  t o  i n c r e a s e  ( h ig h e r  Tm) a t  lo w e r  pH v a lu e s .

0 .5

0 .40 .4

0 .3

0.2

•H
• H

0 .5

0 .4

0 .3

0 . 2iH

0 . 1

Q kdenosine) x  10^ M L D eoxyguanosine) x  10^ M
F ig u r e  2 1 . B in d in g  i s o th e r m s  f o r  f o rm a t io n  o f  th e  P o ly  U :A d en o sin e  

co m p lex  a t  5 C, pH ? . l ,  0 .1 5  M ( a )  0 .0 0 3 3  M, (b )  0 .1 2 8  M
P o ly  Ü; an d  P o ly  C :D eo x y g u a n o sin e  com ulex  a t  4  C, pH 7 .1 ,  
0 .1 5  M Na"^ ( c )  0 .0 0 2 8  M, (d )  0 .0 1 1 2  M P o ly  C. (fro m  D a v ie s  
a n d  D a v id so n -  r e f e r e n c e  6 4 ) .

T h is  p a r t  o f  th e  s tu d y  w as p e r fo rm e d  i n  o r d e r  t h a t  th e  P o ly  C: 

D eo x y g u a n o s in e  com plex  c o u ld  be  c l e a r l y  d e f in e d  e x p e r im e n ta l ly .  

Upon f i n d i n g  th e  a p p r o p r i a t e  c o n d i t i o n s  f o r  com plex  f o r m a t io n ,  th e  

th e rm o d y n am ic  m odel u s e d  to  d e s c r i b e  t h e  b in d in g  o f  t h e  P o ly  U:
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A d e n o s in e  sy s te m  ( a s  ‘d e s c r ib e d  b y  B u r r  e t  a l . ^ ^ )  w i l l  be  a p p l i e d  

t o  th e  P o ly  C; D eo x y g u an o sin e  s y s te m  f o r  th e rm o d y n am ic  p a r a m e te r  

a n a l y s i s .
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CHAPTER I I

EXPERIMENTAL 

METHODS AND MATERIALS

E x t i n c t i o n  C o e f f i c i e n t  D e te rm in a t io n s  f o r  N u c le o s id e s

M o la r e x t i n c t i o n  c o e f f i c i e n t s  w ere e x p e r im e n ta l ly  d e te rm in e d  

f o r  th e  n u c l e o s id e s ,  d e o x y g u a n o s in e , g u a n o s in e ,  a d e n o s in e ,  6-N 

m e th y l a d e n o s in e ,  an d  1 -m e th y l a d e n o s in e .  T hese  com pounds w ere  

p u rc h a s e d  from  Sigm a C h em ica l Company an d  P&L L a b o r a t o r i e s .  The 

P e rk in -E lm e r  UV S p e c tro p h o to m e te r  (Colem an M odel 124) was u se d  

t o  m easu re  o p t i c a l  d e n s i t y  v a lu e s  o f  p r e c i s e  c o n c e n t r a t io n s  o f  

t h e s e  n u c l e o s id e s .  The a b s o rb a n c e  d a ta  w ere  th e n  u s e d  t o  c a lc u 

l a t e  e x t i n c t i o n  c o e f f i c i e n t  v a lu e s  ( u s in g  B e e r 's  Law) a t  a  g iv e n  

w a v e le n g th  (/)max) u n d e r  s p e c i f i c  c o n d i t io n s  o f  pH, i o n i c  s t r e n g t h ,  

an d  te m p e r a tu r e .  I n  m o st c a s e s  a  1 mm CD p a th l e n g th  c u r v e t t e  was 

u t i l i z e d .

E q u i l ib r iu m  D i a l y s i s

E q u i l ib r iu m  d i a l y s i s  e x p e r im e n ts  w ere  p e rfo rm e d  w i th  P l e x i g l a s  

a c r y l i c  p l a s t i c  d i s c s .  E ach  d i s c  ( d i a l y s i s  c e l l )  h ad  a  s m a ll  

c y l i n d r i c a l  d e p r e s s io n  o f  volum e a p p ro x im a tin g  200 p i .  A n a rro w



o r a f i c e  l e a d i n g  from  th e  s id e  o f  t h e  d e p r e s s io n  t o  t h e  o u t s i d e  

s u r f a c e  o f  t h e  d i a l y s i s  c e l l  a l lo w e d  a c c e s s  t o  e a c h  d e p r e s s io n  

cham ber w i th  t h e  u s e  o f  a  h y p o d e rm ic  s y r i n g e .  "These d i a l y s i s  c e l l s  

w e re  c o n s t r u c t e d  i n  t h e  P h y s ic s  D e p a rtm e n t W orkshop (O .U .) ,  e a c h  h av 

i n g  th e  f o l l o w in g  d im e n s io n s :
4  mm1 mm

2 . 5 4  cm 0 . 9 5  cm
The a p p a r a tu s  f o r  d i a l y s i s  e x p e r im e n ts  w as a s se m b le d  by  p l a c i n g

tw o  o f  th e  d i a l y s i s  c e l l s  f a c e  t o  f a c e ,  s e p a r a t e d  b y  a  p r e p a r e d

d i a l y s i s  m em brane ( s e e  n e x t  s e c t i o n ) .  The two c e l l s  w ere  h e ld

t o g e t h e r  w i th  a  "C" c la m p . The a p p a r a tu s  a r ra n g e m e n t i s  shown

b e lo w . The d i a l y s i s  c e l l s  w ere  r e a d i e d  f o r  u s e  by  w a sh in g  w i th

e th a n o l  f o l lo w e d  b y  c o m p le te  d r y in g  i n  a  warm oven f o r  c a .  0 .5  h o u r .

tn
c sn

- E q u i l ib r iu m  D i a l y s i s  A p p a ra tu s -

-59-



D i a ly s i s  Membrane S e le c t io n  and P r e p a r a t io n

F o r t h e  e q u i l i b r iu m  d i a l y s i s  e x p e r im e n ts  w h ich  a r e  t o  b e  d e s 

c r i b e d  s h o r t l y ,  a  d i a l y s i s  m em brane h ad  t o  b e  s e l e c t e d  w h ich  h ad  

c e r t a i n  c h a r a c t e r i s t i c s .  I t  h a d  t o  be s e m ip e rm e a b le , a l lo w in g  r e 

l a t i v e l y  s m a l l  m o le c u le s  ( n u c le o s id e s )  t o  p a s s  th r o u g h  f r e e l y ,  w h i le  

n o t  a l lo w in g  l a r g e r  m o le c u le s  ( p o ly n u c le o t id e s )  t o  p a s s  th ro u g h  a t  

a l l .  The m em brane h ad  t o  a l lo w  r e l a t i v e l y  f a s t  e q u i l i b r a t i o n  t im e  

(2 4 -4 8  h o u r s )  an d  be  e a s i l y  m a n ip u la te d .  A f t e r  s e v e r a l  a t t e m p ts  t o  

f i n d  a  d i a l y s i s  m em brane t o  m e e t t h e s e  c r i t e r i a ,  one was fo u n d —  

T e c h n ic o n  D i a l y s i s  M embrane (Type C ). T h is  p a r t i c u l a r  ty p e  o f  mem

b ra n e  i s  m o s t o f t e n  u s e d  i n  a u t o - a n a l y z e r  e x p e r im e n ts  f o r  th e  s e p 

a r a t i o n  o f  s m a l l  p o ly p e p t id e s  i n  p r o t e i n  p u r i f i c a t i o n  d i a l y s i s  w o rk . 

T h is  d i a l y s i s  m em brane h a s  a  m o le c u la r  w e ig h t  c u t o f f  o f  a p p r o x im a te ly  

3000 d a l t o n s .

D i a l y s i s  m em branes w ere  p r e p a r e d  a s  d e s c r ib e d  by  Huang an d  

T s * o .^ ^  The p r e p a r a t i o n  i s  i n i t i a t e d  by  c u t t i n g  t h e  d i a l y s i s  s h e e t  

t o  t h e  c i r c u l a r  d im e n s io n s  o f  t h e  f l a t  s u r f a c e  o f  th e  d i a l y s i s  c e l l .  

The c i r c u l a r  m em branes a r e  th e n  p la c e d  i n  c o ld  d i s t i l l e d  w a te r  an d  

a l lo w e d  t o  s w e l l  f o r  24 h o u r s .  The m em branes a r e  th e n  r i n s e d  i n  a  

Ifo EDTA s o l u t i o n  f o r  c a .  0 . 5  h o u r ;  p la c e d  i n  b o i l i n g  d i s t i l l e d  w a te r  

f o r  a b o u t  10 m in u te s ;  t r a n s f e r r e d  t o  a  b o i l i n g  s o l u t i o n  o f  5% NaHCO^ 

f o r  a b o u t  10 m in u te s ;  w ashed b r i e f l y  i n  d i s t i l l e d  w a te r ;  w ashed  

b r i e f l y  i n  50% e t h a n o l ;  th e n  f i n a l l y  p la c e d  i n  c o ld  d i s t i l l e d  

w a te r  and  k e p t  c o v e re d  u n t i l  r e a d y  f o r  u s e .  T h is  m em brane p r e p a r 

a t i o n  was p e r fo rm e d  i n  o r d e r  t o  rem ove t r a c e  am o u n ts  o f  U V -a b so rb in g  

m a t e r i a l s  w h ich  may h av e  b e e n  i n  c o n ta c t  w i th  t h e  m em brane, w h ich  

c o u ld  c a u s e  i n t e r f e r e n c e s  i n  th e  UV s p e c t r a l  d a t a .
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E q u il ib r iu m  D ia ly s i s  Exx>eriment:s

E q u i l ib r iu m  D i a l y s i s  e x p e r im e n ts  w ere  c a r r i e d  o u t  b y  i n j e c t i n g  

180 p i  o f  a  known c o n c e n t r a t i o n  o f  th e  hom opolym er ( P o ly  C o r  P o ly  

U) i n  one cham b er a n d  180 pi o f  a  known c o n c e n t r a t i o n  o f  n u c le o 

s i d e  (d e o x y g u a n o s in e  o r  a d e n o s in e )  i n  t h e  o p p o s i te  ch am b er. The 

i n j e c t i o n  p o r t s  w ere  t h e n  s e a l e d  an d  t h e  d i a l y s i s  a p p a r a tu s  w as 

t h e n  em m ersed i n  a  c o n s t a n t  t e m p e r a tu r e  w a te r  b a t h  (F orm a S c i e n t i f i c  

M odel 2 0 9 5 ) w h ic h  w as i n i t i a l l y  a l lo w e d  t o  c o o l  from  room  te m p e ra 

t u r e  t o  2 * 0 . The te m p e r a tu r e  w as th e n  h e ld  c o n s t a n t  a t  2*0 f o r  

48 h o u r s .  E q u i l ib r iu m  w as g e n e r a l l y  e s t a b l i s h e d  a f t e r  c a .  24  h r s .  

a t  t h i s  t e m p e r a tu r e  ( 2 * 0 ) ,  b u t  d i a l y s i s  was c o n t in u e d  f o r  48 h r s .  

t o  i n s u r e  t h a t  e q u i l i b r i u m  h a d  b e e n  r e a c h e d .  E q u i l i b r a t i o n  t im e  

w as d e te rm in e d  b y  i n j e c t i n g  a  s o l u t i o n  o f  known c o n c e n t r a t i o n  o f  

n u c l e o s id e  ( a d e n o s in e  o r  d e o x y g u a n o s in e )  i n  one cham ber an d  b u f f e r  

i n  t h e  o p p o s i t e  cham ber o f  a  d i a l y s i s  a p p a r a t u s .  A f t e r  24 o r  48 

h o u r s ,  s a m p le s  from  e a c h  cham ber w ere  e x t r a c t e d  an d  a  sp e c tru m  o f  

e a c h  w as r e c o r d e d .  The m a tc h in g  o f  th e  two s p e c t r a  ( e s p e c i a l l y  

t h e  O.D. r e a d i n g  a t  /Im ax) w as i n d i c a t i o n  t h a t  e q u i l i b r a t i o n  h ad  

b e e n  r e a c h e d .

T h is  te c h n iq u e  o f  e q u i l i b r i u m  d i a l y s i s  w as u t i l i z e d  i n  o r d e r  

t o  i n v e s t i g a t e  t h e  b in d in g  o f  d e o x y g u a n o s in e  t o  P o ly  C an d  o f  

a d e n o s in e  t o  P o ly  U u n d e r  v a r i n g  c o n d i t i o n s  o f  pH. I n  e a c h  e x p e r i 

m en t c o n t r o l s  w e re  r u n  t o  e n s u re  e q u i l i b r a t i o n  o f  t h e  n u c l e o s id e  

( n u c l e o s id e  v s  b u f f e r )  a n d  t o  e n s u r e  t h a t  no  m ig r a t io n  o f  t h e  

p o l y n u c l e o t i d e  a c r o s s  t h e  m em brane o c c u r re d  (p o ly m e r  v s  b u f f e r ) .

F o r  a  g iv e n  e x p e r im e n t ,  a  p o ly n u c le o t id e  s o l u t i o n  w as p r e p a r e d
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a n d  p la c e d  i n  a  d i a l y s i s  s a c  ( S p e c t r o p o r  # 3 ;  M arkson  S c ie n c e  I n c . )  

a n d  d i a ly z e d  i n  i d e n t i c a l  b u f f e r  s o l u t i o n  a t  The p o ly n u c le o 

t i d e  i n  t h e  d i a l y s i s  s a c  was p l a c e d  i n  f r e s h  b u f f e r  s o l u t i o n  tw ic e  

a  d a y  f o r  t h r e e  d a y s .  T h is  p r o c e d u re  was p e r fo rm e d  i n  o r d e r  t o  

rem ove s m a ll  o l i g o n u c l e o t i d e s  from  th e  p o ly m e r  s o l u t i o n .  To i n s u r e  

t h a t  th e  re m o v a l o f  t h e  s m a l l  f ra g m e n ts  w as c o m p le te , th e  p o ly m e r 

s o l u t i o n  w as d i a ly z e d  a g a i n s t  b u f f e r  i n  a n  e q u i l i b r iu m  d i a l y s i s  

a p p a r a tu s  ( a s  d e s c r ib e d  e a r l i e r )  f o r  48 h o u r s  a t  2*C. A f t e r  4-6 

h o u r s ,  a  UV sp e c tru m  w as r e c o r d e d  from  t h e  s o l u t i o n  i n  e a c h  ch am b er. 

The m ig r a t io n  o f  p o ly m e r f r a g m e n ts  a c r o s s  th e  m em brane c o u ld  b e  

e a s i l y  d e t e c t e d  by  o b s e r v in g  a b s o r p t i o n  n e a r  250nm on th e  b u f f e r  

s i d e  a n d /o r  a  d e c r e a s e  i n  th e  a b s o r p t i o n  n e a r  250nm on th e  p o ly m e r  

s i d e  ( a s  com pared  w i th  t h e  i n i t i a l  a b s o r p t i o n  r e a d i n g s ) .

C o n c e n tr a t io n s  o f  p o ly m e r  s o l u t i o n s  w ere  d e te rm in e d  v i a  a l k a l i n e  

h y d r o ly s i s  ( p o ly n u c le o t id e  i n  0 .6  N KOH f o r  22 h o u rs  a t  3 7 ° C ) . A 

s e r i e s  o f  n u c l e o s id e  s o l u t i o n s  ( a l l  o f  known c o n c e n t r a t i o n )  w ere  

d i a ly z e d  a g a i n s t  a  p r e p a r e d  p o ly n u c le o t id e  s o l u t i o n  f o r  4-8 h o u rs  

a t  2*G. A t e q u i l i b r iu m ,  UV s p e c t r a  w ere  t a k e n  from  s o l u t i o n s  o f  

n u c l e o s id e  p r e s e n t  i n  t h e  cham ber w h ich  w as i n i t i a l l y  i n j e c t e d  w i th  

a  known c o n c e n t r a t i o n  o f  n u c l e o s id e .  T h is  s o l u t i o n  r e p r e s e n t s  

th e  c o n c e n t r a t i o n  o f  n u c l e o s id e  w h ich  i s  " f r e e "  o r  unbound  an d  

i n  e q u i l i b r iu m  w i th  i t s e l f  on b o th  s id e s  o f  th e  m em brane. T h is  

c o n c e n t r a t i o n  o f  f r e e  n u c l e o s id e ,  m u l t i p l i e d  b y  two (a s su m in g  e q u i l 

ib r iu m )  an d  s u b t r a c t e d  from  th e  i n i t i a l  c o n c e n t r a t i o n  o f  n u c l e o s id e  

w i l l  b e  a  d i r e c t  m e asu re  o f  t h e  c o n c e n t r a t i o n  o f  n u c l e o s id e  bound 

o r  com plexed  t o  th e  p o ly m e r . S ee  e q u a t io n  ( 1 ) .

(1 )  , w h ere  = i n i t i a l  n u c l e o t i d e  c o n -
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c e n t r a t i o n ,  f r e e  o r  nnco m p lex ed  n u c le o s id e  c o n c e n t r a t i o n  a t

e q u i l i b r iu m ,  an d  = bound o r  com plexed  n u c l e o s id e  c o n c e n t r a t i o n .

D a ta  r e g a r d in g  th e  b in d in g  o f  d e o x y g u a n o s in e  t o  p o l y c y t i d y l i c  

a c i d  was f i t t e d  t o  a  m odel d e v e lo p e d  by B u rr  e t  a l . ^ ^  f o r  th e  

a n a lo g o u s  a d e n o s in e :P o ly  u r i d y l i c  a c i d  co m p lex . T h is  m odel v iew s 

th e  a s s o c i a t i o n  o f  th e  p u r in e  n u c le o s id e  w i th  th e  p y r im id in e  p o ly 

n u c l e o t i d e ,  a s  a  s e r i e s  o f  s m a ll  co m p lex es w h ich  expand  u n t i l  th e  

p o ly m er r e a c h e s  a  b in d in g  s a t u r a t i o n  p o i n t .

U s in g  m ass a c t i o n  r e l a t i o n s h i p s ,  t h e  t o t a l  c o n c e n t r a t i o n  o f  

bound d e o x y g u a n o s in e  (G^) ( i . e .  d e o x y g u a n o s in e  bound  t o  P o ly  C) 

can  b e  w r i t t e n  i n  te rm s  o f  t h e  e q u i l ib r iu m  c o n s t a n t s  i n  e a c h  o f  

t h e s e  s m a l l e r  r e g io n s  o f  com plex  fo rm a tio n  b a se d  on th e  c o n c e n t r a t i o n  

o f  f r e e  (unbound) d eo x y g u an o s in e  (G^) i n  th e  b u lk  s o l u t i o n .  Prom 

t h i s  th e  f o l lo w in g  e x p r e s s io n  can  b e  w r i t t e n :

6 =  ^ b  =

w h ere  S=  f r a c t i o n  o f  b in d in g  s i t e s  on P o ly  C t o  w h ich  d e o x y g u a n o s in e  

i s  bound ; i s  th e  e q u i l ib r iu m  c o n s ta n t  f o r  th e  b in d in g  o f  

one p u r in e  n u c l e o s id e  to  one s i t e  on th e  p o ly m e r; n  i s  t h e  num ber 

o f  p u r in e  r e s i d u e s  s ta c k e d  t o g e t h e r  i n  i n t e r a c t i o n  w i th  th e  

p o ly n u c le o t id e  f o r  s t a b l e  com plex  f o rm a t io n .  The v a lu e s  o f  G^

(bound d e o x y g u a n o s in e )  an d  G^ ( f r e e  d e o x y g u a n o s in e ) 'a r e  e x p e r 

im e n ta l l y  d e te rm in e d  v a l u e s .  S r e p r e s e n t s  th e  c o n c e n t r a t i o n  o f  

p o ly m er b in d in g  s i t e s  o c c u p ie d  by dG on s a t u r a t i o n ;  th u s  i t  to o
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i s  a n  e x p e r im e n ta l ly  d e te rm in e d  v a l u e .  The b e s t  v a lu e s  o f  and  

n  a r e  f i t t e d  t o  t h e s e  e x p e r im e n ta l  d a t a  v i a  a  n o n - l i n e a r  l e a s t  

s q u a r e s  p r o g r a m . F r o m  th e  v a lu e  o f  t h e  v a lu e  o f  th e  f r e e  

e n e rg y  o f  b in d in g ,  a G c an  b e  c a l c u l a t e d .  From th e  v a lu e  o f  th e  

s lo p e  o f  th e  i s o th e r m  a t  t h e  m id p o in t  i th e  b a s e  s t a c k in g  f r e e  

e n e rg y  o f  t h e  dG r e s i d u e s  i n  th e  com plex  ca n  b e  e s t im a te d .  From 

th e  d i f f e r e n c e  b e tw e en  t h e  t o t a l  f r e e  e n e rg y  a n d  th e  f r e e  e n e rg y  

o f  b a s e  s t a c k in g ,  t h e  v a lu e  f o r  th e  h y d ro g e n  b o n d in g  e n e rg y  

i n  t h e  com plex  can  b e  a p p ro x im a te d .
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F ig u re  2 2 . UV A b s o rp tio n  S p e c t r a  o f  D eoxyguanosine , G uanosine,
3'-GM P, and 5*-GMP.

c o n d i t i o n s :  0 .1  M Na a c e t a t e  b u f f e r ,  pH 4 .3 ,  24  G. 
- o n l y  s p e c t r a l  p a t t e r n s  show n; c o n c e n t r a t i o n s  n o t

d e te r m in e d .
80

G u an o s in e

D eo x y g u an o sin e

A b s.

20

200 240 260220 280 300

W av elen g th  (nm) 
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F ig u re  23» UV A b s o rp tio n  S p e c t r a  o f  D eoxyguanosine , G uanosine
3'-GMP, and  5'-GMP.

o
c o n d i t i o n s :  0 .1  M Na p h o s p h a te  b u f f e r ,  pH 7 .0 ,  24 C.

- o n ly  s p e c t r a l  p a t t e r n s  shoivn; c o n c e n t r a t i o n s  n e t  
d e te rm in e d .

50 .

• A b s.
D eo x y g u an o sin e

40

20 •

240 260220 280 300

W av elen g th  (nm) 
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E x t in c t io n  C o e f f i c ie n t  D e te rm in a tio n  o f  D eoxyguanosine a t
•pH 4 .5 and 6 .9 .

D eo x y g u an o sin e  i n  0 .1  M Na a c e t a t e  b u f f e r ,  pH 4 .3 ,  24*0; 
a n d  i n  0 .1  M Na p h o s p h a te  b u f f e r ,  pH 6 .9 ,  24*C.

0

H

D eo x y g u an o sin e

(b e o x y g u a n o s in ^ ^250 ^250 % 10 ^

T)H 4 .5 :  /Imax = 250nm yimin = 219nm &250 = 13 ,000

1 X 10"4 M 0 .1 3 1 3 .0

3 X 10" ^  M 0 .3 9 1 3 .0

5 X 1 0 "^  M 0 .6 5 1 3 .0

7 X lO"*^ M 0 .9 1 1 3 .0

8 X 10“^  M 1 .0 3 1 2 .9

1 X 10"^ M 1 .3 0 1 3 .0

oH 6 .9 :  yimax = 250nm /Im in = 219nm ®250 = 13 ,000

1 X 1 0 "^  M 0 .1 3 1 3 .0

3 X 10"'^ M 0 .3 8 1 2 .7

5 X 1 0 "^  M 0 .6 4 12 .8

7 X 10” ^ M 0 .9 1 1 3 .0

8 X 10-4" M 1 .0 3 1 2 .9

1 X 10"^ M 1 .2 9 1 2 .9
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F ig u re  2 ^ . E x tin c t io n . C o e f f i c ie n t  D e te rm in a t ion o f  D eoxyguanosine,

c o n d i t i o n s ;  i n  0 ,1  M Na a c e t a t e  b u f f e r ,  pH ^ .5 ,  ^24 * 0 ; 
an d  i n  0 .1  M Na p h o s p h a te  b u f f e r ,  pH 6 .9 ,  24 C.

1 .4

1 .3

1 . 2

1 . 0

250

0.8

0 .7

0 .3

Q )e o x y g u a n o s in ^  x lo ^  M
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E x t in c t io n  C o e f f i c ie n t  D e te rm in a tio n  o f  G uanosine  a t  pH 4 .9  & 6 .8 .

c o n d i t i o n s :  i n  0 .1  M Na a c e t a t e  b u f f e r ,  pH 4 .5 ,  24*C; 

a n d  i n  0 .1  M Na p h o s p h a te  b u f f e r ,  pH 6 .8 ,  24*C,

C

‘' / t VOH3OH

è n  èn

G u an o s in e

(G uanosine^  x  10 -3

oH 4 ,. ilmax = 250nm /imin = 220nm 6250 -  12,800

1 X 10"^ M 0 .1 3 1 3 .0

3 X 10-4  M 0 .3 8 1 2 .6

5 X 10-4  M 0 .6 4 12 .8

7 X 10-4  M 0 .9 0 12 .8

8 X 10-4  ^ 1 .02 1 2 .7

1 X 10-3 jyj 1 .2 9 1 2 .9

oH 6,. 8 : /Imax = 251nm /Imin = 220nm — 12,800

1 X 1 0 -4  M 0 .1 2 5 1 2 .5

3 X 1 0 -4 0 .3 8 1 2 .6

5 X 1 0 -4 0 .6 3 5 1 2 .7

7 X 1 0 -4 -3Î 0 .8 9 1 2 .7

8 X - 410 ^ M 1 .0 3 12 .8

1 X 10-3 1.28 1 2 .8
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F ig u r e  2 5 . E x t in c t io n .  C o e f f i c i e n t  D e te r m in a t io n  f o r  G u a n o s in e .

c o n d i t i o n s ;  i n  0 ,1  M Na a c e t a t e  b u f f e r ,  pH 4 .5 ,  24*C; 

an d  i n  0 .1  M Na p h o s p h a te  b u f f e r ,  pH 6 .8 ,  2 4 * 0 .

1.4

1.3

1.2 -

1 .0'

250
0 .9 -

0 .8 -

0 .7

0 . 6

250 ~ 1 2 ,8 0 0
0 . 5

0 .4

0 . 3

10
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F ig u re  26 . UV A b s o rp tio n  S p e c tr a  o f  A denosine  and  5 ’ -AMP.

c o n d i t i o n s :  0 .1  M Na a c e t a t e  b u f f e r ,  pH 4 . ^ ,  24 C.

A d en o s in e

5 ’ -AMP

A b s.

40 -•

20

240 260

W av e le n g th  (nm)

280200 220
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F ig u re  2 ? . UV A b so rp tio n  S p e c tr a  o f  A denosine  and 5 ' -AMP.

c o n d i t io n s ;  0 .1  M Na p h o sp h a te  b u f f e r ,  pH 7 .0 ,  24*0.

5 ’ -AMP

A d en o s in e

A bs.

30 .

20

10  ■

200 220 240 260

W aveleng th  (nm)

280
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E x t in c t io n  C o e f f i c ie n t  D e te rm in a tio n  o f  A denosine  a t  t>H 4 .9  & 6 .8 .

A d e n o s in e  i n  0 .1  K Na a c e t a t e  b u f f e r ,  pK ^ .5 »  24^0 an d

i n  0 .1  M N aC l, 1 .0  mM M gCl^, 0 .0 2 5  M Na^KPO^, 0 .0 2 5  M 

NaHgPO^^, pH 6 .8 ,  2 4 "C.
NHg

CH2OH

&  è n
A d en o s in e

(A d e n o s in ^ ^ 2 5 7 ^ 2 5 7  X 10 ^

oH 4 .  5: <^max = 257nm /im in  = 221nm E 257 “  1 4 ,6 0 0

1 X 10" ^  M 0 .1 4 1 4 .0

3 X 1 0 "^  M 0 .4 4 1 4 .6

5 X 10"^  M 0 .7 5 1 5 .0

6 X 10 "^  M 0 .8 8 1 4 .6

7 X 10“ ^  M 1 .0 3 1 4 .7

8 X 10" ^  M 1 .1 6 1 4 .5

1 X 10"^ M 1 .4 3 1 4 .3

•oH 6 .8  : /im ax =: 258nm /im in  = 220nm E258 “ 14 ,8 0 0

1 X 10” ^  Î5 0 .1 5 1 5 .0

3 X 10"^  M 0 .4 5 1 5 .0

5 X 1 0 "^  M 0 .7 5 1 5 .0

6 X 10"4  M 0 .8 7 1 4 .5

8 X 10"'^ M 1 .1 7 1 4 .6

1 X 10"3 K 1 .4 7 1 4 .7
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F ig u re  2 8 . E x t in c t io n  C o e f f i c ie n t  D e te rm in a tio n  o f  A denosine .

c o n d i t i o n s :  i n  0 .1  M Na a c e t a t e  b u f f e r ,  pH ^ .5 ,  24  C;

an d  i n  0 .1  M N aC l, 1 .0  mM M gCl^, 0 .0 2 5  M NaHgPO;,^, 

0 .0 2 5  M NagHPO^, pH 6 .8 ,  24*0 .

1 . 0 '

0 . 2
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F ig u r e  2 9 . UV A b s o rp t io n  S p e c t r a  o f  D e o x y g u a n o s in e , G u a n o s in e ,
an d  A d e n o s in e , 

c o n d i t i o n s ;  0 .1  M Na a c e t a t e  b u f f e r ,  pH ^ .5 »  24 C.

- s p e c t r a l  p a t t e r n s  f o r  c o m p a riso n  p u r p o s e s -

I—  A d e n o s in e

D eo x y g u an o sin e

A bs.

G u a n o s in e

•0 260 
ifli'avelength (nm)

2 ^220 300
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F ig u r e  3 0 . UY A b s o rp t io n  S p ec tru m  o f  1 -M e th y l A d e n o s in e , 

c o n d i t i o n s :  i n  0 .1  M N aC l, 1 .0  mM MgCl2 * 0 .0 2 5  M NagHPOj^,

0 .0 2 5  M NaH^PC

A bs.

260240

W av e len g th  (nm)

300200 220
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E x t in c t io n  C o e f f i c ie n t  D e te rm in a tio n  o f  1-M ethy l A d en o sin e .

1 -K e th y l  A d en o s in e  i n  0 .1  M N aC l, 1 .0  mM MgCl^» 0 .0 2 5  M NagHPO^^, 

0 .0 2 5  M NaHgPO^, pH 6 .8 ,  2 4 * 0 .

CHgOH

I 1 
OH OH

1 -M eth y l A d e n o s in e

( l-M e th y l  A d e n o s in ^  '■^255 ^ 2 5 5  ^ -3

3 X 1 0 -4  M 0 .3 2 1 0 .7

5 X 10"4  M .0 .5 3 1 0 .6

7 X 1 0 -4  M 0 .7 4 1 0 .5

8 X 1 0 -^  M 0 .8 4 1 0 .5

1 X lQ -3  M 1 .0 7 1 0 .7

A max = 255nm /Im in  = 228nm

Eggg f o r  1-M eth y l A d en o sin e  = 1 0 ,7 0 0
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F ig u re  31 . E x t in c t io n  C o e f f i c i e n t  D e te rm in a tio n  o f  1 -M ethy l A denosine.

c o n d i t i o n s :  i n  0 .1  M N aC l, 1 .0  mM M gClg,

0 .0 2 5  M NagHPO^, 0 .0 2 5  M NaKgPO^^ , pH 6 .8  

24"C .1 .0 '

0 . 9 '

0 . 8-

0 .7 '

A,

0 .4

0.2

^1-M e th y l A d e n o s in ^  x lO ^  M

-7 9 -



F ig u re  3 2 . UV A b s o rp tio n  S-pectrum o f 6-N -M ethvl A d e n o sin e .

c o n d i t i o n s :  i n  0 .1  M N aC l, 1 .0  ujM MgClg» 0 .0 2 5  M NagHPOj^, 

0 .0 2 5  M NaH^POj^, pH 6 .8 ,  2 4 * 0 .

A bs.

20

10 *

240 260 280220 300200

W av e le n g th  (nm) 
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E x t i n c t i o n  C o e f f i c i e n t  D e te r m in a t io n  o f  6-N -M eth v l A d e n o s in e .

6-N ~M ethyl A d e n o s in e  i n  0 .1  M N aC l, 1 .0  mM MgCl^» 0 , 0 2 $  M NagHPO ĵ ,̂ 

0 .0 2 5  M NaH^PO^, pH 6 . 8 , 24*C.

CHgOH

I i
OH OH

HjCNH

6-N -M eth y l A d e n o s in e

(6 -N -M eth y l A d e n o s in ^ 263 X 10 -3

3  X 10"4 M 0 .4 6 1 5 .3

5 X 10-4  M 0 .7 7 1 5 .4

6 X 10"^ M 0 .9 4 1 5 .6

7 X
_2L

10 ^  M 1 .0 7 1 5 .2

8 X
—U10 ^  M 1 .2 6 1 5 .7

1 X 10-3 % 1 .5 3 1 5 .3

/] max = 263nm /jm in  = 227raa

S 263 f o r  6-N -M eth y l A d e n o s in e  = 1 5 ,3 0 0
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F ig u r e  33» E x t i n c t i o n  C o e f f i c i e n t  D e te r m in a t io n  f o r  6 -N -M ethv l
A d en o sin e»

c o n d i t i o n s :  i n  0 .1  M N aC l, 1 .0  mM M gClg,

0 .0 2 5  M NaHgPO^, 0 .0 2 5  M Na^HPO^^, pH 6 .8 ,  

24* C.

1 .5

1 . 2

0 .9

^ 6 -N -M eth y l A d e n o s in ^  x lO ^  M 
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F ig u re  3 4 . ÜV A b s o rp t io n  S u ec tru m  o f  P o l v u r i d v l i c  A cid

i n  0 .1  M N aCl, 0 .0 2 5  M Na^HPO^^, 0 .0 2 5  M NaK^PO^, 0 .1  mM MgCl^

a t  pH 6 .8 Ê258 = 9 ,1 0 0

P o ly  ü  show s 8% h y p o c h ro m ic i ty  u n d e r  t h e s e  

c o n d i t io n s  ( 2 3 ° C ) .1.6

i n i t i a l  P o ly  U 
/imax = 258nm 

\  ^258 ^ 1-38

A bs.

1 .0  f

0 .8
P o ly  U h y d r o ly  

s a t e 258 ■ O 'f l

=  0 .66P o ly  U V 258

0 . 2 t

260240 280 300220200
W av elen g th  (nm) 
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T a b le  7 . B in d in g  o f  D eoxvguanosine to  P o lv c v t id y l ic  A c id .

E q u ilib riu m  D ia ly s i s  Data

c o n d it io n s :  in  0 .1  M Na a c e ta te  b u f fe r , pH 4 .1  

e q u il ib r a t io n  a f t e r  48 h r s . a t  2*C.

i n i t i a l  ^ P o ly  c }  = I .7  x  10~^ M ^273"^'^^ 

fo r  deoxyguanosine = 13,000  

P o ly  C showed 41^ hypochrom icity

dGi-A-zSO jdG.]xlO^ M dG f-A 2^0 [dG^xlO^ M (dG^]xlO^ M

0 .2 6 2 .00 0 .1 3 1 .00 0 .0 0

0 .3 8 2 .9 2 0 .1 9 1 .46 0 .0 0

0 .6 8 5 .2 3 0 .2 7 2 .0 7 1 .08

0 .81 6 .23 0 .3 1 2 .38 1 .4 7

0 .9 2 7 .0 7 0 .3 3 2 .5 3 2 .00

1 .0 6 8 .1 5 0 .3 5 2 .6 9 2 .7 7

1 .3 3 10 .23 0 .4 1 3 .1 5 3 .9 3

1 .83 14.07 0 .4 9 3 .7 6 6 .5 4

2 .61 20 .07 0 .8 2 6 .3 0 7 .4 7

3 .6 8 28 .30 1 .3 4 10.30 7 .6 9

M igration  Check: P o ly  C v s  b u ffe r  ^ 2 7 3 ~ ' 0 .00

E q u ilib r a t io n  Check: 2 .0  mM dG v s  b u ffe r  ^2^0 ~ ' 1 .29

dG  ̂ = i n i t i a l  deoxyguanosine

dG  ̂ = fr e e  or unbound deoxyguanosine

dG  ̂ = bound or complexed deoxyguanosine
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T ab le  8. B in d in g  o f  D eoxvguanosine  to  P o lv c v t id y l i c  A cid

C om puter D a ta  

c o n d i t i o n s :  i n  0 .1  M Na a c e t a t e  b u f f e r ,  pH 4 .1

n ! .
RMSD

3 7.85x10"^ M 1691 8.03x10"^

4 7.78x10"^ M 1852 6.24xlO"3

7 .6 6 x 10"^M 1986 5 .4 7 x 1 0 “-̂

6 7 .5 3 x 1 0 “ '̂  M 2098 5.51x10"^

7 7 .4 1 x 1 0 “^ ^ 2195 6 .o ix lo ~ ^

** b e s t  v a lu e  o f  n based on lo w e s t RT-ISD

RMSD = r o o t  mean square d e v ia t io n

f o r  n=5

{exp X 10^ M ^dG^^calc x  10^ M dG^/CMP

-
0 .0 0  0 .0 0 0 .0 0 0

0 .0 0  0 .0 1 0 .00 0

1 .0 8  0 .7 8 0 .0 6 3

1 .4 7  1 .60 0 .0 8 6

2 .0 0  2 .1 3 0 .1 1 7

2 .7 7  2 .7 9 0 .1 6 3

3 .9 3  4 .8 3 0.231

6 .5 4  6 .7 4 0 .3 8 4

7 .4 7  7 .6 6 0 .4 3 9

7 .6 9  7 .6 6 0 .4 5 2
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F ig u re  35» B in d in g  I s o th e rm s  f o r  D e o x v g u an o s in e :?o lv  C ComT>lex

c o n d i t io n s :  i n  0 .1  M Na a c e t a t e  b u f f e r ,  pH 4 .1

0.5
(b)

( a )

0 . 2 '
T3

12
^dG J x  10^ M

(a )  b in d in g  i s o th e r m  sh o w in g  bound d e o x y g u a n o s in e  v s  f r e e  
d e o x y g u a n o s in e  a t  e q u i l ib r iu m

(b ) b in d in g  i s o th e r m  sh o w in g  r a t i o  o f  bound d e o x y g u a n o s in e  p e r  
CMP r e s i d u e  v s  f r e e  d e o x y g u a n o s in e  a t  e q u i l i b r iu m
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T a b le  9» B in d in g  o f  D eoxyguanosine  t o  P o lv c v t id y l ic  A cid

E q u i l ib r iu m  D i a l y s i s  D a ta

c o n d i t i o n s ;  i n  0 .1  M Na a c e t a t e  b u f f e r ,  pH 4 .1  + 1 .0  mM MgCl, 

e q u i l i b r a t i o n  a f t e r  48 h r s .  a t  2®C.

i n i t i a l  ^ P o ly  c ]  = 1 .2  x  l o ” ^ M k ^ r ^ ÿ ^ Q . 6 7  

^ 2^0 d e o x y g u a n o s in e  = 1 3 ,0 0 0  

P o ly  C show ed 42% h y p o c h ro m ic ity

dG i-À 2^0 {dG ^]x lb^  M ^ ^ f" ^ 2 5 0 [ d G j  x lO ^  M [dG ^]xlO ^ M

0 .2 6 2 .0 0 0 .1 3 1 .0 0 0 .0 0

0 .3 8 2 .9 2 0 .1 8 1 .3 8 0 .1 6

0 .6 8 5 .2 3 0 .2 8 2 .1 5 0 .9 3

0 .8 1 6 .2 3 0 .3 1 2 .3 8 1 .4 7

0 .9 2 7 .0 7 0 . 3 4 2 .6 1 1 .8 4

1 .0 6 8 .1 5 0 .3 9 2 .8 4 2 .4 6

1 .3 3 1 0 .2 3  ' 0 .4 7 3 .3 0 3 .6 2

1 .8 3 1 4 .0 7 0 .6 0 4 .3 8 5 .3 1

2 .6 1 2 0 .0 7 0 .9 3 7 .1 5 5 .7 7

3 .6 8 2 8 .3 0 1 .4 6 11 .23 5 .8 4

M ig r a t io n  C heck: P o ly  G v s  b u f f e r  = 0 .6 6  : 0 .0 0

E q u i l i b r a t i o n  C heck: 1 .0  mM dG v s  b u f f e r  Ag^g = 0 . 6 3  • 0 .6 2
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T ab le  lo . B in d in g  o f  D eoxvguanosine to  P o lv c v t id y l ic  A cid

Com puter D ata

c o n d i t io n s :  i n  0 .1  K Na a c e t a t e  b u f f e r ,  pH 4 .1  + 1 .0  m&i MgClg

n

2

3
**i(,

5

6

S

5.94x10"^ K 

5.86x10"^ M 

5.75x10"'^ M 

5.65x10"^ M 

5.57x10"'^ M

h

1420

1636

1819

1970

2093

RMSD

4.06x10"-^

1.36x10"^

8 . 15x 10"^

2 .18 x l0 " 5

3 .33 x l0 " 5

** b e s t  v a lu e  o f  n based on lo w e s t  RMSD

f o r  n=4:

(dGb) ®xp X 10^ M (dG^] c a lc  X 10^ M dGyCMP

0 .0 0 0 .0 3 0 .000

0 .1 6 0 .1 2 0 .013

0 .9 3 0 .8 7 0 .077

1 .4 7 1 .31 0 .122

1 .8 4 1 .8 5 0 .153

2 .4 6 2 .4 6 0 .205

3 .6 2 3 .6 9 0 .301

5 .3 1 5 .4 1 0 .442

5 .7 7 5 .7 5 0 .480

5 .8 4 5 .7 5 0 .4 8 6
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F ig u re  36. B in d in g  I s o th e rm s  f o r  D eo x v g u an o sin e ;P o lv  C Comulex

c o n d i t io n s :  i n  0 .1  M Na a c e t a t e  b u f f e r ,  pH 4 .1  + 1 .0  mM MgClg

( a )

(b )
0 .5  "

0 .4

0 .3

0 . 2

4 6 8 10 122

( a )  b in d in g  i s o th e r m  sh o w in g  bound d e o x y g u a n o s in e  v s  f r e e  
d e o x y g u a n o s in e  a t  e q u i l ib r iu m

(b ) b in d in g  i s o th e r m  sh o w in g  r a t i o  o f  bound d e o x y g u a n o s in e  p e r  
CMP r e s id u e  v s  f r e e  d e o x y g u a n o s in e  a t  e q u i l ib r iu m
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T a b le  11 . B in d in g  o f  D eo x v g u an o s in e  t o  P o l v c v t i d y l i c  A c id .

E q u i l i b r i m i  D i a l y s i s  D a ta

c o n d i t i o n s :  i n  0 .1  M Na a c e t a t e  b u f f e r ,  pH 4 .6  
e q u i l i b r a t i o n  a f t e r  48 h r s  a t  2*C .

i n i t i a l  f P o ly  c”)  = 1 .4  x  1 0 "^  M

f o r  d e o x y g u a n o s in e  = 1 3 ,0 0 0

^ ^ i" ^ 2 5 0 [ d c J x l O ^  M dG f-A 25o [dG j x l o ^  M [ d G J  x lO ^  M

0 .2 6 2 .0 0 0 .1 3 1 .0 0 0 .0 0

0 .4 1 3 .1 5 0 .2 1 1 .6 1 0 .0 0

0 .6 8 5 .2 3 0 .2 8 2 .1 5 0 .9 7

0 .8 2 6 .3 0 0 .3 1 2 .3 8 1 .5 4

0 .9 3 7 .1 5 0 .3 6 2 .7 6 1 .6 3

1 .0 7 8 .2 3 0 .3 8 2 .9 2 2 .3 9

1 .2 0 9 .2 3 0 .4 0 3 .0 7 3 .0 9

1 .3 3 1 0 .2 3 0 .4 1 3 .1 5 3 .9 3

1 .8 8 1 4 .4 6 0 .5 9 4 .5 3 5 .4 0

2 .6 4 2 0 .3 0 0 .9 5 7 .3 0 5 .6 9

3 .4 4 2 6 .4 6 1 .3 7 1 0 .5 3 5 .3 9

M ig r a t io n  C heck: P o ly  C v s  b u f f e r  ^ 2 7 2  ~  • 0*01

E q u i l i b r a t i o n  C heck : 2 .0  mM dG v s  b u f f e r  ^ 2 5 0  ~  * ^*32
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T a b le  1 2 . B in d in g  o f  D eo x v g u an o sin e  t o  P o l v c v t i d y l i c  A c id .

C om puter D a ta

c o n d i t i o n s :  i n  0 .1  M Na a c e t a t e  b u f f e r ,  pH 4 . 6 .

n

4

6

S

5 .8 8 x 1 0 -4  M

5 . 5 3 x 1 0 " 4  m 

5 . 5 0 x 1 0 - 4

1833

1968

2073

RMSD

3 .4 2 x 1 0 -5

3 .3 1 x 1 0 -5

3 .5 4 x 1 0 -5

** b e s t  v a lu e  o f  n based on

fo r  n = 5

lo w e s t  PvMSD

^dG ^^exp  X 10^ M ^G ^] c a lc  X lo 4  M dG yC M P

0 .0 0 0 .0 0 0 .00 0

0 .0 0 0 .1 3 0 .00 0

0 .9 3 0 .6 5 0 .0 6 9

1 ,5 4 1 .10 0 .11 0

1 .6 2 2 .1 6 0 .1 1 6

2 .3 9 2 .6 ? 0 .170

3 .0 8 3 .1 5 0 .220

3 .9 3 3 .4 0 0 .28 0

5 .3 9 5 .4 5 0 .3 8 5

5 .6 9 5 .5 3 0 .4 0 6

5 .3 9 5 .5 3 0 .3 8 5
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F ig u re  37. B in d in g  Is o th e rm s  f o r  D eo x v g u an o sin e ;P o lv  C Comulex.

c o n d i t i o n s :  i n  0 .1  M Na a c e t a t e  b u f f e r  a t  pH 4 . 6 .

6
(a )

0 .5 ’
5

(b )

0 .4

0 .3 ’
3

jb 0 .2
2

0.1
1

4 6 8 102
64 8 102

(dG ^ X 10^ M

IdG^] X 10^ M

(a )  b in d in g  is o th e r m  sh o w in g  bound  d e o x y g u a n o s in e  v s  f r e e  deoxy
g u a n o s in e  a t  e q u i l ib r iu m

(b )  b in d in g  i s o th e r m  sh o w in g  r a t i o  o f. bound  d eo x y g u ax to sin e  p e r  
CMP r e s i d u e  v s  f r e e  d e o x y g u a n o s in e  a t  e q u i l ib r iu m
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•Table 13* Binding of Deoxvguanosine to Polvcvtidylic Acid.
E q u il ib r iu m  D ia ly s i s  D ata

c o n d i t i o n s :  i n  0 .1  M NaCl a t  pH 4 .6

e q u i l i b r a t i o n  a f t e r  48 h o u rs  a t  2®C.

i n i t i a l ^ P o ly  C^ = 1 .5  X 10*3 M A273—1 . 0 2

Eg^o f o r  d e o x y g u a n o s in e  == 13 ,000

dC-i-A2^0 (d G jx lO ^  D'■ d '"f-A 250 [dG j x i o ^  LL ( d G jx lO ^  M

0 . 2 6 2 .0 0 0 . 1 3 1 .00 0 . 0 0

0 .4 0 3 .0 7 0 .1 9 1 .4 6 0 .1 6

■ 0 .6 7 5 .1 5 0 . 2 6 2 .0 0 1 .1 5

0 .8 0 6 .1 5 0 .3 2 2 .4 6 1 .2 3

0 .9 2 7 .0 7 0 .3 3 2 .5 3 2 .0 0

1 .0 2 7 .8 4 0 .3 5 2 .6 9 2 .4 6

1 .3 0 1 0 .0 0 0 . 3 6 2 .7 6 4 . 4 7

2 .6 4 2 0 .3 0 0 . 9 2 7 .0 7 6 .1 5

3 .4 6 2 6 .6 1 1 . 3 4 10 .30 6 .0 1

M ig r a t io n  C heck: P o ly  C v s  b u f f e r  “  1 .0 2 :  0 .0 0

E q u i l i b r a t i o n  C heck: 2 .0  mli dG v s  b u f f e r  = 1 .3 1 :1 .3 0
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F ig u re  38, B in d in g  I s o th e rm s  f o r  D eo x v g u an o sin e :P o lv  C Complex.

c o n d i t io n s :  i n  0 .1  M NaCl a t  pH 4 .6 .

o
T—I

X
;cj

6

(a )

5
(b )

0 .4  -

o  0 . 3  '
3

2

1

j^dG ^) X 1 0 ^  M( d G ^  X 1 0 ^  M

( a )  b in d in g  i s o th e r m  sh o w in g  bound  d e o x y g u a n o s in e  v s  f r e e  

d e o x y g u a n o s in e  a t  e q u i l ib r iu m

(b ) b in d in g  i s o th e r m  sh o w in g  r a t i o  o f  bound  d e o x y g u a n o s in e  p e r  
CMP r e s i d u e  v s  f r e e  d e o x y g u a n o s in e  a t  e q u i l ib r iu m
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T a b le  14 . B in d in g  o f  D eoxvguanosine  to  P o l v c v t i d y l i c  A c id .

E q u il ib r iu m  D ia ly s i s  D a ta

c o n d i t i o n s ;  i n  0 .1  M N aC l, 0 .0 2 5  N NaH^PO^, 0 .0 2 5  M NagHPO^,

1 .0  mM MgClg a t  pH 6 . 8 .  

e q u i l i b r a t i o n  a f t e r  48 h r s .  a t  2®C.

i n i t i a l  [ P o ly  c )  = 1 .5  x  10 "^  M ^ 2^ 7=0 *99 

Eg^o f o r  d e o x y g u a n o s in e  = 1 3 ,0 0 0

*G i-A 250 j d C j x l O ^  M dG^-À25o ^ G ^ jx lO  ' M [ d c J x l O ^  M

0 .4 0 3 . 0 7 0 . 2 0 1 .5 3 0 . 0 0

0 . 6 8 5 . 3 5 . 0 . 3 4 2 .6 1 0 . 0 0

0 .8 2 6 .3 0 0 .4 1 3 .5 1 0 .0 0

0 .8 8 6 . 7 6 0 .4 4 3 .3 8 0 .0 0

1 .0 2 7 .8 4 0 . 5 1 3 . 9 2 0 .0 0

1 .2 4 9 . 5 3 0 .6 1 4 . 6 9 0 . 1 5

1 .8 2 1 4 .0 0 0 .8 5 6 .5 3 0 . 9 3

2 . 5 2 1 9 .3 8 0 . 9 9 7 .6 1 4 . 1 5

3 .6 8 2 8 .3 0 1 . 3 4 1 0 .3 0 7 . 7 0

5 . 5 2 4 2 .4 6 1 .8 8 1 4 .4 6 1 3 . 5 4

6 .4 6 • 4 9 .6 9 2 . 3 0 1 7 .6 9 1 4 .3 1

M ig r a t io n  C heck: P o ly  C v s  b u f f e r  

E q u i l i b r a t i o n  C heck; 3«0 mM dG v s

*267  =

P o ly  C

0 .9 8 :0 .0 0  

AgfQ = 1 .8 1 :1 .8 3

P o ly  C show ed jS fo  h y p o c h ro m ic ity  u n d e r  t h e s e  c o n d i t i o n s
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•Table 15. B in d in g  o f  D eoxyguanosine to  P o lv c v t i d v l i c  A c id .

Com puter D ata

c o n d i t i o n s ;  i n  0 .1  M N aC l, 0 .0 2 5  M NaH^PO^^, 0 .0 2 5  % NagHPOj^,

1 .0  mM MgClg a t  pH 6 .8 .

n S
h

RMSD

2 1 5 . 7 1 x 1 0 -4 M 382 1 .0 5 x 1 0 -4

3 1 4 . 9 5 x 1 0 -4 M 492 5 .7 9 x 1 0 -5

14 . —427x 10 ^ M 555 4 .8 8 x 1 0 -5

5 1 3 . 9 8 x 1 0 -4 M 599 6 .4 1 x 1 0 -5

* * b e s t v a lu e o f n  b a se d on lo w e s t  RBISD

f o r  n=4

(d G b )ex p  X 10 ^  M ( c a l c  X lo 4  M dG^/CMP

0 .0 0 0 .0 0 0 .0 0 0

0 .0 0 0 . 0 3 0 .0 0 0

0 .0 0 0 . 0 6 0 .0 0 0

0 .0 0 0 . 0 9 0 .0 0 0

0 .0 0 0 . 1 7 0 ,0 0 0

0 ,1 5 0 . 3 7 0 .0 1 0

0 .9 3 1 . 5 7 0 , 0 6 2

4 .1 5 2 . 9 6 0 . 2 7 6

7 .7 0 8 .1 6 0 .5 1 3

1 3 . 5 4 1 3 .4 8 0 . 9 0 2

1 4 ,3 1 1 4 ,2 7 0 . 9 5 4
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F ig u re  39 • B in d in g  Is o th e rm s  f o r  D eoxvguanosine ;P o lv  C C omul ex.

c o n d i t i o n s :  i n  0 .1  M N aC l, 0 .0 2 5  NaH^PO^, 0 .0 2 5  K NagHPOj^, 

1 .0  mM MgCl_ a t  pH 6 .8 .

1 .0

0.8
2  10

0 .7

0 .3

0 .2-

0.1

12

( a )  b in d in g  i s o th e r m  sh o w in g  bound d e o x y g u a n o s in e  v s  f r e e  
d e o x y g u a n o s in e  a t  e q u i l ib r iu m

(b )  b in d in g  i s o th e r m  sh o w in g  r a t i o  o f  bound d e o x y g u a n o s in e  p e r  
CM? r e s i d u e  v s  f r e e  d e o x y g u a n o s in e  a t  e q u i l ib r iu m
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T ab le  16 . B in d in g  o f  A denosine  to  P o lv c v t id v l ic  A c id .

E q u il ib r iu m  D ia ly s i s  D ata

c o n d i t i o n s :  i n  0 .1  M Na a c e t a t e  b u f f e r  a t  pH 4 .1 .  

e q u i l i b r a t i o n  a f t e r  48 h r s .  a t  2°C .

i n i t i a l  ^ P o ly  C*} = 1 .7 x 1 0 “ ^ M = 1 .1 1

Eg^y f o r  A d e n o s in e  = 1 4 ,2 0 0

% -^ 2 6 7

0 .4 3

[ A j x l O ^  M 

. _ 1 ,0 2

•^f”*^257

0 .2 1

[ a ^ ] x10^ M 

1 .5 1

[ A ^ x lO ^  M 

0 .0 0

0 .7 1 5 .0 0 0 .3 5 2 .5 0 0 .0 0

0 .9 9 6 .9 7 0 .5 0 3 .5 2 0 .0 0

1 .3 5 9 .5 0 0 .6 8 4 .7 8 0 .0 0

2 .6 6 1 8 .7 3 1 .3 3 9 . 3 6 0 .0 0

3 .7 4 2 6 .3 3 1 .8 7 1 3 . 1 6 0 .0 0

M ig r a t io n  C heck: P o ly  C v s  b u f f e r  Agy^ “  1 .1 0 :0 .0 0

E q u i l i b r a t i o n  C heck: 2 .0  miM A v s  b u f f e r  Ag^y = 1 .3 1 :1 .3 4
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T ab le  17. B in d in g  o f  A denosine  to  F o lv u r id v l ic  A c id .

E q u il ib r iu m  D ia ly s is  D ata

c o n d i t i o n s :  i n  0 .1  M Na a c e t a t e  b u f f e r  + 1 .0  mM MgClg

a t  pH 4 .1 ;  e q u i l i b r a t i o n  a f t e r  48 h r s .  a t  2*C.

i n i t i a l  ( P o ly  = 2 .1  x  10"^  M A2^g= 1 .6 3  

Eg^y f o r  a d e n o s in e  = 1 4 ,2 0 0  

P o ly  U show ed 8^  h y p o c h ro m ic ity

^ i ”^257

0 .4 3

( A ^ x lO ^  M

3 . 0 2

A f"^257

0 . 2 2

j^ A ^ x lO ^  M

1 . 5 4

l^ ^ jx lO ^  M 

0 .0 0

0 . 7 2 5 . 0 7 0 . 3 6 2 .5 3 0 . 0 0

0 . 8 6 6 .0 5 0 . 4 3 3 . 0 2 0 .0 0

0 .9 9 6 .9 7 0 . 4 9 3 . 4 5 0 .0 7

1 .1 2 7 .8 8 0 . 5 5 3 ,8 7 0 .1 4

1 .3 5 9 .5 0 0 .6 6 4 .6 4 0 .2 1

2 .6 6 1 8 .7 3 1 .2 2 8 . 5 9 1 .5 5

3 .7 4 2 6 .3 3 1 . 6 7 1 1 .7 6 2 .8 1

5 .4 4 3 8 .3 0 2 . 1 6 1 5 .2 1 7 .8 8

6 .7 0 4 7 .1 8 2 .7 0 1 9 .0 1 9 . 1 6

7 .8 0 5 4 .9 2 3 .2 4 2 2 .8 1 9 . 2 9

1 3 .6 0 9 5 .7 7 6 .1 0 4 2 .9 5 9 . 8 6

M ig r a t io n  C heck: P o ly  U v s  b u f f e r  = 1 .6 3 :0 .0 0

E q u i l i b r a t i o n  C heck: A d en o s in e  v s  b u f f e r  Ag^y = 1 .8 4 :1 .8 3

= i n i t i a l  a d e n o s in e

A^ -  f r e e  o r  unbound a d e n o s in e

A-fa = bound  o r  com plexed  a d e n o s in e

- 9 9 -



C om puter D a ta  

c o n d i t i o n s :  i n  0 .1  M Na a c e t a t e  b u f f e r  + 1 

a t  pH 4 .1

.0  mM MgClg

n S ^1 RMSD

3 9 .8 8 x 1 0 " ^  M 388 5 .2 3 x 1 0 " ^

4 9 .6 9 x 1 0 " ^  M 423 4 .1 5 x 1 0 -5

**5 9 .5 8 x 1 0 " ^  M 451 3 .8 5 x 1 0 -5

6 9 . 50x 10" ^  M 473 4 .0 0 x 1 0 -5

7 9 .4 3 x 1 0 " ^  M 493 4 .3 6 x 1 0 -5

* * b e s t  v a lu e  o f  n  b a s e d  on :

f o r  n=5

lo w e s t  RMSD

( A j e x p  X 10^ M c a l c  X 1 0 ^  M AyUMP

0 .0 0 0 .0 0 0 .0 0 0

0 .0 8 0 .0 0 0 .0 0 0

0 .0 0 0 .0 0 0 .0 0 0

0 .0 7 0 .0 0 0 .0 0 3

0 .1 4 0 .0 0 0 .0 0 7

0 .2 1 0 .0 2 0 .0 1 0

1 .5 5 0 .7 1 0 .0 7 3

2 .8 1 3 .3 9 0 .1 3 3

7 .8 8 7 .4 5 0 ,3 7 1 _

9 .1 6 9 .3 2 0 .4 3 6

9 .2 9 9 .5 8 0 .4 4 2

9 .8 6 9 .5 8 0 .4 6 9

-1 0 0 -



F ig u re  40. B in d in g  Is o th e rm s  f o r  A d e n o s in e :P o lv  U C om rlex.

c o n d i t io n s :  i n  0 .1  M Na a c e t a t e  b u f f e r  + 1 .0  ml/I MgClg
a t  pH 4 . 1 .

10

(a )
(b )

0 .3

0 . 2  • •

( a )  b in d in g  is o th e r m  sh o w in g  bound  a d e n o s in e  v s  f r e e  a d e n o s in e  
a t  e q u i l i b r iu m .

(b )  b in d in g  is o th e r m  sh o w in g  r a t i o  o f  bound a d e n o s in e  p e r  M P  
r e s i d u e  v s  f r e e  a d e n o s in e  a t  e q u i l i b r i u m .

—101—



T a b le  19. B in d in g  o f  A d e n o s in e  t o  P o l v u r i d v l i c  A c id .

E q -u ilib r iu m  D i a l y s i s  D a ta

c o n d i t i o n s :  i n  0 .1  M N aC l, 0 .0 2 5  M NagHPOj^, 0 .0 2 5  M NaH^POj^,

1 .0  mM MgClg a t  pH 6 .8 .  

e q u i l i b r a t i o n  a f t e r  48 h r s .  a t  2 ^ 0 .

i n i t i a l  ( P o l y  u ]  = 2 .0  x  10"^  M 

f o r  A d en o s in e  = 1 4 ,2 0 0  

P o ly  Ü show ed 7% h y p o c h ro m ic ity

^ i" ^ 2 5 7

0 . 4 3

(^ A jx lO ^  M

3 . 0 2

^ f" ^ 2 5 7

0 .2 1

( A ^ x lO ^  M

1 .5 1

( A ^ x lO ^  M 

0 .0 0

0 . 7 2 5 . 0 7 0 . 3 6 2 .5 3 0 .0 0

0 .8 6 6 . 0 5 0 . 4 3 3 . 0 2 0 .0 0

0 . 9 7 6 .8 3 0 .4 8 3 .3 8 0 .0 7

1 .1 2 7 . 8 8 0 . 5 5 3 . 8 7 0 .1 4

1 .3 8 9 . 7 1 0 .6 7 4 . 7 1 0 .2 8

2 . 7 6 1 9 .4 3 1 .2 8 9 .0 1 1 .4 1

3 . 7 4 2 6 .3 3 1 .6 6 1 1 .6 9 2 .9 5

5 . 4 4 3 8 . 3 0 2 . 3 6 1 6 .6 1 5 .0 7

6 .8 0 4 7 .8 8 2 .8 5 ' 2 0 .0 7 7 . 7 4

8 .1 0 5 7 .0 4 3 . 3 6 2 3 .6 6 9 .7 2

1 3 .6 0 9 5 .7 7 6 .1 1 4 3 . 0 2 9 . 7 2

M ig r a t io n  Check: P o ly  U v s  b u f f e r  Ag^g = 1 .5 2 :0 .0 1

E q u i l i b r a t i o n  C heck: 3 .0  mM Aden ^ 257  ~ 1 '8 6 :1 " 8 4
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■Table 20. B in d in g  o f  A denosine  to  F o lv u r id v l i c  A c id .

Com puter D ata

c o n d i t i o n s ;  i n  0 .1  M N aC l, 0 .0 2 5  M NagHPO^, 0 .0 2 5  M NaH^PO^,

1 .0  mJî MgCl^ a t  pH 6 .8 .

”  !  5

2 10 . 19x 10"^ M 289 

**3 9.94x10"^ M 322

4  9 .71x10"^ M 348

5 9.57x10"'^ M 366

RMSD

4.45x10"^

3 . 69x 10"-̂

5.44x10"^

7.10x10"^

* * b e st  v a lu e  o f n based on lo w e st  

fo r  n=3

RMSD

exp X 10^ M ^A^ c a lc  X 10^ M AyUMP

0.00 0 .00 0 .000

0.00 0 .01 0 .000

0.00 0 .0 3 0 .000

0.07 0 . 0 4 0 .003
0 .14 0 .0 6 0 .0 0 6

0.28 0 .1 2 0 . 0 1 4

1.41 1 .0 4 0 .0 70

2 .95 2 .35 0 . 147

5 .07 5 .7 5 0 .253
7 .74 7 .8 3 0 .387

9.72 9 .1 5 0 , 48 6

9.72 9 . 9 4 0 .486

-1 0 3 “



F ig u re  ^1. B in d in g  I s o th e rm s  f o r  A d e n o s in e ;F o lv  U Comulex.

c o n d i t i o n s :  i n  0 .1  M N a C l,- 0 .0 2 5  M Na^HFO^, 0 .0 2 5  M NaH^POj^,
1 .0  mM MgClp a t  pH 6 .8 .

( a )

(b )

0 .4 -

xlO  M

xlO

(a )  b in d in g  is o th e r m  sh o w in g  bound  a d e n o s in e  v s  f r e e  a d e n o s in e  
a t  e q u i l i b r iu m .

(b )  b in d in g  is o th e r m  sh o w in g  r a t i o  o f  bound a d e n o s in e  p e r  UJîP 
r e s i d u e  v s  f r e e  a d e n o s in e  a t  e q u i l i b r iu m .
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T a b le  21, B in d in g  o f  D eo x y g u an o s in e  t o  P o l v u r i d v l i c  A c id .

E q u i l ib r iu m  D i a l y s i s  D a ta  

c o n d i t i o n s :  i n  0 .1  M N aC l, 0 .0 2 5  M NagHPOj^, 0 .0 2 5  M NaH^PO^^,

1 .0  mM MgClg a t  pK 6 .8 .  

e q u i l i b r a t i o n  a f t e r  48 h r s .  a t  2°C .

I n i t i a l  (^Poly  u"} = 2 .0  x  lO ”^ M A 2 ^g= 1 .54  

Eg^o f o r  d e o x y g u a n o s in e  = 1 5 ,0 0 0

^ ^ i -^ 2 5 0 [ d G j x lO ^  M dG f-A25o (^dG ^x lO ^ M [dG ^'JxlO ^ M

0 . 5 8 2 . 9 2 0 . 1 9 2 . 9 2 0 .0 0

0 . 6 7 5 . 1 5 0 . 5 4 2 . 6 2 0 .0 0

0 . 9 2 7 . 0 7 0 .4 6 3 . 5 3 0 .0 0

1 .5 0 1 0 .0 0 0 . 6 5 5 . 0 0 0 .0 0

2 .6 4 2 0 .5 0 1 . 5 2 1 0 .1 5 0 .0 0

5 .4 6 2 6 .6 1 1 . 7 5 1 3 .3 0 0 .0 0

M ig r a t io n  C heck: P o ly  U v s  b u f f e r  = 1 .5 5 :0 .0 0

E q u i l i b r a t i o n  C heck: 2 .0  mM dG v s  b u f f e r  ^250  ~  1 * 3 0 :1 .5 0
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T ab le  22, C om parison o f  B in d in g  D ata  from  Two S y stem s.

Complex

P o lv  C;dG 
( t r i p l e  h e l i x )

2K

4 .1

n

4

%1

1819

G (-R T lnK ^) 

- 4 .0 8  k c a l /m o le

4 .1 5 ■ 1986 - 4 .1 3  k c a l /m o le

4 .6 5 1968 - 4 .1 2  k c a l /m o le

P o lv  C;dG 
(d o u b le  h e l i x )

6 .8 4 555 -3 * 4 3  k c a l /m o le

P o lv  U :rA  
( t r i p l e  h e l i x )

4 .1 5 451 - 3 . 3 2  k c a l /m o le

6 .8 3 322 -3 * 1 4  k c a l /m o le

-1 0 6 -



T a b le  2 3 . B in d in g  o f  1 -M e th y l A d en o s in e  t o  P o l v u r i d v l i c  A c id .

E q u i l ib r iu m  D i a l y s i s  D a ta  

c o n d i t i o n s :  i n  0 .1  M N aC l, 0 .0 2 5  M NagKPO^, 0 .0 2 5  M NaHgPC^^,

1 .0  mM MgClg a t  pH 6 .8 .  

e q u i l i b r a t i o n  a f t e r  48 h r s .  a t  2®C. 

i n i t i a l  ^ P o ly  u ]  = 1 .9  x  10” ^ M ^ 258  ”

Eg^^ f o r  1-M e th y l A d e n o s in e  = 1 0 ,7 0 0  

P o ly  Ü show ed 8 ^  h y p o c h ro m ic ity

mAi-A2^5 jjnA ^jx lO ^ M inAf-A255 Qnâ.J^x lO ^ M [m A ^]xlO ^ M

0 .3 5 3 . 2 7 0 . 1 7 1 .6 3 0 .0 0

0 . 5 6 5 . 2 3 0 .2 8 2 .6 1 0 .0 0

0 .6 6 6 .1 5 0 . 3 3 3 .0 8 0 .0 0

0 .7 7 7 . 1 9 0 . 3 8 3 . 5 9 0 .0 0

0 .8 7 8 . 1 3 0 . 4 3 4 . 0 6 0 .0 0

1 .1 3 1 0 .5 6 0 . 5 6 5 .3 3 0 .0 0

2 .2 0 2 0 .5 6 1 . 0 9 1 0 .1 8  ■ 0 .0 0

3 .1 0 2 8 .9 7 1 . 5 4 1 4 .3 9 0 . 1 9

4 .0 8 3 8 .1 3 2 .0 4 1 9 .0 6 0 .0 0

5 .0 5 4 7 .1 9 2 . 5 2 2 3 .5 5 0 . 0 9

6 .1 0 5 7 .7 5 3 . 0 8 2 8 .7 8 0 . 1 9

M ig r a t io n C heck: P o ly  U v s  b u f f e r  = 1 .5 7 :0 . 00

E q u i l i b r a t i o n  C heck: 3*0 mlvl mA v s  b u f f e r *255  =
1 .5 3 :1 .5 4
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T a b le  2 k . B in d in g  o f  6-N M e th y l A d e n o s in e  t o  P o l v u r i d v l i c  A c id .

E q u i l ib r iu m  D i a l y s i s  D a ta  

c o n d i t i o n s :  i n  0 .1  M N aC l, 0 .0 2 5  M NagHPO^, 0 .0 2 5  M NaH^PO^^,

1.0 mri MgClg pK 6.8.

e q u i l i b r a t i o n  a f t e r  48 h r s .  a t  2°C . 

i n i t i a l  L ? o ly  u }  -  2 .2 5 x 1 0 ” ^ M ^ 258  “

^ 2.63 6-N M e th y l A d en o s in e  = 1 5 ,3 0 0

P o ly  Ü show ed Bfo h y p o c h ro m ic ity

NmA.-Aggj (^NmA^ x lO ^  M ^ f - 4 2 6 3 ( nhjA ^Jx IO^ M j^NmA^'JxlO^ M

0 . 4 5 2 . 9 4 0 . 2 3 1 .5 0 0 . 0 0

0 .9 5 6 . 2 0 0 . 4 7 3 . 0 7 0 . 0 6

1 . 2 7 ' 8 . 3 0 0 .6 4 4 .1 8 0 . 0 0

1 .5 3 1 0 .0 0 0 . 7 6 4 . 9 6 0 . 0 8

2 .8 3 1 8 .4 9 1 .4 2 9 .2 8 0 . 0 0

4 . 3 5 2 8 .4 3 2 .1 8 1 4 .2 4 0 . 0 0

6 .0 4 3 9 .4 7 3 . 0 1 1 9 .6 7 0 . 1 3

7 . 4 5 4 8 .6 9 3 . 6 9 2 4 .1 1 0 . 3 7

9 . 1 0 5 9 .4 7 4 . 5 4 2 9 .6 7 0 . 1 3

M ig r a t io n  C heck: P o ly  Ü v s  b u f f e r  Ag^g = 1 .9 0 :0 .0 0

E q u i l i b r a t i o n  Check: 6-N m et A v s  b u f f e r  ^ 2 6 3  ~
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T ab le  25* M e ltin g  D ata  on P o lv  C ; D eoxyguanosine Comt>lex

a t  pH ^ .1 ,  i n  0 .1  M Na a c e t a t e  b u f f e r
a t  pH 7»0 , i n  0 .1  M Na p h o s p h a te  b u f f e r  + 1 .0  mM MgCl^

1 .0 0  mM d e o x y g u a n o s in e  + 1 .3  P o ly  C

T e m p e ra tu re , ° C

15-
20 -

25-
30-
35-
40-
45-
50-

65-
70-
75-
80-
85-
90-

(pH 4 .1 )  (p H .7 .0 )

-1 .2 4
■1.24
-1 .2 4
-1 .2 4
-1 .2 4
-1 .2 4
-1 .2 4
-1 .2 3
-1 .2 3
-1 .2 3
-1 .2 4
-1 .2 4
-1 .2 5
-1 .2 5

:î:li

.79

.79

.79

.79

.79

.80

.8 1

.8 2

.8 2

.8 2

.8 2

.83

.83

.83

.0.83

1.27 0 .8 2

pH 7 .0

,0 .811 . 26'

267
274
1 .2 5 -0 . 8 0

pH 4 .1
1 .2 4 0 .7 9

60 8040 70503020

T e m p e ra tu re , 
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CHAPTER IV  

DISCUSSION AND CONCLUSIONS

E x t i n c t i o n  C o e f f i c i e n t s  o f  N u c le o s id e s

M o la r  e x t i n c t i o n  c o e f f i c i e n t  v a l u e s  f o r  t h e  n u c l e o s id e s ,  

d e o x y g u a n o s in e , g u a n o s in e ,  a d e n o s in e ,  1 -m e th y l a d e n o s in e ,  an d  

6-N m e th y l  a d e n o s in e  w ere  fo u n d  to  be  1 3 .0 x 1 0 ^ , 1 2 .8 x 1 0 ^ , 1 4 .7 x 1 0 ^ , 

1 0 .7 x 1 0 ^ , and  1 5 .3 x 1 0 ^ , r e s p e c t i v e l y .  I n  e a c h  c a s e  t h e  £  v a lu e  

w as d e te rm in e d  b y  p l o t t i n g  UV a b s o rb a n c e  m e a su re m e n ts  ( a t  a  g iv e n  

w a v e le n g th )  v s  c o n c e n t r a t i o n ,  t h e  r e s u l t i n g  s lo p e  a p p r o x im a tin g  

th e  e x t i n c t i o n  c o e f f i c i e n t  v a lu e  u n d e r  a  s p e c i f i c  s e t  o f  c o n d i t i o n s .  

F o r  d e o x y g u a n o s in e , g u a n o s in e ,  and  a d e n o s in e ,  t h e  £  v a lu e  ( i n  e a c h  

c a s e )  w as e s s e n t i a l l y  u n ch an g e d  a t  b o th  pH ^ .5  a n d  7 .0 .  T hese  

e x p e r im e n ta l ly  d e te rm in e d  m o la r  a b s o r p t i v i t y  v a lu e s  w ere  u t i l i z e d  

i n  n u c l e o s id e  c o n c e n t r a t i o n  c a l c u l a t i o n s  d u r in g  e q u i l i b r iu m  d i a l y s i s  

e x p e r im e n ts .

The e x t i n c t i o n  c o e f f i c i e n t  f o r  g u a n o s in e  w as d e te rm in e d  a t  

t h e  o n s e t  o f  t h i s  r e s e a r c h  p r o j e c t ,  when th e  P o ly  C :G u an o s in e  

sy s te m  w as b e in g  i n v e s t i g a t e d .  The low  s o l u b i l i t y  o f  g u a n o s in e  i n  

a q u e o u s  s o l u t i o n  ( c a .  1 .0  mM a t  5*C) e n c o u ra g e d  a  change  to  th e  

d e o x y r ib c n u c le o s id e ,  d e o x y g u a n o s in e , w h ic h  was fo u n d  t o  h av e  a  

s e v e n - f o l d  g r e a t e r  s o l u b i l i t y  ( c a .  7 .0  mJ'l) i n  a q u e o u s  s o l u t i o n  a t  

3 ^ 0 . I t  h a s  b e e n  shown i n  p r e v io u s  s t u d i e s ^ ^ ” ^^  t h a t  i n  o r d e r  to



o b s e rv e  com plex  f o r m a t io n ,  t h e  s o l u b i l i t y  o f  t h e  monomer m u s t 

e x c e e d  t h e  t h r e s h o l d  f o r  b in d in g  t o  th e  p o ly m e r . I t  was t h e r e 

f o r e  d e s i r a b l e  t o  u s e  t h e  monomer d e r i v a t i v e  w i th  th e  maximum s o l 

u b i l i t y  u n d e r  th e  p a r t i c u l a r  e x p e r im e n ta l  c o n d i t i o n s  em p lo y ed . 

D e o x y g u an o sin e  w as th u s  u s e d  a s  th e  monomer n u c l e o s id e  f o r  i n v e s 

t i g a t i o n s  o f  i n t e r a c t i o n s  w i th  P o ly  C.

H y p o c h ro m ic itv  i n  P o lv  U

P o ly  U e x h i b i t s  v e r y  l i t t l e  s e c o n d a ry  s t r u c t u r e  a t  2 3 *C. Upon 

t r e a t i n g  a  p r e p a r e d  s o l u t i o n  o f  P o ly  U w i th  0 .3  N KOH f o r  22 h o u rs  

a t  37^0 ( a l k a l i n e  h y d r o ly s i s  t o  %1P u n i t s ) ,  o n ly  a  7 -8 ^  i n c r e a s e  i n  

a b s o r p t i o n  was o b s e rv e d .  A t low  t e m p e r a tu r e s  (<5^C) s i g n i f i c a n t  

s e c o n d a ry  s t r u c t u r e  i n  P o ly  U i s  a p p a r e n t  a s  can  be  s e e n  by  th e
nh.

i n c r e a s e  o f  TJV a b s o r p t io n  o f  monomer o v e r  t h e  p o ly m e r . T h is  i s  

p r o b a b ly  due t o  th e  d o u b le  s t r a n d e d  c o n fo rm a tio n  o f  P o ly  U a t  tem p

e r a t u r e s  l e s s  th a n  I n  1 K Na^ t h e  Tm o f  P o ly  U i s  c a .  5*5^C

w i th  th e  o b s e rv e d  h y p o ch ro m ic i t y  b e tw een  n o n s t r u c t u r e d  an d  s t r u c t u r e d  

fo rm s b e in g  a p p r o x im a te ly  23 fo,

E q u i l ib r iu m  D i a l y s i s

The r e s u l t s  o f  th e  e q u i l ib r iu m  d i a l y s i s  e x p e r im e n ts  show an 

a p p ro x im a te  2 :1  (po lym er:m onom er) s to i c h io m e t r y  f o r  th e  P o ly  U; 

a d e n o s in e  com plex  b o th  a t  pH 4 .1  an d  6 .8  an d  f o r  t h e  P o ly  C: deoxy

g u a n o s in e  com plex  a t  pH 4 .1  an d  4 .6 .  I n  c o n t r a s t  t o  th e  r e s u l t s
64r e p o r t e d  by  D a v ie s  an d  D av id so n  a  2 :1  P o ly  C :d e o x y g u a n o s in e  com

p le x  w as n e v e r  o b s e rv e d  a t  pH v a lu e s  n e a r  n e u t r a l i t y .  I n  f a c t ,  a t  

pH 6 .8  t h e  P o ly  C :d e o x y g u a n o s in e  com plex  show ed a n  a p p ro x im a te  1 :1
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polym er:m onom er s to i c h i o m e t r y  upon  p o ly m e r s a t u r a t i o n  w i th  a  

d e f i n i t e  d ep en d en ce  o f  a  low  c o n c e n t r a t i o n  o f  ( 1 .0  mî<l) and

a  h ig h e r  monomer c o n c e n t r a t i o n  th a n  t h a t  r e q u i r e d  f o r  com plex  

f o rm a t io n  a t  t h e  lo w e r  pH v a lu e s  ( s e e  F ig u r e  3 9 ) •  A t lo w  con

c e n t r a t i o n s  o f  f r e e  n u c l e o s id e  o r  i n  th e  a b s e n c e  o f  Mg"*^, no  

com plex  f o rm a t io n  was o b s e rv e d  a t  t h i s  pH ( 6 . 8 ) .  The f a c t  t h a t  

h ig h e r  c o n c e n t r a t i o n s  o f  t h e  monomer i s  r e q u i r e d  f o r  1 :1  C:G com

p le x  fo rm a t io n  ( i n  t h e  p r e s e n c e  o f  1 .0  mM Mg"^ a t  pH 6 .8 )  's u g g e s t s  

t h a t  monomer b a s e  s t a c k in g  i n t e r a c t i o n s  may p l a y  a  m a jo r  r o l e  i n  

t h e  s t a b i l i t y  o f  t h i s  co m p lex .

A l l  th e  co m p lex es  w ere  fo u n d  t o  e x h i b i t  a  c o o p e r a t iv e - ty p e  

b in d in g  an d  w ere  fo u n d  t o  b e  s t a b l e  o n ly  i n  th e  p r e s e n c e  o f  a  

l a r g e  e x c e s s  o f  f r e e  m onom er. T hese  p r o p e r t i e s  c an  be s e e n  i n  th e  

b i n d i n g  i s o th e r m s .  I t  i s  r e a d i l y  a p p a r e n t  t h a t  a  m in im a l t h r e s h o l d  

c o n c e n t r a t i o n  o f  f r e e  n u c l e o s id e  m u st be r e a c h e d  b e f o r e  com plex f o r 

m a tio n  b e g in s .  T h is  " n u c l é a t io n "  e v e n t ,  th e n ,  a l lo w s  f o r  s u b s e 

q u e n t  b in d in g  o f  t h e  monomer t o  th e  p o ly m e r i n  a  c o o p e r a t iv e  

f a s h i o n .  Upon s a t u r a t i o n  o f  th e  p o ly m er b in d in g  s i t e s ,  t h e  c u rv e  

l e v e l s  o f f .  S in c e  t h e  n u c l e o s id e s  a r e  in d e p e n d e n t  m o ie t i e s  (u n 

p o ly m e r iz e d ) ,  t h e  i n t e r a c t i o n  o f  t h e s e  u n i t s  w i th  th e  p o ly n u c le o 

t i d e  i s  m o st l i k e l y  g o v e rn e d  by  th e  s e c o n d a ry  s t r u c t u r e  o f  th e  

p o ly m e r . A p s e u d o - p o ly m e r iz a t io n  o f  th e  n u c l e o s id e  r e s i d u e s  th u s  

o c c u r s  upon  i n t e r a c t i o n  w i th  t h e  p o ly m er and  t h e  s i t e s  a v a i l a b l e  

f o r  b in d in g  on t h e  p o ly m er d e te rm in e  th e  r e s u l t i n g  s to ic h io m e t r y  

o f  th e  s a t u r a t e d  com plex .

F o r  th e  P o ly  C: d e o x y g u a n o s in e  sy s te m , t h e  pH a n d  th e  

p r e s e n c e  o r  a b s e n c e  o f  Mg . a r e  b o th  c r i t i c a l  p a r a m e te r s  f o r  com

p le x  f o rm a t io n .  U nder c o n d i t i o n s  o f  a c i d  pH ( 4 . 1 - 4 . 6 ) ,  w here  P o ly
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c e x i s t s  p r i m a r i l y  i n  a  d o u b le  h e l i c a l  c o n fo rm a tio n ,  a  2 :1  (C:dG ) • 

s to i c h io m e t r y  i s  o b s e rv e d  upon  p o ly m e r s a t u r a t i o n .  I n  t h i s  sy s te m , 

b in d in g  o f  th e  monomer t o  t h e  p o ly m e r i s  i n i t i a l l y  d e t e c t e d  a t  a  

f r e e  n u c l e o s id e  c o n c e n t r a t i o n  o f  c a .  0 .2  mî/î. Upon f o rm a t io n  o f

t h i s  2C :ldG  t r i p l e x ,  t h e  monomer p r o b a b ly  o c c u p ie s  a  p o s i t i o n

b e tw een  c y to s in e  b a s e  p a i r s  fo rm in g  a  C+dG+C t r i p l e  h e l i x ,  s t a b i l 

i z e d  b o th  b y  b a s e  s t a c k in g  i n t e r a c t i o n s  an d  b y  t h e  f o rm a t io n  o f  

h y d ro g en  bonds a s  s u g g e s te d  i n  t h e  schem e by  L i p s e t t  ( s e e  F ig u re  

2 0 ) .  T h is  h y d ro g en  b o n d in g  schem e in v o lv e s  t h e  p r o to n a t i o n  o f  one 

o f  t h e  P o ly  C s t r a n d s ,  a s  i n  t h e  d o u b le  h e l i c a l  form  o f  r o l y  C.

T h is  d e g re e  o f  p r o to n a t i o n  seem s im p o r ta n t  f o r  t h e  f o rm a t io n  o f

t h i s  co m p lex .

A t pH v a lu e s  n e a r  n e u t r a l i t y ,  w h ere  P o ly  C e x i s t s  p r i m a r i l y  

a s  a  s i n g l e  s t r a n d e d  h e l i x ,  an  a p p ro x im a te  1 :1  (G:dG) s t o i c h i o 

m e try  i s  o b s e rv e d  upon s a t u r a t i o n  o f  t h e  p o ly m e r . T h is  com plex  

f o rm a tio n  h a s  a  m arked  d ep en d e n c e  on t h e  p r e s e n c e  o f  Mg"*"*" an d  on 

h ig h e r  monomer r e a c t a n t  c o n c e n t r a t i o n ,  a s  b in d in g  i s  n o t  d e t e c t e d  

u n t i l  t h e  f r e e  n u c le o s id e  c o n c e n t r a t i o n  h a s  e x c e e d e d  c a .  0 .5  mM.

The P o ly  U: a d e n o s in e  co m p lex es  w ere  fo u n d  t o  be s e e m in g ly  

in d e p e n d e n t  o f  pH ( in  t h e  p r e s e n c e  o f  1 .0  mM Mg**""̂ ) a s  2U:1A s t o i 

c h io m e try  was o b s e rv e d  upon s a t u r a t i o n  a t  b o th  pH 4 .1  an d  6 .8 .

F o r t h i s  sy s te m , com plex  fo rm a t io n  was i n i t i a l l y  d e t e c t e d  a t  a  f r e e  

a d e n o s in e  c o n c e n t r a t i o n  o f  a p p r o x im a te ly  0 .5  ml/I, s i m i l a r  t o  t h a t  

s e e n  i n  t h e  P o ly  G : d e o x y g u a n o s in e  sy s te m  a t  n e u t r a l  pH. I n  th e  

P o ly  U :a d e n o s in e  t r i p l e x ,  a s  i n  th e  P o ly  G : d e o x y g u a n o s in e  t r i p l e x  

t h e  p u r in e  n u c le o s id e  p r o b a b ly  o c c u p ie s  a  c e n t r a l  s t r a n d  l o c a t i o n ,  

bonded on two s i d e s  by u r a c i l  r e s i d u e s  a s  i n  t h e  schem e shown
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below . Thé in v o lv e m en t o f  two o f  th e s e  b in d in g  s i t e s  w ere  exam ined

by d i a ly z in g  P o ly  Ü a g a in s t  1-m e th y l a d e n o s in e  and 6-N m eth y l

a d e n o s in e . I n  n e i t h e r  c a se  was s i g n i f i c a n t  b in d in g  o b se rv e d .

0

H
I
N

A

The r e s u l t s  o f  t h e s e  s t u d i e s  i n d i c a t e  t h a t  p u r in e  n u c le o s id e s  

can  fo rm  co m p lex es  w i th  co m p lem en ta ry  hom opolym ers i n  s im p le  

s t o i c h i o m e t r i c  r a t i o s .  The b in d in g  i s o th e r m s  a r e  t y p i c a l  o f  a  

s t r o n g l y  c o o p e r a t iv e  p r o c e s s  w h ich  show a  s h a rp  t r a n s i t i o n  once 

a  c r i t i c a l  t h r e s h o l d  c o n c e n t r a t i o n  o f  f r e e  n u c l e o s id e  h a s  b een  

r e a c h e d .  T hese s t u d i e s  show t h a t  h y d ro g e n  b o n d in g  c a n n o t be th e  

s o le  f o r c e  r e s p o n s i b l e  f o r  b in d in g  s in c e  no  b in d in g  i s  d e t e c t e d  

u n t i l  a  c e r t a i n  c o n c e n t r a t i o n  o f  monomer i s  r e a c h e d ,  ev en  th o u g h  

h y d ro g en  b o n d in g  c a p a c i t y  i s  s t i l l  p r e s e n t .  The com plex  f o rm a tio n  

b e tw e en  h o m o p o ly n u c le o tid e s  an d  co m p lem en ta ry  n u c l e o s id e s  a p p a r 

e n t l y  in v o lv e s  an  i n t r i n s i c  p u r in e  b a s e  s t a c k in g  e n e rg y , in d e p e n 

d e n t  o f  th e  c o n t r i b u t i o n  o f  t h e  p h o s p h a te  i n t e r n u c l e o s i d e  l i n k 

a g e s .  H ydrogen b o n d in g  f o r c e s  a r e  m o s t im p o r ta n t  w i th  r e s p e c t
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t o  b a s e  p a i r i n g  s p e c i f i c i t y ,  w h i le  b a s e  s t a c k in g  f o r c e s  a r e  m o st 

im p o r ta n t  f o r  com plex  s t a b i l i z a t i o n .  B o th  h y d ro g e n  b o n d in g  and  

h y d ro p h o b ic  s t a c k i n g  i n t e r a c t i o n s  t h u s  c o o p e r a te  an d  com plem ent 

e a c h  o t h e r  i n  p r o v id i n g  t h e  d r i v i n g  f o r c e s  f o r  com plex  f o rm a t io n  

a n d  s t a b i l i t y .

T herm odynam ic p a r a m e te r s  h av e  o f t e n  b e e n  e s t i m a t e d  from  

b in d in g  i s o th e r m s ,  s u c h  a s  t h e s e  r e p o r t e d  h e r e .  The th e rm o d y n am ic  

m odel d e v e lo p e d  b y  B u r r  e t  a l . ^ ^  t o  r e p r e s e n t  t h e  b in d in g  is o th e r m  

f o r  t h e  c o o p e r a t iv e  b in d in g  o f  a d e n o s in e  t o  P o ly  U, w as a p p l i e d  t o  

th e  P o ly  C : d e o x y g u a n o s in e  s y s te m  a t  b o th  pH 4 .1  (C+dG+C t r i p l e x )  an d  

pH  6 .8  (C+dG d u p le x ) .  The e q u i l i b r i u m  c o n s t a n t ,  ( s e e  e q u a t io n  

on pp. 6 3 ) f o r  t h e  f o rm a t io n  o f  t h e  t r i p l e  h e l i c a l  com plex  was 

fo u n d  t o  b e  c a .  I 90O w i th  n=5 (w h ere  n  r e p r e s e n t s  t h e  num ber o f  

p u r in e  n u c l e o s id e  monomer u n i t s  w h ich  m u st i n t e r a c t  c o n t ig u o u s ly  

w i th  P o ly  C - w i th  h y d ro g e n  b o n d in g  and  b a s e  s t a c k i n g  f o r c e s -  

i n  o r d e r  t o  form  a  s t a b l e  c o m p le x ) . The v a l u e ,  r e l a t e d  t o  th e  

t o t a l  f r e e  e n e rg y  o f  f o r m a t io n ,  aG  (ag =  -RTlnK ^) c o r r e s p o n d s  

t o  a  v a lu e  o f  c a .  - 4 .1  k c a l /m o le .  The f o rm a t io n  c o n s t a n t  f o r  th e  

P o ly  C: d e o x y g u a n o s in e  d u p le x  (pH 6 .8 )  i s  555 w i th  n = 4 . T h is  v a lu e  

c o r r e s p o n d s  t o  a  6 G  o f  c a .  - 3 » 4 k c a l /m o le .  F o r  t h e  P o ly  U :a d e n o s in e  

t r i p l e x  th e  v a l u e s  w ere  fo u n d  t o  be c a .  400 k c a l /m o le  w i th  n= 5 , 

c o r r e s p o n d in g  t o  a  AG e q u a l  t o  c a .  -3 * 2  k c a l /m o le .

The e q u a t io n  m odel p r e s e n t e d  by  B u r r  e t  a l .  f o r  t h e  P o ly  U: 

a d e n o s in e  sy s te m  p r o v id e s  a n  e x c e l l e n t  f i t  o f  b in d in g  d a t a  f o r  th e  

P o ly  C ;d e o x y g u a n o s in e  s y s te m . I n  e a c h  i s o th e r m ,  th e  p o i n t s  r e p r e 

s e n t  t h e  e x p e r im e n ta l  d a t a  ( c o n c e n t r a t i o n  o f  bound  n u c l e o s id e  v s  

c o n c e n t r a t i o n  o f  f r e e  n u c l e o s i d e ) ,  w h i le  th e  s o l i d  l i n e  i s  th e
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c a l c u l a t e d  c u rv e  b a s e d  on t h e  e x p e r im e n ta l  d a t a .  The b e s t  v a lu e s  

o f  an d  n  (b a s e d  on th e  lo w e s t  r o o t  mean s q u a r e  d e v i a t i o n )  a r e  

f i t t e d  t o  t h e s e  e x p e r im e n ta l  d a ta  v i a  a  n o n - l i n e a r  l e a s t  s q u a r e s  

p ro g ra m .

The c a l c u l a t e d  v a lu e  o f  S i s  a lw a y s  c lo s e  t o  t h e  maximum 

e x p e r im e n ta l  bound  n u c l e o s id e .  was fo u n d  t o  i n c r e a s e  an d  S t o  

d e c r e a s e  a s  n  was i n c r e a s e d .  O nly i n t e g r a l  v a l u e s  o f  n  w ere  u s e d  

i n  co m p u te r  c a l c u l a t i o n s .  The m eth o d  c o u ld  b e  im p ro v ed  s l i g h t l y  i f  

n o n - i n t e g r a l  v a lu e s  o f  n  w ere  u s e d .  The s lo p e  o f  t h e  i s o th e r m  w as 

fo u n d  t o  d epend  o n ly  on n ,  i . e .  a l l  b in d in g  i s o th e r m s  w i th  t h e  same 

n  v a lu e  w i l l  h av e  th e  same s lo p e .

The f o rm a t io n  c o n s t a n t ,  K^, w as fo u n d  t o  d e c r e a s e  w i th  move

m ent o f  unbound n u c l e o s id e  on th e  x - a x i s ,  i . e .  i f  c o m p le x in g  

b e g in s  a t  a  low  f r e e  n u c le o s id e  c o n c e n t r a t i o n ,  t h e  f o rm a t io n  con 

s t a n t  w i l l  be  h ig h ,  w h ile  i n i t i a t i o n  o f  com plex  f o rm a t io n  a t  a  

h ig h e r  n u c l e o s id e  c o n c e n t r a t i o n  w i l l  y i e l d  a  lo w e r  v a lu e  o f  K^. 

T h ese  v a l u e s  o f  a r e  r e l a t e d  t o  com plex  s t a b i l i t y ,  t h e  P o ly  C; 

d e o x y g u a n o s in e  t r i p l e x  b e in g  m ore s t a b l e  th a n  th e  P o ly  C :d eo x y g u an 

o s in e  d u p le x ,  w h ich  i s ,  i n  t u r n ,  s l i g h t l y  m ore s t a b l e  th a n  th e  

P o ly  U ;a d e n o s in e  t r i p l e x .  B ec au se  o f  th e  su p p o se d  in v o lv e m e n t o f  

t h r e e  h y d ro g e n  b o n d s i n  th e  b a s e  p a i r i n g  schem e o f  th e  P o ly  C: 

d e o x y g u a n o s in e  d u p le x  a s  o p p o sed  t o  f o u r  h y d ro g e n  b o n d s i n  th e  b a s e  

p a i r i n g  schem e o f  th e  P o ly  U :a d e n o s in e  t r i p l e x , - e i t h e r  th e  t h r e e  

h y d ro g e n  b onds a r e  s t r o n g e r  th a n  f o u r ,  o r  th e  s t a c k in g  e n e rg y  o f  

g u a n o s in e  s t a b i l i z e s  t h a t  com plex  m ore th a n  t h e  s t a c k in g  e n e rg y  o f  

a d e n o s in e  i n  th e  o t h e r  co m p lex . The f o rm a t io n  c o n s ta n t  v a lu e s  

f o r  t h e s e  co m p lex es  a g re e  n i c e l y  w i th  th e  Tm d a t a  r e p o r t e d  f o r  th e  

c o m p le x e s .
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PART I I I

THE BINDING OF DEOXYGUANOSINE AND ADENOSINE TO 

CHEMICALLY MODIFIED POLYCYTIDYLIC ACID

CHAPTER I  

INTRODUCTION AND LITERATURE REVISvil

M u ta t io n s

A m u ta t io n  i s  a  ch an g e  i n  t h e  g e n e t i c  in f o r m a t io n  ( i . e .  DNA 

an d  RNA) w h ich  r e m a in s  upon  r e p l i c a t i o n  i n  th e  a b s e n c e  o f  t h e  p h y 

s i c a l  o r  c h e m ic a l  a g e n t  ( i . e .  t h e  m u tag en ) r e s p o n s i b l e  f o r  th e  

m u ta g e n ic  e v e n t .  T h ese  g e n e t i c  m o d i f i c a t i o n  e v e n ts  a r e  c o n s id e r e d  

to  be  among th e  m o s t im p o r ta n t  b i o l o g i c a l  phenom ena b e c a u s e  th e y  

f u r n i s h  th e  b a s i s  f o r  e v o l u t i o n a r y  p r o c e s s e s .

I n  s im p l e s t  te rm s  a  m u ta t io n  i s  an  a l t e r a t i o n  o r  m o d i f i c a t i o n  

o f  a  n u c l e i c  a c i d .  Two c a t e g o r i e s  o f  m u ta t io n s  a r e  o f t e n  m e n tio n e d : 

(1 )  in d u c e d  m u ta t io n s  an d  (2 )  s p o n ta n e o u s  m u ta t io n s .  In d u c e d  m u ta 

t i o n s  a r e  th o s e  w h ic h , a s  a  r e s u l t  o f  th e  a c t i o n  o f  some p h y s ic a l  

o r  c h e m ic a l  a g e n t  o r  e v e n t ,  c a u s e  a  ch ange  i n  t h e  n u c l e i c  a c i d  

p r o p e r t i e s  i n  a  d e f in e d  w ay. S p o n ta n e o u s  m u ta t io n s ,  on t h e  o th e r  

h an d , a r e  o f te n  u n d e f in e d  a s  t o  t h e i r  mode o f  a c t i o n .  F o r  ex am p le , a  

m u ta t io n  may r e s u l t  from  a  m is ta k e  o c c u r r in g  d u r in g  th e  r e p l i c a 

t i o n  p r o c e s s ;  t h e  e n o l  fo rm  o f  th y m in e  may b a se  p a i r  w i th  g u a n in e  

o r  t h e  im in o  form  o f  C may b a s e  p a i r  w i th  A.



'The m o st f r e q u e n t  an d  p r o b a b ly  th e  m o st b i o l o g i c a l l y  im p o r ta n t  

ty p e  o f  m u ta t io n  i s  t h e  p o i n t  m u ta t io n .  'T his ty p e  o f  m u ta t io n  

in v o lv e s  a c t i o n  o n ly  a t  th e  s i t e  o f  t h e  p u r in e  o r  p y r im id in e  n i t r o 

g en  b a s e .  A c h e m ic a l  o r  p h y s i c a l  m o d i f i c a t i o n  o f  a  n i t r o g e n  b a se  

can  b e  o f  two ty p e s :  (1 ) t r a n s i t i o n  p o i n t  m u ta t io n  o r  (2 ) t r a n s 

v e r s i o n  p o i n t  m u ta t io n .  A t r a n s i t i o n  i s  c h a r a c t e r i z e d  by  a  ch an g e  

o f  one p u r in e  t o  a n o th e r  p u r in e ,  o r  o f  one p y r im id in e  t o  a n o th e r  

p y r im id in e .  The outcom e o f  s u c h  a  m u ta t io n a l  e v e n t  may b e  th e  r e 

p l i c a t i o n  o r  t r a n s c r i p t i o n  o f  an  " i n c o r r e c t "  co m p lem en ta ry  b a s e .

The m u ta t io n  n e e d  n o t  be  a n  e x a c t  c h e m ic a l  ch an g e  from  one known 

p u r in e  o r  p y r im id in e  t o  a n o th e r  known p u r in e  o r  p y r im id in e  ( r e s p e c 

t i v e l y )  t o  be c o n s id e r e d  a  t r a n s i t i o n  m u ta t io n .  The m o d i f i c a t i o n  

n e e d  o n ly  r e s u l t  i n  a  m i s - p a i r i n g  d u r in g  a  co m p lem en ta ry  b in d in g  

p r o c e s s .  T r a n s i t i o n  p o i n t  m u ta t io n s  a r e  th e  b e s t  known a n d  m o st 

w id e ly  s tu d i e d  o f  th e  p o i n t  m u ta t io n s .

T r a n s v e r s io n  p o i n t  m u ta t io n s  in v o lv e  a  ch an g e  o f  a  p u r in e  

t o  a  p y r im id in e ,  o r  v i c e  v e r s a .  'These m u ta t io n s  h ave  b ee n  shown
7<5

t o  o c c u r  o n ly  i n  r a r e  c a s e s .

I n  many i n s t a n c e s ,  m u ta t io n s  may o c c u r  a t  " s i l e n t "  o r  i n a c t i v e  

p o i n t s  i n  n u c l e i c  a c i d s .  I n  su c h  c a s e s ,  th e  m u ta t io n s  a r e  n o t  con

s id e r e d  t o  be  s i g n i f i c a n t  e v e n ts  i n s o f a r  a s  im m ed ia te  e v o l u t i o n 

a r y  p r o c e s s e s  a r e  c o n c e rn e d . H ow ever, i f  a  m u ta t io n  o c c u r s  i n  an  

a c t i v e  p o r t i o n  o f  th e  n u c l e i c  a c id  ( i . e .  a  g e n e , mRNA, o r  tRI'IA), an  

i n s e r t i o n  o f  an  i n c o r r e c t  am ino a c i d  i n  a  p r o t e i n  may be  th e  s e c 

o n d a ry  r e s u l t .  The s u r e s t  e v id e n c e  t h a t  a  m u ta t io n  h a s  o c c u r r e d  

i s  shown i n  th e  p e rm a n e n t ch an g e  i n  th e  am ino a c i d  s e q u e n c e  o f  a  

p r o t e i n .  Many c a s e s  a r e  knovm ( e .g .  n o rm a l h em o g lo b in  v s .  s i c k l e -
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c e l l  h e m o g lo b in )  w here  a  s i n g l e  am ino  a c i d  ch a n g e  i s  a t t r i b u t e d

t o  a  ch an g e  o f  a  s i n g l e  b a s e  i n  t h e  ^ g e n e t ic  m a t e r i a l . T h i s  can

o f t e n  l e a d  t o  d i s e a s e  o r  d e a th  i n  t h e  o rg a n ism .

B e c a u se  o f  t h e  s p e c i f i c i t y  i n v o lv e d  i n  p r o t e i n  s t r u c t u r e  and  

f u n c t io n ,  t h e  m is c o d in g  f o r  a  s i n g l e  am ino  a c i d  ( th e  p o s s i b l e  o u t 

come o f  a  m u t a t i o n a l  e v e n t)  may s i g n i f i c a n t l y  a l t e r  th e  p o ly p e p 

t i d e  so  a s  t o  r e n d e r  i t  i n a c t i v e  o r  a l t e r  i t s  b i o l o g i c a l  a c t i v i t y  

o r  p r im a r y  f u n c t i o n .  T h is  i n a c t i v a t i o n  o r  a l t e r a t i o n  o f  t h e  p r o t e i n  

p r o p e r t i e s ,  b r o u g h t  on i n d i r e c t l y  b y  th e  m u ta t i o n a l  e v e n t ,  may 

p ro v e  t o  b e  a  f a v o r a b le  o r  u n f a v o r a b le  h a p p e n in g .  I f  t h e  p r o t e i n  

m o d i f i c a t i o n  i s  u n f a v o r a b le ,  t h e  o rg a n ism  may d i s e a s e  o r  d i e  and  

c o n s e q u e n t ly  th e  m u ta t io n  v / i l l  n o t  be a llo v /e d  t o  be  p a s s e d  on to  

f u t u r e  g e n e r a t i o n s .  A f a v o r a b le  m u ta t io n ,  h o w ev er, w i l l  c o n t in u e  

t o  be  r e p l i c a t e d  ( u n le s s  a  b a c k  m u ta t io n  o r  s e c o n d  m u ta t io n  o c c u r s ) . 

I n  t h i s  way th e  p o s s i b i l i t y  o f  p a s s i n g  t h i s  m u ta t io n  to  f u t u r e  

p ro g e n y  e x i s t s .  S uch  i s  t h e  b a s i s  f o r  e v o l u t i o n .  N a tu re  s e l e c t s  

o u t  t h e  u n f a v o r a b le  g e n e t i c  s e q u e n c e s ,  w h i le  t h e  f a v o r a b le  g e n e t i c  

c o m b in a tio n s  s u r v iv e  an d  re m a in  i n  t h e  g e n e  p o o l .

M u tag en s

M u tag en s  a r e  c h e m ic a l o r  p h y s i c a l  a g e n t s  o r  e v e n ts  w h ic h  c a u se  

g e n e t i c  m u ta t io n s .  C h em ica l m u tag en s  h a v e  b e e n  u s e d  f o r  many y e a r s  

t o  p ro d u c e  known b a s e  m o d i f i c a t i o n s  i n  p o l y n u c l e o t i d e s . Among th e  

knovfli c h e m ic a l  m u ta g e n s , n i t r o u s  a c i d  an d  h y d ro x y la m in e  h av e  com

m anded s p e c i a l  a t t e n t i o n  b e c a u s e  o f  t h e i r  a p p a r e n t  s p e c i f i c i t y  and  

a b i l i t y  t o  in d u c e  p o i n t  m u ta tions.*^®  T h ese  m u t a t io n a l  e v e n ts  a r e  

e v id e n c e d  upon r e p o r t e d  m i s - r e p l i c a t i o n  o f  a  p o ly n u c le o t id e ." ^ ^  

N i t r o u s  a c i d  r e a c t s  w i th  t h e  n u c l e i c  a c i d  n i t r o g e n  b a s e s  c o n ta in in g

-119-



a  p r im a r y  am ino g ro u p ;  a d e n in e ,  g u a n in e ,  an d  c y t o s i n e ,  t o  y i e l d  th e

d e a m in a t io n  p r o d u c t s ,  h y p o x a n th in e ,  x a n th in e ,  an d  u r a c i l ,  r e s p e c t -  
80 8 ii v e l y .  * F o r  DNA n o n e  o f  t h e s e  d e a m in a t io n  p r o d u c t s  a r e  n o rm a l 

DNA b a s e s  an d  t h e r e f o r e  m u ta t io n a l  e v e n ts  m u s t a r i s e  th ro u g h  th e  

h y d ro g en  b o n d in g  p r o p e r t i e s  o f  t h e  new  b a s e s .  T h is  i s  th o u g h t  to  

o c c u r  a s  h y p o x a n th in e  ( i n  t h e  6 - k e to  fo rm ) , b e h a v in g  l i k e  g u a n in e , 

b a s e  p a i r s  v d th  c y t o s i n e ,  an d  u r a c i l ,  b e h a v in g  l i k e  th y m in e , b a se  

p a i r s  w i th  a d e n i n e . X a n t h i n e ,  t h e  d e a m in a t io n  p r o d u c t  o f  g u an 

i n e ,  d o e s  n o t  seem  t o  re s e m b le  an y  o f  th e  known b a s e s  i n  i t s  h y d ro 

g en  b a s e  p a i r i n g  p r o p e r t i e s ,  an d  t h e r e f o r e  i s  n o t  th o u g h t  t o  be  

m u ta g e n ic .  X a n th in e  h a s ,  i n  some c a s e s ,  b e e n  shown t o  c a u s e  a n
Op 111

i n a c t i v a t i o n  o f  t h e  g e n e t i c  m a t e r i a l .  *

H y d ro x y lam in e  r e a c t s  o n ly  w i th  p y r im id in e  n i t r o g e n  b a s e s  i n  

n u c l e i c  a c i d s .  T h is  m u tag en  h a s  b e e n  shovnn t o  be  a  p o w e r fu l  n u c le o -  

p h i l i c  a g e n t  w h ic h  r e a c t s  w i th  c y to s in e  o p t im a l ly  a t  pH 6 an d  w i th  

u r a c i l  a t  pH 1 0 .^ ^  O n ly  th e  r e a c t i o n  w i th  th e  c y to s in e  n u c le u s  i s
g2i

th o u g h t  t o  be  m u ta g e n ic .  One o r  two m o le c u le s  o f  h y d ro x y la m in e  

can  r e a c t  w i th  c y t o s i n e  t o  fo rm  two d e f in e d  r e a c t i o n  p r o d u c t s .

The a d d i t i o n  o f  NH^OH a c r o s s  th e  5» 6 d o u b le  bon d  fo l lo w e d  by  th e  

r e p la c e m e n t  o f  th e  0 4  am ino g ro u p  w i th  th e  h y d ro x y am in o  g ro u p  fo rm s 

one p r o d u c t ,  6 -h y d ro x y a m in o -5 , c - d ih y d r o - 4 - h y d r o x y a m in o c y to s in e . . The 

se c o n d  p r o d u c t  o f  t h e  r e a c t i o n  i s  th e  r e s u l t  o f  th e  d i r e c t  d i s 

p la c e m e n t o f  th e  C4 am ino g ro u p  by  th e  h y d ro x y am in o , fo rm in g  4 -h y d ro -  

x y a m in o c y to s in e .  I t  h a s  b e e n  shown t h a t  th e  m o n o - s u b s t i t u t i o n  

p r o d u c t  (4 -h y d ro x y a m in o c y to s in e )  f a v o r s  a  t a u to m e r ic  s h i f t  an d  th u s  

d i s p l a y s  th e  b in d in g  p r o p e r t i e s  o f  u r a c i l .  T h is  p r o d u c t  i s ,  t h e r e 

f o r e ,  th o u g h t  t o  b e  th e  m u ta t io n a l  s p e c i e s  o f  th e  r e a c t i o n .
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M utagen ic  A c tio n  o f  N it ro u s  A cid

N i t r o u s  a c i d  was th e  f i r s t  i n  v i t r o  c h e m ic a l  m u tag en  whose 

a c t i o n  seem ed t o  be  u n d e r s ta n d a b le  i n  s im p le  m o le c u la r  t e r m s .
87I t  becam e a  c l a s s i c a l  m u tagen  i n  1958 when S c h u s te r  an d  Schramm 

showed t h a t  sodium  n i t r i t e ,  a t  low  pH (b e lo w  5)» r e a c t e d  w i th  p u r 

i f i e d  RNA from  TMV t o  y i e l d  t h r e e  d e a m in a tio n  p r o d u c ts :  a d e n in e  

b e in g  c o n v e r te d  t o  h y p o x a n th in e ,  g u a n in e  t o  x a n th in e ,  an d  c y to s in e
oq^ oq

t o  u r a c i l .  M undry an d  G ie r e r  ~ f u r t h e r  d e m o n s tra te d  t h e  m u ta

g e n ic  p r o p e r t i e s  o f  n i t r o u s  a c i d  a s  th e y  r e p o r t e d  th e  m o d if ie d  

TMV RNA p r e p a r a t i o n s  t o  be  i n f e c t i v e  t o  to b a c c o  p l a n t s ,  p ro d u c in g  

new p r o p e r t i e s  i n  s u c c e e d in g  g e n e r a t i o n s .  Thus n i t r o u s  a c i d ,  a d 

m i n i s t e r e d  i n  th e  form  o f  sod ium  n i t r i t e  a t  low  pH, was shown to

b e  a  m u tag en  w h ich  r e a c t e d  w i th  n u c l e i c  a c i d  n i t r o g e n  b a s e s  i n  a
90c h e m ic a l ly  d e f in e d  way to  p ro d u c e  d e f in e d  m u ta t io n s .^

The d e a m in a tio n  o f  c y to s in e  t o  u r a c i l  i s  a  s e l f - e v i d e n t  mu-
91t a g e n i c  e v e n t .  W ittm ann^ fo u n d  t h a t  C-^U t r a n s i t i o n s  b ro u g h t

a b o u t  by t h e  a c t i o n  o f  n i t r o u s  a c id  i n  TMV RNA, r e s u l t e d  i n

s p e c i f i c  am ino a c i d  r e p la c e m e n ts  i n  t h e  c o a t  p r o t e i n .  T h is  f i n d -
02 102in g  h e lp e d  g r e a t l y  i n  d e c ip h e r in g  th e  g e n e t i c  c o d e . '  ’

T h ese  i n i t i a l  i n v e s t i g a t i o n s  s t im u la t e d  a  g r e a t  num ber o f  

r e l a t e d  s t u d i e s  r e g a r d in g  th e  m u ta g e n ic  e f f e c t s  o f  n i t r o u s  a c id  

on v a r i o u s  b i o l o g i c a l  sy s te m s  and  d e f in e d  p o l y n u c l e o t i d e s .  T hese 

in c lu d e  s t u d i e s  on th e  b a c te r io p h a g e s  T 2^^, T 4^^, and  3 1 3 ^ ^ ’ ^'^’ '^ ^ ,  

D ro s o n h i la  m e la n o a a s te r ^ ^ . D in lo c o c c u s  o n eu m o n iae^"^. S a lm o n e lla

t v o h i ^ ^ . y e a s t  a l a n i n e  tHI-îA^^^, ^  c o l i  5 s  rRIiA^^^, R hizob ium  

l u n i n i ^^-^. d e n a tu r e d  DNA from  K aem ouh ilus i n f l u e n z a ^ ^ ^ . Tobacco 

M o sa ic  V i r u s ^ ^ " ^ ' a n d  c u l t u r e d  m ouse and  h a m s te r  c e l l s .
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M utagen ic  A c tio n  o f  H ydroxylam ine

K y d ro x y lam in e  a n d  c e r t a i n  h y d ro x y la m in e  d e r i v a t i v e s  a r e
111—123m u ta g e n ic  to w a rd  a  v a r i e t y  o f  o rg a n is m s . “ T hese  m u tag en s

h av e  th e  a b i l i t y  t o  i n t e r a c t  s p e c i f i c a l l y  w i th  p y r im id in e s  u n d e r

s p e c i f i c  c o n d i t i o n s  o f  pK, t e m p e r a tu r e ,  an d  r e a g e n t  c o n c e n t r a t i o n .

A t pH n e a r  6 .0  an d  h ig h  NH^OH c o n c e n t r a t i o n ,  t h e  r e a c t i o n  i s

s p e c i f i c  w i th  c y to s in e  r e s i d u e s  i n  p o l y n u c l e o t i d e s ,  r e s u l t i n g

i n  t h e  fo rm a t io n  o f  tv/o p o s s i b l e  c y t o s i n e  d e r i v a t i v e s ,  4—hydrcxyamino
12^“-130c y to s in e  an d  6 -h y d o x y a m in o -^ , 6-d ihydro-4-hydroxyam ino(% 't6sine.

U nder t h e s e  c o n d i t i o n s  t h e  c y to s in e  n u c le u s  r e a d i l y  b in d s  hy

d ro x y la m in e  a t  t h e  5 » 6 d o u b le  bond , w h ic h  f a c i l i t a t e s  n u c le o -  

p h i l i c  s u b s t i t u t i o n  o f  t h e  e x o c y c l ic  am ino g ro u p . The mono s u b s t i 

t u t i o n  p r o d u c t ,  ^ -h y d ro x y a m in o c y to s in e  fo rm s a s  a  r e s u l t  o f  a  

s i n g l e  s t a g e  i r r e v e r s i b l e  r e a c t i o n .  The r e a c t i o n  o f  NH^CH w i th  

t h e  c y to s in e  n u c le u s  i s  shown b e lo w .
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4 -O H -am iz io cy to s in e  h a s  "been s u g g e s te d  t o  b e  t h e  s p e c i e s  r e 

s p o n s ib l e  f o r  m u ta g e n ic  e v e n ts  i n  l i v i n g  s y s te m s .  T h is  c y to s in e  

d e r i v a t i v e  r e s e m b le s  u r a c i l  ( o r  th y m in e )  i n  i t s  h y d ro g en  b in d in g  

p r o p e r t i e s  and  t h u s  c a u s e s  a d e n in e  i n s t e a d  o f  g u a n in e  t o  b in d  to  

t h e  a l t e r e d  c y to s in e  r e s i d u e .  The s u g g e s te d  b in d in g  schem e o f

p se u d o  U ( o r  T ) ,  4 -O H -a m in o c y to s in e , w i th  a d e n i n e , i s  shovm b e lo w ,

KCH
KH,

N

/

NHOH

N
HK

/

HO

M u ta g e n ic  A c tio n  an d  P o ly n u c le o t id e  S e c o n d a ry  S t r u c t u r e

I n  th e  i n t e r i m  b e tw een  th e  fo rm a t io n  o f  a  m o d if ie d  p o ly 

n u c l e o t i d e  and  i t s  r e p l i c a t i o n ,  t r a n s c r i p t i o n ,  o r  t r a n s l a t i o n ,  

t h e r e  o c c u r  a  num ber o f  b i o l o g i c a l ,  p r o c e s s e s  ( p r i m a r i l y  e n z y 

m a t i c ) ,  whose c h a r a c t e r  an d  i n t e n s i t y  p ro d u c e  a  m arked  e f f e c t  on 

th e  g e n e t i c  c o n se q u e n c e s  o f  th e  m u ta g e n 's  a c t i o n .  I n  a d d i t i o n  to  

th e s e  e v e n ts ,  t h e  b i o l o g i c a l  p r o c e s s e s  o f  r e p a i r  and  re c o m b in a 

t i o n  a l s o  come i n t o  p la y .

E f f e c t s  o f  m u tag en s  on p o ly n u c le o t id e s  i s  th e  r e s u l t  o f  n o n - 

random  i n t e r a c t i o n s  w i th  c e r t a i n  r e a c t i v e  o r  " e x u o se d "  b a s e s .  Thus
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t h e  s e c o n d a ry  s t r u c t u r e  o f  t h e  p o ly n u c le o t id e  i s  o f  c r i t i c a l  im p o r

t a n c e  t o  t h e  e f f e c t  o r  a t t a c k  o f  a  g iv e n  m u ta g e n ic  a g e n t .  W ith  

d u p le x  DNA, f o r  ex am p le , a  p o t e n t i a l  m u ta t io n  s i t e  c o n s i s t s  o f  a  

p a i r  o f  "bases so  t h a t  th e  a c t i o n  o f  th e  m u tag en  i s  p a r t l y  ob 

s c u r e d  due t o  h y d ro g e n  b o n d in g  i n t e r a c t i o n s .  H ow ever, w i th  s i n g l e  

s t r a n d e d  p o l y n u c l e o t i d e s  i n d i v i d u a l  b a s e s  a r e  g e n e r a l l y  e x p o se d  

an d  m u ta g en  a t t a c k  i s  much m ore  p r o b a b le .

O f te n  t im e s  t h e  c h e m is t r y  o f  b a s e  m o d i f i c a t i o n  w i th  a  s u s 

p e c t e d  m u tag en  i s  d e te rm in e d  b y  u s in g  n u c le o s id e  o r  n u c l e o t i d e  

monomer u n i t s .  T h is  a f f o r d s ,  o f  c o u r s e ,  o n ly  a  g e n e r a l  g u id e  

a s  t o  t h e  s i t e s  an d  e x t e n t  o f  m u tag en  a c t i o n  on p o l y n u c l e o t i d e s .

The r e a c t i v i t y  o f  a  b a s e  i n  a  p o ly n u c le o t id e  d e p e n d s  on w h e th e r  

t h e  b a s e  i s  h y d ro g e n  bonded  i n  a  d u p le x  s t r u c t u r e ,  w h e th e r  b a s e  

s t a c k in g  i n t e r a c t i o n s  a r e  s i g n i f i c a n t ,  a n d /o r  w h e th e r  t h e r e  i s  

p r o t e i n  i n t e r a c t i o n  w i th  t h e  p o ly m e r . I t  s h o u ld  a l s o  be r e a l i z e d  

t h a t  m u ta t io n  m ech an ism s t h a t  a p p ly  t o  s i n g l e - s t r a n d e d  p o l y 

n u c l e o t i d e s  m ig h t  n o t  a p p ly  t o  d u p le x  p o l y n u c l e o t i d e s ,  s i n c e  

b a s e  p a i r i n g  may e f f e c t i v e l y  b lo c k  some p o t e n t i a l l y  m u ta g e n ic  

r e a c t i o n s .  W h ile  m u ta g e n ic  a c t i o n  on s i n g l e  s t r a n d e d  p o ly n u c le o 

t i d e s  o c c u r s  i n  a  som ew hat random  f a s h io n ,  m u ta g e n ic  a c t i o n  on 

d u p le x  p o l y n u c l e o t i d e s  o c c u r s  i n  a  n o n -ran d o m  f a s h i o n  w h ic h  i s  

g o v e rn e d  p r i m a r i l y  b y  " lo o p e d - o u t"  o r  " h o t - s p o t "  r e g io n s  w h ic h  

a r e  m ore s u s c e p t i b l e  t o  m u ta g e n ic  a t t a c k .

The h ig h e r  s t r u c t u r e  o f  p o ly n u c l e o t i d e s  i s  fo rm ed  an d  s t a b i l 

i z e d  a t  t h e  e x p e n s e  o f  b a s e  s t a c k in g  and  h y d ro g e n  b o n d in g  f o r c e s .  

The d i s t o r t i o n  o f  b a s e  s t a c k i n g  i n t e r a c t i o n  by  t h e  a c t i o n  o f  c e r 

t a i n  m u ta g e n s  ( e . g .  b i s - p r o d u c t  o f  NHgOH a c t i o n  on c y t o s i n e )  w i l l
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c a u s e  a  d i s o r d e r  i n  th e  s t r u c t u r e  o f  b o th  s i n g l e  an d  d o u b le  

s t r a n d e d  r e g io n s  o f  t h e  p o ly n u c le o t id e  an d  o f t e n  a  d i s t o r t i o n  o f  

c o m p lem en ta ry  h y d ro g e n  b o n d in g  i n t e r a c t i o n s  ( a f f e c t i n g  d u p le x  

r e g io n s  o n l y ) . M o d i f i c a t io n  o f  b a s e s  r e s u l t i n g  i n  th e  l o s s  o f  

a r o m a t i c i t y  an d  v i o l a t i o n s  o f  p l a n a r i t y  a r e  u s u a l l y  • 

a cco m p an ied  by  a  g e n e r a l  b reakdow n o f  p o ly n u c le o t id e  s e c o n d a ry  

s t r u c t u r e .

M u ta g e n ic  a c t i o n  on n i t r o g e n  b a s e  s i t e s  in v o lv e d  i n  com ple

m e n ta ry  h y d ro g e n  b o n d in g  may r e s u l t  i n  a l t e r e d  h y d ro g e n  b o n d in g  

i n t e r a c t i o n s  v / i th o u t  a f f e c t i n g  b a se  s t a c k in g  i n t e r a c t i o n s .  Such 

i s  t h e  c a s e  f o r  HNOg a c t i o n  on c y to s in e  r e s i d u e s  an d  o f  u n i -  

m o le c u la r  a c t i o n  o f  NH^OH on c y t o s i n e .  The p r o d u c t s  o f  th e s e  

r e a c t i o n s  do n o t  a f f e c t  t h e  a r o n a t i c i t y  o r  p l a n a r i t y  o f  t h e  c y to 

s in e  b a s e .  H ow ever, i n  b o th  c a s e s ,  t h e  m u tag en  a c t s  to  change  

t h e  h y d ro g e n  b o n d in g  p r o p e r t i e s  o f  c y t o s i n e .  A d d i t io n  o f  NHgOK 

a c r o s s  t h e  5 ,6  d o u b le  bond o f  c y to s in e  r e s i d u e s  r e s u l t s  i n  th e  

l o s s  o f  a r o m a t ic  c h a r a c t e r  an d  d im in is h e d  p o ly m e r  s e c o n d a ry  s t r u c t u r e  

due t o  d e c r e a s e d  b a s e  s t a c k in g  i n t e r a c t i o n s .  S u b s t i t u t i o n  o f  th e  

h y d ro x y am in o  g ro u p ' f o r  t h e  C4 am ino g ro u p  a l t e r s  th e  f u n c t i o n a l  

s p e c i f i c i t y  o f  th e  c y to s in e  an d  r e s u l t s  i n  a  C-».pseudo U o r  T 

t r a n s i t i o n  m u ta t io n ,  w h i le  a d d i t i o n  o f  NHgOH a c r o s s  th e  5 ,6  d o u b le  

bond c a u s e s  th e  l o s s  o f  f u n c t i o n a l  a c t i v i t y  a s  t h e  s e c o n d a ry  

s t r u c t u r e  i s  a d v e r s e ly  m o d i f ie d .

•«hen r e a c t i n g  a  c h e m ic a l  m u tagen  w i th  a  p o l y n u c l e o t i d e ,  t h e  

m o d i f i c a t i o n  o f  a  s m a ll  f r a c t i o n  o f  t h e  n i t r o g e n  b a s e s  may r e s u l t  

i n  a  com pounded s t r u c t u r a l  a l t e r a t i o n  o f  t h e  p o ly m e r, due to  

c h a n g e s  i n  b a s e  s t a c k in g  i n t e r a c t i o n s  an d  h y d ro g e n  b o n d in g  p r o 

p e r t i e s .
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M utagen ic  A c tio n  o f  and KH^OK on P o lv  C

The g e n e t i c  c o n se q u e n c e s  o f  t h e  a c t i o n  o f  p a r t i c u l a r  m u ta

g e n s  d e p e n d s  on th e  f u n c t i o n a l  an d  p h y s i c a l  s t a t e  an d  c o n d i t io n s  

o f  m u ta g e n e s is .  A l l  o f  t h e  many v a r i a b l e s  in v o lv e d  e l u c i d a t e  th e  

c o m p le x ity  o f  m u ta g e n ic  e v e n t s .  F o r  i n v e s t i g a t i v e  p u rp o s e s  i t  

i s  d e s i r a b l e  t o  s e p a r a t e  th e  d i r e c t  a c t i o n  o f  m u ta g e n ic  f a c t o r s  

on t h e  p o ly n u c le o t id e s  from  th e  i n d i r e c t  i n f l u e n c e  on e n z y m a tic  

p r o c e s s e s .  To a c c o m p lis h  t h i s  we u s e d  th e  h o m o p o ly n u c le o tid e , 

p o l y c y t i d y l i c  a c i d ,  a s  th e  p o ly n u c le o t id e  m odel s y s te m , r o l y  C 

may be  an  e x c e l l e n t  c h o ic e  f o r  m u tag en  a c t i o n  e x a m in a tio n , 

s in c e  t h i s  p o ly m er e x i s t s  i n  b o th  s i n g l e  s t r a n d e d  and  d o u b le  

s t r a n d e d  c o n fo rm a tio n s  u n d e r  c e r t a i n  c o n d i t i o n s .  M o d if ic a t io n  o f  

t h e  c y to s in e  u n i t s  o f  P o ly  C b y  r e a c t i o n  w i th  HÎ-J02 an d  NH^OK may 

r e v e a l  a  p ro m is in g  m eans f o r  s tu d y in g  th e  s t r u c t u r e  and  f u n c t io n  

o f  p o ly n u c le o t id e  sy s te m s  a s  th e y  r e l a t e  t o  m u ta g e n e s is .  The 

c h e m ic a l r e a g e n t s ,  an d  HTiOg, h av e  b een  shown to  r e a c t  w ith

c y to s in e  r e s i d u e s  i n  p o l y n u c le o t id e s  an d  be m u ta g e n ic  i n  l i v i n g  

s y s te m s , c a u s in g  C-*«U o r  p se u d o  U (T) t r a n s i t i o n  p o i n t  m u ta t io n s .

P r e v io u s  s t u d i e s  have shown t h a t  th e  r e a c t i o n  o f  P o ly  C w ith  

h y d ro x y la m in e  i s  c o n s id e r a b ly  s lo w e r  th a n  w i th  th e  c y to s in e  mono

m er ( f r e e  b a s e ,  n u c l e o s id e ,  o r  n u c l e o t i d e )  .^ 3 5 - 1 3 6 ,139-14-0 ^ t  

h a s  a l s o  b e e n  fo u n d  t h a t  th e  r e a o t i o n  p ro c e e d s  much m ore s lo w ly  

a t  pH 4 (d u p le x  P o ly  C) th a n  a t  pH 6 ( s i n g l e  s t r a n d e d  P o ly  C.).

A t th e  lo w e r  pH t h e r e  was fo u n d  to  be a  g r e a t e r  p r e f e r e n c e  f o r  

th e  s u b s t i t u t i o n  r e a c t i o n  a t  C4 o v e r  th e  5*6 d o u b le  bond a d d i t i o n  

r e a c t i o n .^ ^  C o n c o m itan t w i th  th e  r e a c t i o n  o f  P o ly  C w i th  NH^OH
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i s  a  l o s s  o f  s e c o n d a ry  s t r u c t u r e  o f  t h e  p o l y n u c l e o t i d e .  T h is  

i s  p r o b a b ly  t h e  r e s u l t  o f  t h e  a d d i t i o n  r e a c t i o n  a c r o s s  t h e  5 ,6  

d o u b le  b o n d  w h ic h  d e s t r o y s  t h e  a r o m a t i c i t y  an d  p l a n a r i t y  o f  

t h e  c y t o s i n e  r e s i d u e s  and  c o n s e q u e n t ly  d i s r u p t s  c y to s in e  b a s e  

s t a c k in g  i n t e r a c t i o n s . ® ^ ’ T r e a t m e n t  o f  P o ly  C w i th  NH^OH 

p ro d u c e s  an  i n a c t i v a t i o n  o f  i t s  n o rm a l te m p la te  p r o p e r t i e s  a s  

m e a su re d  by  5'-GMP i n c o r p o r a t i o n . T h e  b in d in g  o f  5 ’ -AIvi? was 

o b s e rv e d  i n  some c a s e s ,  s u g g e s t in g  t h a t  liHgOH p ro d u c e s  i n  P o ly  C 

a  c y t o s i n e  s p e c i e s  w h ic h  b in d s  ABIP i n  p la c e  o f  GMP an d  a  se c o n d  

s p e c i e s  w h ich  w i l l  n o t  b a s e  p a i r  w i th  e i t h e r  o f  t h e  p u r in e  n u c le o -
4 2̂ 4 ^ 4 2l̂  4

t i d e s .  “ S a lg a n ik  an d  c o w o rk e rs  h av e  shovm. 4-O H -am ino- 

c y t i d i n e  t o  be  t h e  p r o d u c t  s p e c i e s  r e s p o n s i b l e  f o r  t h e  C -> pseudo 

U (T) m u ta g e n ic  e v e n t  i n  c o l i  w h i le  t h e  b i s  p r o d u c t  v;as fo u n d  

t o  c a u s e  i n a c t i v a t i o n  o f  t h e  g e n e t i c  m a t e r i a l .

Few s t u d i e s  on t h e  r e a c t i o n  o f  P o ly  C w i th  n i t r o u s  a c i d  have 

b e e n  r e p o r t e d .  S in g e r  e t  a l .  ’ r e p o r t e d  t r a n s i t i o n s  o f  C t o

U i n  P o ly  C v/hen a c t e d  upon  w i th  NaKC2 a t  pK if-. 2 . T hese  s t u d i e s  

show ed t h a t  th e  e f f e c t i v e n e s s  o f  NaliOg t o  a c t  a s  a  m u tag en  i s  

c l e a r l y  pH d e p e n d e n t ,  s in c e  t h e  r e a c t i o n  r a t e  i s  a  f u n c t io n  o f  

t h e  c o n c e n t r a t i o n  o f  th e  u n d i s s o c i a t e d  HHO^.

The p u rp o se  h e r e  i s  t o  i n v e s t i g a t e  th e  e f f e c t s  o f  NH^OK and  

NaKC^ on p o l y c y t i d y l i c  a c i d  a s  i t  r e l a t e s  t o  t h e  b in d in g  o f  

d e o x y g u a n o s in e  an d  a d e n o s in e .  I n  th e  c a s e  o f  n i t r o u s  a c i d  t r e a t 

m en t, t h e  r e a c t i o n  w as c a r r i e d  o u t  a t  pH 4 .1  ( g iv i n g  c o n s id e r a 

t i o n  t o  th e  pH d ep en d en ce  o f  Hl-IOg g e n e r a t io n  from  Nal'i02 i n  s o lu t i o n )  

The r e a c t i o n  o f  P o ly  C w i th  h y d ro x y la m in e  w as p e r fo rm e d  a t  pH 6 .0  

due t o  t h e  e x tr e m e ly  s low  r a t e  o f  r e a c t i o n  a t  pH 4 .1 .  E q u i l ib r iu m
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d i a l y s i s  e x p e r im e n ts  a r e  em ployed  t o  i n v e s t i g a t e  t h e  b in d in g  o f  

th e  n u c l e o s id e s ,  d e o x y g u a n o s in e  an d  a d e n o s in e  t o  c h e m ic a l ly  

m o d if ie d  P o ly  C.
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CHAPTER I I

EXPERIMENTAL 

ICSTHODS AMD MATERIALS

R e a c t io n  o f  P o ly  C W ith  N i t r o u s  A c id

N i t r o u s  a c i d  can  e a s i l y  b e  g e n e r a te d  b y  d i s s o l v i n g  NaNCg i n  

an  a q u e o u s  b u f f e r  s o l u t i o n  b e lo w  pK 5*5s

NaNOg Na"^ h- NOg"

NO2 " + HgO - — > HMOg + OK"

I n  th e  p r e s e n c e  o f  s u r p l u s  K"*" (lov / pH) t h e  e q u i l i b r iu m  i s  p u sh e d  

t o  t h e  r i g h t ,  t h e r e b y  i n c r e a s i n g  th e  c o n c e n t r a t i o n  o f  th e  r e a c t i v e  

f r e e  a c i d .  U n d is s o c ia te d  HNO^ can  r e a c t  w i th  th e  p r im a ry  am ino 

g ro u p  i n  c y to s in e  r e s i d u e s  c a u s in g  d e a m in a tio n  an d  c h e m ic a l  co n 

v e r s i o n  o f  c y to s in e  t o  u r a c i l .

I n  t h e s e  e x p e r im e n ts ,  e q u a l  v o lu m es  o f  2 M KaNO^ ( a t  pH 4 .1  

i n  0 .1  K Na a c e t a t e  b u f f e r  + 1 .0  mM MgCl^) an d  P o ly  C s o l u t i o n  

( i n  t h e  same b u f f e r )  w ere  a l lo v /e d  t o  r e a c t  f o r  v a r i o u s  t im e  i n 

t e r v a l s  (1 -1 2  h o u r s )  a t  3 7°C . Upon t e r m i n a t i o n  o f  a  p a r t i c u l a r  

r e a c t i o n ,  th e  r e a c t i o n  m ix tu r e  v/as c o o le d  a t  f o r  c a .  0 .5  h o u r .  

The m o d i f ie d  p o ly m e r was th e n  c o l l e c t e d  v i a  g e l - f i l t r a t i o n  colum n 

c h ro m a to g ra p h y  u s in g  S ep h a d e x  G -2 5 . E ig h ty ,  8 -9  m l f r a c t i o n s  w ere  

c o l l e c t e d .  The f r a c t i o n s  c o n t a i n i n g  th e  m o d if ie d  P o ly  C w ere  d e

t e c t e d  b y  UV a b s o r p t io n  a t  270nm. The a b s e n c e  o f  NaNO^ i n  th e
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p o ly m er f r a c t i o n s  w as i n s u r e d  b y  th e  o b s e r v a t io n  o f  no  a b s o r p 

t i o n  a t  356nm- iJhe f r a c t i o n s  c o n t a i n i n g  th e  m o d if ie d  p o ly m e r  w ere  

com bined an d  p r e c i p i t a t e d  u s in g  one vo lum e o f  2 .0  K p o ta s s iu m  

a c e t a t e  b u f f e r  (pH 5 - 0 )  an d  tw o v o lu m es o f  100%  e th a n o l  a t  -20° C 

f o r  18 h o u r s .

■Ihe p o ly m e r p r e c i p i t a t e  w as th e n  c e n t r i f u g e d  a t  1 5 ,0 0 0  RPIvj 

f o r  30 m in u te s  a t  5 ^ 0 . I h e  f i l t r a t e  v/as d e c a n te d ,  th e  p o ly m e r 

d r i e d  w i th  f i n a l l y ,  r e c o n s t i t u t e d  by  d i s s o l v i n g  i n  a

s m a ll  vo lum e ( u s u a l l y  5 -7  m l) o f  0 .1  NaCl s o l u t i o n .  F o llo w in g  

t h i s ,  t h e  m o d if ie d  p o ly m e r s o l u t i o n  v/as d ia ly z e d  a g a i n s t  0 .1  R 

Ka a c e t a t e  b u f f e r  (pH 4 .1 )  + 1 . 0  mivl IrigClg a t  5 ^ 0 . F r e s h  d i a l y s i s  

b u f f e r  w as a d d ed  f i v e  t im e s .

A f t e r  d i a l y s i s ,  an  a l i q u o t  o f  th e  m o d if ie d  p o ly m er s o l u t i o n  

was t r e a t e d  w i th  0 .3  H KOH f o r  22 h o u rs  a t  37°G t o  a c c o m p lish  

h y d r o ly s i s  o f  th e  p o ly m er t o  m o n o n u c le o tid e  u n i t s .  A d i r e c t  

s p e c t r o p h o to m e t r ic  m eth o d  w as th e n  u s e d  t o  d e te rm in e  th e  CMP:I3MP 

r a t i o  i n  t h e  m o d if ie d  P o ly  C. The n u c l e o t i d e  r e a c t i o n  

p r o d u c ts  w ere  s e p a r a t e d  u s in g  a s c e n d in g  p a p e r  o r  t h i n - l a y e r  chrom 

a to g r a p h y  to  i n s u r e  th e  p r e s e n c e  o f  o n ly  C an d  U m o n o p h o sp h a te s . 

The p r o d u c t s  v /ere d e t e c t e d  u s i n g  a  s h o r t-w a v e  UY l i g h t  an d  com

p a r e d  a g a i n s t  known CMP a n d  UMP s o l u t i o n s .

The r e m a in in g  m o d if ie d  p o ly m e r s o l u t i o n  w as u se d  i n  e q u i l i 

b rium  d i a l y s i s  e x p e r im e n ts  to  i n v e s t i g a t e  th e  b in d in g  o f  deoxy

g u a n o s in e  and  a d e n o s in e  t o  m o d if ie d  P o ly  C. The d i a l y s i s  e x p e r i 

m en ts  w ere  c a r r i e d  o u t  a t  2°C f o r  48 h o u r s .  I n  e a c h  e x p e r im e n t ,  

c o n t r o l s  w ere  ru n  to  e n s u re  e q u i l i b r a t i o n  and  n o n - m ig r a t io n  o f  th e  

m o d if ie d  p o ly m er a c r o s s  t h e  m em brane.
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R e a c tio n  o f  P o ly  C W ith H ydroxylam ine

5-^H  p o l y c y t i d y l i c  a c i d  v;as p u rc h a s e d  from. M ile s  L a b o r a to r i e s  

( S lk h a r t ,  I K ) . The u s e  o f  t h e  r a d i o a c t i v e l y  l a b e l e d  p o ly m e r was 

fo u n d  t o  be th e  b e s t  m eans f o r  th e  d e t e c t i o n  an d  q u a n t i t a t i o n  

o f  c y t i d i n e  d e r i v a t i v e s  a f t e r  r e a c t i o n  o f  t h e  po ljT iier w i th  

A d i r e c t  s p e c t r o p h o to m e t r ic  m ethod  was n o t  fo u n d  t o  a p p l i c a b l e  i n  

t h i s  s y s te m .

S o lu t io n s  o f  -^H-Poly C ( i n  0 .1  M Ka a c e t a t e  b u f f e r ,  pH 6 . 0 )  

w ere  m ix ed  w i th  e q u a l  v o lu m es o f  2 M KH^OH f o r  v a r i o u s  tim e  p e r 

io d s  (3 -2 4  h o u r s ) ,  a f t e r  w h ic h  th e y  w ere  c o o le d  a t  f o r  c a .

30 m in u te s .  The m o d if ie d  p o ly m e r f r a c t i o n s  w ere  s e p a r a t e d  from  

KH^OH b y  S ephadex  0 -2 5  g e l  f i l t r a t i o n .  C o n c e n tr a t io n  o f  th e  p o ly 

m er was a c c o m p lish e d  v i a  a c e t a t e  b u f f e r  and  e th a n o l  p r e c i p i t a t i o n  

a s  d e s c r ib e d  e a r l i e r .  F o r  a n a l y t i c a l  p u rp o s e s ,  an  a l i q u o t  o f  

th e  m o d if ie d  p o ly m e r s o l u t i o n  was t r e a t e d  w i th  0 .3  K KOH f o r  22 

h o u rs  a t  37*C i n  o r d e r  t o  d i g e s t  th e  p o ly m er to  n u c l e o t i d e  mono

m e rs . The c y t i d i n e  and  K H ^O H -cy tid ine  d e r i v a t i v e s  w ere  th e n  s e p 

a r a t e d  by t h i n -  l a y e r  c h ro m a to g ra p h y  on s i l i c a  g e l ,  u s in g  n - b u ta n o l :  

e th a n o l :w a te r  ( 8 0 :1 0 :2 5 )  a s  th e  s o lv e n t .

The e x t e n t  o f  r e a c t i o n  (an d  th u s  th e  r a t i o  o f  th e  H H ^C H -cyti- 

d in e  r e a c t i o n  p r o d u c ts )  w as e s t a b l i s h e d  by  c o m p arin g  t h e  r a d i o 

a c t i v i t y  a s s o c i a t e d  w i th  th e  c h r o m a to g ra p h ic a l ly  s e p a r a t e d  p r o 

d u c t s .  A known CMP s o l u t i o n  was u s e d  a s  a  r e f e r e n c e  t o  d i f f e r e n 

t i a t e  b e tw een  4 -h y d ro x y a m in o c y tid in e  and u n m o d if ie d  c y t i d i n e ,  

s in c e  b o th  w ere d e te c te d  v i a  th e  u s e  o f  a  s h o r t-w a v e  UV lam p . 

6 -h y d ro x y a m in o -5 , 6 -d ih y d ro -4 -h y d ro x y a m in o c y t id in e  was d e te c te d  by 

r a d i o a c t i v i t y  a s s o c i a t i o n  s in c e  i t  d o e s  n o t  a b s o rb  l i g h t  i n  th e
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UV r a n g e .  R a d i o a c t i v i t y  w as m e a su re d  b y  s c r a p in g  s i l i c a  g e l  s t r i p s

and  c o u n t in g  i n  a  t o lu e n e ,  PPG, POPOP s c i n t i l l a t i o n  c o c k t a i l  ( u s in g

a  P a c k a rd  S c i n t i l l a t i o n  C o u n te r ) .
The r e m a in in g  m o d if ie d  p o ly m er s o l u t i o n  a t  pK 6 .0  was

d ia ly z e d  a g a i n s t  0 .1  M Na a c e t a t e  b u f f e r  (pK k - ,1 )  t  1 .0  mM MgClg 

a t  5°C . F re s h  d i a l y s i s  b u f f e r  was a d d e d  t h r e e  t im e s .  Upon 

e f f e c t i v e  pH a d ju s tm e n t  o f  t h e  m o d if ie d  p o ly m er s o l u t i o n ,  e q u i l i 

b riu m  d i a l y s i s  e x p e r im e n ts  w ere  c a r r i e d  o u t  a t  2 °C  f o r  48 h o u r s .

The b in d in g  o f  d e o x y g u a n o s in e  an d  a d e n o s in e  t o  t h e  m o d if ie d  

p o ly m e r w as t h e r e b y  i n v e s t i g a t e d .  I n  e a c h  c a s e ,  a p p r o p r i a t e  

c o n t r o l s  w ere  ru n  t o  e n s u re  e q u i l i b r a t i o n  and  n o n - m ig r a t io n  o f  

t h e  p o ly m e r.
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F ig u re  42 . P o ly  C E lu t io n  on Sephadex G-25 Column

I n i t i a l  P o ly  C i n  0 .1  M Na a c e t a t e  b u f f e r  a t  pH 4 .1  

+ 1 .0  m  K gC lg . A g y j = 1 .4 9

L o ad ed  5 nil o f  P o ly  0 s o l u t i o n  on S ep h ad ex  G -25 colum n 

an d  c o l l e c t e d  80, 8 .0  m l f r a c t i o n s  u s in g  th e  above 

b u f f e r  s o l u t i o n  a s  t h e  e l u e n t .

'273

F r a c t i o n  #

1-18
19
20

0.00
0 .4 0
0 .3 7
0 . 0 6
0.00

21
22 -80

.5

0 . 4

• 3

.2

.1

0 . 0
4 8 12 16 24 2820 28 76 80

F r a c t i o n  #
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F ig u re  ^3. A b so rp tio n  S pec trum  o f  Sodium H it r i t e  a t  pH 4 .6

i n  0 .1  M Ka a c e t a t e  b u f f e r  (pH 4 .6 )  + 1 .0  ml-î MsCl,

0 .2  M NaHO.

A jgo  = O .W % 6 0  -  22

355 -

0.1*

A b s .

260 280 300 320 360

w a v e le n g th  (nm) 
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p y r im id in e  N u c le o t id e  C o n c e n tr a t io n  D e te rm in a tio n  

3 y  UY A b s o rp t io n  S p e c tro s c o p y

B e e r-L a m b e rt R e la t i o n s h ip  A=£C1, 

w here  A = A hsorbance, E=M olar E x t i n c t i o n  C o e f f i c i e n t ,  

C = C o n c e n tra t io n , an d  l = l i g h t  p a t h l e n g t h .

F o r  a  m ix tu r e  o f  tw o co m p o n en ts , a  and b  (CK? and UIÆP);

an d  = 4^2

T h e r e f o r e ,

a n d  =

I t  i s  d e s i r a b l e  t o  p ic k  w a v e le n g th s  an d  /j^ )  w here 

r e l a t i v e l y  l a r g e  d i f f e r e n c e s  i n  m o la r  e x t i n c t i o n s  o f  

th e  tv/o com ponen ts  o c c u r .
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n u c le o t id e s  i n  0 .1  M NaCl + 0 .3  N KOH a t  pH 12 . 5 .

1 CMP: /Imax = 267nm ^267 = 0 .8 8  T herefore » ^267 = 8 ,800

^234 = 0 .7 55 ^234 = 7 ,550

^278 = 0 .7 6 5 ^278 = 7 ,650

1 mî-î UMPl /4max = 257nm
*257 = 0 . 7 6  T herefore , £357 = 7 ,600

*234 = 0 .5 8 ^234 = 5 ,8 00

A i  -  234nm and = 278nm

^278 = 0 .2 9 ^278 = 2 ,900

i s o b e s t i c  p o in t s  a t  260 and 248nm &260 = 0 -735  

*248 “ 0 ,6 1 0

^260

^248

: 7 ,350  

: 6 ,100

1:1 M ixture o f  1 rrFi CMP + 1 mM CMP: 0 .6 7 5

^ 278

^  .  ( 5 .8 oo) ( o .5 3 )  -  ( 2 ,9 0 0 ) ( 0 .6 7 5 )
(CMPj =   = 4 .9 6  X 10 K

( 7 , 6 5 0 ) ( 5 , 8 0 0 ) -  ( 7 , 5 5 0 ) ( 2 , 9 0 0 )

^  -, ( 7 , 6 5 0 ) ( 0 . 6 7 5 ) -  (7 ,5 5 o T (o .5 3 )  u
j^mîp) = ---------------------------------------------------------  = 5 .1 7  X 10 M

(7 ,6 5 0 ) (5 ,8 0 0 )  -  ( 7 , 5 5 0 ) ( 2 , 9 0 0 )

General eq u a tio n s fo r  any m ixture:

(CMP;i = (^^G)A278 -  (2 '9 )A 2 3 4  ^
2247 ' 2247
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CMP and  ÜMP W  A b s o rp tio n  S p e c tro s c o p y  D ata  a t  xiH 6 .8 .

n u c le o t id e s  i n  0 .1  M Ha a c e t a t e  b u f f e r  a t  pK 6 .8 .

1 mi'i CMP: /I max = 268nm ^^6 8 = 0 .8 9 T h e r e f o r e ,  £ 36^ = 8 ,9 0 0

^258 = 0 .7 4 5 ^258 = 7 ,4 5 0

^280 = 0 .6 5 ^280 = 6 ,5 0 0

1 it3î T3I/EP: Xmax = 258nm ^258 = 0 .9 9 5 T h e r e f o r e ,  £258 = 9 ,9 5 0

*280 = 0 .2 8 ^280 = 2 ,8 0 0

= 258nm an d  ^ 2  ~  280nm

i s o b e s t i c p o i n t s  a t  245 an d 266nm ^ 2 4 5  " O . 6 0  £245 = 6 ,6 0 0

*26 6  = 0 -8 9  £2 6 6  '= 8 ,9 0 0

1 :1  M ix tu re o f  1 mI4 C&IP + 1 mM TMP; AorrO = 0 .8 8

^280  -
,  ,  ( 9 , 9 0 0 ) ( 0 . 4 6 )  -  ( 2 ,8 0 0 ) ( 0 .8 8 )  u
|CMP)=   = 4 .8  X 10“ M

( 6 . 5 0 0 ) ( 9 , 9 5 0 )  -  ( 7 , 4 5 0 ) ( 2 , 8 0 0 )

.  ^ ( 6 , 5 0 0 ) ( 0 . 8 8 ) -  ( 7 , 4 5 0 ) ( 0 . 4 6 )  u
rul1P> -------------------------------------------------------  = 5 . 2  X 10“^ M

( 6 . 5 0 0 ) ( 9 , 9 5 0 ) -  ( 7 , 4 5 0 ) ( 2 , 8 0 0 )

G e n e ra l  E q u a tio n  f o r  an y  m ix tu r e :

t o p T  = ^9-95)AgQQ -  ( 2 . 8 ) Ag ^ g  ^ ( 6 . 5 ) Ag ^ 8  ~_.^’̂ -.^^.^_^280

4381 ' 4381
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F ig u re  CMP' and  ÜMP S p e c tr a  a t  uH 6 .8 .

n u c l e o t i d e s  i n  0 .1  M Na p h o s n h a te  b u f f e r  a t  tdK 6 .8

r \  '  '

1 nM CMP

0 .7  \ -  5x10"'^  M CMP 
4- 5 x 1 0 "^  M UMP

A'bs

0 .5

0 . 2 -

0 . 1 "

2 4 0220 260 280

W aveleng th  (nm)



n u c l e o t i d e s  i n 0 .1  M Ka a c e t a t e  b u f f e r  a t  pK -4.1 *

1 îpJVI CT/IP: A  max = 273nm A273 = 0 .9 5 ^273 = 9 ,5 0 0

^-258 = 0 .6 1 ^258 = 6 ,1 0 0

^278 = 0 .9 1 ^278 = 9 ,1 0 0

1 mK TJMP: A  max = 257nm ^257 = 0 .9 2 ^257 = 9 ,2 0 0

* 2 5 8 = 0 .9 1 ^258 = 9 ,1 0 0

*278 = 0 .3 5 ^278 = 3 ,5 0 0

/ i  2 =  258nn and ^ 2  = 278nm

i s o b e s t i c  p o i n t s  a t  240 an d  268nm -^240 ”  ^£40  “ 4^100

^268 0 *S25 0 2 6 8  ^ 8 ,2 5 0

1 :1  K ix tu r e  o f  1 m ü  CTÆP -r 1 mlÆ ^258  ” 0«76

^278 ^ 0 - ^ 2 5

_  s, (9 ,1 0 0 )  ( 0 . 6 2 5 ) -  ( 3 , 5 0 0 ) ( 0 . 7 6 ) u,
(Cr/Œ3= -----------------------------------------------------  = 4 ,9 2  X 10 M

( 9 . 1 0 0 ) ( 9 , 1 0 0 ) -  ( 6 . 1 0 0 ) ( 3 , 5 0 0 )

^ ^ ( 9 ,1 0 0 ) ( 0 . 7 6 ) -  ( 6 ,1 0 0 ) ( 0 . 6 2 5 ) k
r j î m =    = 5 .0 4  X 10 M

( 9 . 1 0 0 ) ( 9 , 1 0 0 ) -  ( 6 , 1 0 0 ) ( 3 , 5 0 0 )

G e n e ra l  e q u a t io n s  f o r  a n y  m ix tu re ;  

fcMp) =  ^9 . 1 ) 4 ^ 7 3  - j 3 . 5 ) A ^ g 3  r  ^  ^

6146 ‘ 6146
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F ig u re  4 6 . CMP and UMP S p e c tr a  a t  pH. 4 .1 ,

n u c l e o t i d e s  i n  0 .1  M Ka a c e t a t e  
b u f f e r  a t  pH 4 . 1 .  / ^ \0 .9

0 . 8

  5 x 1 0 ”^  M CMP
+ 5 x 1 0 "^  M UMP0 .7

Abs

0 .4

0 .3

0 . 2

210 230 250 270 290 310
W avelength  (nm)



CMP and I3M? ÜY A bsorption  S p ec tro sco p y  Data a t  •pH 2 . 0 . 

n u c le o t id e s  i n  0 .1  M NaCl + 0 .0 1  N HCl a t  oH 2 . 0 .

1 mM CMP: / i  max = 276nm *^276 = 1 .30 ^276 = 13 ,000

^278 = 1 .30 ^278 = 13,000

* 2 5 6 = 0 .5 4 ^256 = 5 ,40 0

1 mM UMP: A max = 258nm *258 = 0 .9 9 ^258 = 9 ,900

*278 = 0 .4 0 ^278 = 4 ,0 0 0

*256 = 0 .9 7 ^ 2 5 6 = 9 ,700

/ I  ^  =  256nm and  À  2 ~ 278nm

i s o b e s t i c  p o i n t s  a t  264 an d  232nm ^ 2 6 4  ”  0 . 8 9  ^ 2 6 4  “ 8 ,9 0 0

A232 “  0 .2 8  ^232  ~ 2 ,8 0 0

1:1 M ixture o f  1 rr31 CMP + 1. mM UMP: ^256  ~ 0 ' 7o

^278 = 0-865

,  _ ( 9 . 7 0 0 ( 0 . 8 6 5 ) -  ( 4 ,0 0 0 ) ( 0 .7 6 )  j.
fCMPJ =   = 5 .1 2  X 10 K

( 1 3 .0 0 0 ) (9 ,7 0 0 )  -  ( 5 , 4 0 0 ) ( 4 , 0 0 0 )

 ̂  ̂ ( 1 3 ,0 0 0 ) ( 0 .7 6 )  -  (5 , 4 0 0 ) ( 0 .8 6 5 )  i.
(pMPj = --------------------------------------------------------  = 4 .9 8  X 10" M

( 1 3 .0 0 0 ) ( 9 ,7 0 0 )  -  ( 5 , 4 0 0 ) ( 4 , 0 0 0 )

G eneral e q u a t io n s  fo r  any m ixture:

(CMP) = ( 9'?)A278 -  (4 '0)A296  ̂ ( 13»0)Ag^^ -  (5.4)Ag^g
10450 ^  10450
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F ig u re  4 ? . CMP an d  ÜB'IP S p e c t r a  a t  pH 2 .0 .

n u c l e o t i d e s  i n  0 .1  M NaCl & 0 .0 1  N HCl a t  uH 2 .0

1 mM CMP

1 mM UMP

  5 x 1 0 "^  M CMP
4- 5x10"'^ M UMP

1 . 2

1 . 0

0 . 8

A b s .

0 .4

0 . 2

240220 260 280 300

w a v e le n g th  (nm) 
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T ab le  26 . B in d in g  o f  De oxy guano s in e  t o  C h e m ica lly  M o d ified  P o lv  C

E q u i l ib r iu m  D i a l y s i s  D a ta

m o d i f i c a t i o n  w i th  IK NaN02 a t  pH 4 .1  i n  0 .1  M Na a c e t a t e  b u f f e r

+ 1 .0  mM KgClg a t  37*C f o r  1 h o u r .

i n i t i a l  ^ P o ly  c} = 1 .3 5  x  10“ ^ K

a f t e r  r e a c t io n :  83^ C or 1 .1 5  x 10“  ̂ M CMP

15^ U o r  0 .2 0  X 10"3 M UMP

4G i-A 250

0 .2 7

(dG J  x lO ^  M 

2 .0 7

dG f-A 2^0

0 ,1 4

[d G ^ x lO ^  M

1 .0 7

[d G ^ x lO ^  M 

0 .0 0

0.4-1 3 .1 5 0 .2 2 1 .6 9 0 .0 0

. Q.,68 5 .2 3 0 . 3 4 2 .6 1 0 .0 0

0 .8 2 6 .3 0 0 . 3 9 3 . 0 0 0 . 3 0

0 .9 3 7 . 1 5 0 .4 2 3 . 2 3 0 . 6 9

1 .0 7 8 . 2 3 0 .4 8 3 . 6 9 0 .8 5

1 .2 0 9 . 2 3 0 . 5 1 3 . 9 2 1 . 3 9

2 .6 4 2 0 .3 0 1 .0 4 8 .0 0 4 . 3 0

3 .4 4 2 6 .4 6 1 . 4 3 1 1 .0 0 4 .4 6

38% b in d in g  o f  dG t o  C r e s i d u e s
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T able  27* B in d in g  o f  D eoxyguanosine t o  C h em ica lly  M o d ified  P o lv  C

C om puter D a ta

m o d i f i c a t i o n  w i th  B ' NaNOg a t  pH 4 .1  i n  0 .1  M 

+ 1 .0  mM MgClg a t  3 7 *C f o r  1 h o u r .

i n i t i a l  (P o ly  c3 = 1.35  x 

a f t e r  r e a c t i o n ;  85^ C o r  1 .1 5  x  10“ ^ M CMP

15^ U o r  0 .2 0  X 10"3 M CMP

Na a c e t a t e  b u f f e r  

10"^  M

n  S
h

HiMSD

3 4 .7 9 x 1 0 " ^ M 987 1 .8 1 x 1 0 -5

4  4 .3 9 x 1 0 " ^ M 1167 1 .3 7 x 1 0 -5

** 5 4 .3 8 x 1 0 ” ^ M 1303 1 .1 9 x 1 0 -5

6 4 .3 7 x 1 0 " ^ M 1408 1 .2 4 x 1 0 -5

7 4 .3 7 x 1 0 " ^ M 1493 1 .4 1 x 1 0 -5

** b e s t  v a lu e  o f  n  b a s e d  on lo w e s t  RÎ4SD

f o r  n=5

^dG ^)exp X 10^ M ( d G ^ c a l c  X 10^ M dG^CMP

0 ,0 0 0 .0 0 0 .0 0 0

0 .0 0 0 .0 1 0 .0 0 0

0 .0 0 0 .1 6 0 .0 0 0

0 .3 0 0 . 3 4 0 .0 2 6

0 .6 9 0 . 5 0 0 .0 6 0

0 .8 5 0 . 9 9 0 . 0 7 3

1 .3 9 1 .3 1 0.120

4 .3 0 4 .3 8 0 .3 7 3

4 .4 6 4 .3 8 0 .3 8 7



F ig u re  % . B in d in g  Iso th e rm  f o r  D eox y g u an o sin e :M o d ified  P o ly  C

m o d i f i c a t i o n  w i th  IM NaNOg a t  pH 4 .1  i n  0 .1  M Na a c e t a t e  b u f f e r

+ 1 .0  mM MgClg a t  37*C f o r  1 h o u r .

i n i t i a l  ( P o ly  = 1 .3 5  % 10“ ^ M

a f t e r  r e a c t i o n ;  83^ C o r  1 .1 5  x  lO ”^ M CMP

15% U or 0 .2 0  X 10"3  M UMP

0 .55

0 .4

3 0 .3
PU
g

0.22
&

0.11

—t
12

T
6 4 682 8  1010 2 12

( d G ^  x lO ^ M [ d G j  x lO ^  M
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T ab le  28. B in d in g  o f  A denosine  to  C h e m ica lly  M o d if ied  P o lv  C.

E q u i l ib r iu m  D i a l y s i s  D a ta  

m o d i f i c a t i o n  w i th  ISl NaHO_ a t  pH 4 .1  i n  0 .1  M Na a c e t a t e  b u f f e r  

+ 1 .0  mM MgClg a t  37*C f o r  1 h o u r .

i n i t i a l  ^ P o ly  c} = 1 .3 5 : x  10” ^ M

a f t e r  r e a c t i o n :  C o r  1 .1 5  x  10” ^ M CMP

U o r  0 .2 0  X 10"3  M m p

7% A d e n o s in e  bound o e r  UMP

h ' ^ 2 5 7

0 .4 6

^ A ^ )x lO ^  M 

3 .2 3

^ f “-^257

0 . 2 3

(^Aj*JxlO^ M 

1 .6 1

^A ^]x lO ^  M 

0 .0 0

0 .7 2 5 .0 7 0 . 3 6 2 . 5 3 0 .0 0

1 .0 1 7 .1 1 0 . 5 0 3 . 5 2 0 . 0 7

1 .1 6 8 .1 6 0 .5 8 4 .0 8 0 .0 0

1 .4 4 1 0 .1 4 0 . 7 2 5 . 0 7 0 .0 0

2 .8 2 1 9 .8 5 1 .4 0 9 .8 5 0 .1 4

3 .9 2 2 7 .6 0 1 .9 5 1 3 .7 3 0 .1 4

5 .0 8 3 5 . 7 7 2 .5 3 1 7 .8 1 0 .1 4

-1 4 8 -



’T ab le  29 . B in d in g  o f  D eoxyguanosine to  C h em ica lly  M o d ified  P o ly  C.

E q u i l ib r iu m  D i a l y s i s  D a ta

m o d i f i c a t i o n  w i th  l&I NaNOg a t  pK 4 .1  i n  0 .1  M Na a c e t a t e  b u f f e r  

+ 1 .0  mM MgClg a t  37*C f o r  3 h o u r s .

i n i t i a l  ^ P o ly  = 1 .3 7  x  10~^ M 

a f t e r  r e a c t i o n :  73^ C o r  1 .0 5  x  10“ ^ M CMF

26fo b in d in g  o f  dG t o  C r e s i d u e s

25% U o r  0 . 3 2  X 10"3 M UT/ÎP

dGi-^ZSO [ d G J  x lO ^  Bi dG^-Ag^Q ( d G jx lO ^  K [ d G jx lO ^  M

0 .2 6 2 .0 0 0 . 1 3 1 .0 0 0 .0 0

0 .3 8 2 .9 2 0 . 1 9 1 .4 6 0 .0 0

0 .6 8 5 .2 3 0 . 2 9 2 .2 3 0 . 7 7

0 .8 1 6 .2 3 0 . 3 4 2 .6 1 1 .0 0

0 .9 2 7 .0 7 0 .3 8 2 . 9 2 1 .2 3

1 . 0 6 8 .1 5 0 . 4 3 3 . 3 0 1 .5 5

1 .3 3 1 0 .2 3 0 . 5 6 4 . 3 0 1 .6 2

1 .8 3 1 4 .0 7 0 .7 8 6 .0 0 2 . 0 7

2 .6 1 2 0 .0 7 1 .1 4 8 . 7 6 2 . 5 4

3 .6 8 2 8 .3 0 1 .6 6 1 2 .7 6 2 .7 7

-1 4 9 -



•Table 30, B in d in g  o f  DeoxvgTianosine t o  C h e m ica lly  M o d ified  P o lv  C,

C om puter D a ta

m o d i f i c a t i o n  w i th  UA NaNO^ a t  pH 4 .1  i n  0 ,1  K Na a c e t a t e  b u f f e r

+ 1 .0  mM MgCl2 a t  37*C f o r  3 h o u r s ,

i n i t i a l  [ P o ly  c )  = I .3 7  x  lO” ^ M 

a f t e r  r e a c t i o n :  '75% C o r  I .0 5  x  10 “^ M CMP

25% U o r  0 . 3 2  X 10"3  M m ip

n S RT;1SD

1 2 ,6 3 x 1 0 " ^  M 1088 2 ,3 4 x l0 " 5

**  2 2 ,4 8 x 1 0 " ^  M 1413 2 ,4 1x10  "-5

3 2 ,3 6 x 1 0 " ^  M 1702 2 .7 3 x lO "5

4 2 . 29x 10" ^  M 1911 3 .1 0 x l0 " 5

5 2,24x10**^ M 2075 3 .4 0 x l0 " 5

** b e s t  v a lu e  o f  n  b a s e d  on lo w e s t  RIvlSD

f o r  n =2

^ d G ^ ^ e x p  X 10^ M 

0 . 0 0

[dGy] c a l c  X 10^ M 

0 .1 1

dG^CKP

0 .0 0 0

0 . 0 0 0 . 2 6 0 .0 0 0

0 , 7 7 0 .6 5 0 .0 7 3

1 ,0 0 0 .8 8 0 .0 9 5

1 ,2 3 1 ,0 9 0 .1 1 7

1 . 5 5 1 .3 3 0 .1 4 7

1 ,6 2 1 .91 0 . 1 5 4

2 , 0 7 2 .4 1 0 .1 9 7

2 , 5 4 2 ,4 8 0 ,2 4 1

2 , 7 7 2 .4 8 0 .2 6 3



F ig u re  ^ 9 . B in d in g  I s o th e rm  f o r  D eoxyguanosine :M o d ifled  P o lv  C

m o d i f i c a t i o n  w i th  1 K NaNCg a t  pK 4 .1  i n  0 .1  II Ka a c e t a t e  b u f f e r

+ 1 .0  m&i MgClg a t  f o r  3 h o u r s .

i n i t i a l  [ P o ly  c )  = 1 .3 7  x  10"^  M 

a f t e r  r e a c t i o n :  7 5 f‘> C o r  1 .0 5  x  10” ^ M CMP

25fo U o r  0 .3 2  X 10"3  M UMP

0 .5

3 .0

0 .4

2 . 0  , 0 .3

o
o
X

0.2
o

1 .0

0 . 1
0 .5

— 151“



T ab le  31. B in d in g  o f  A denosine  to  C h e m ica lly  M o d ified  P o lv  C.

E q u i l ib r iu m  D i a l y s i s  D a ta  

m o d i f i c a t i o n  w i th  1 M NaNOg a t  pH 4 .1  i n  0 .1  M Na a c e t a t e  b u f f e r  

+  1 .0  tM  MgClg a t  37*0 f o r  3 h o u r s .

i n i t i a l  ^ P o ly  = I .37  x  10” ^ M 

a f t e r  r e a c t i o n :  75%  C o r  1 .0 5  x  10” ^ M CMP

25% U o r  0 . 3 2  X 10"^  M UMP

^ i " “̂ 257 [A ^ )x10^ M A f"^237 fA ^ Jx lO ^  M K

' 0 .4 4 3 . 0 9 0 .2 2 1 . 3 4 0 .0 0

0 . 7 2 5 . 0 7 0 . 3 6 2 .5 3 0 . 0 0

1 .0 3 7 . 2 5 0 .5 1 3 . 5 9 0 . 0 7

1 .1 5 8 . 0 9 0 . 5 7 4 .0 1 0 . 0 7

1 .4 2 1 0 .0 0 0 .7 1 5 .0 0 0 .0 0

2 . 5 6 1 8 .0 2 1 .2 6 8 . 9 0 0 .2 1

3 . 7 2 2 6 .1 9 1 .8 4 1 2 .9 5 0 .2 8

9% b in d in g  o f  A d e n o s in e  u e r  Uf-'IP

- 152 -



T ab le  32. B in d in g  o f  D eoxyguanosine t o  C h e m ic a lly  M o d ified  P o lv  C

E q u i l ib r iu m  D i a l y s i s  D a ta  

m o d i f i c a t i o n  w i th  151 NaNO^ a t  pH h . l  i n  0 .1  M Na a c e t a t e  b u f f e r

+ 1 .0  m&i MgClg a t  37*C f o r  6 h o u r s .

i n i t i a l  ^ ? o ly  c} = 2 .0  x 10“ ^ M 

a f t e r  r e a c t i o n :  ^5^  C o r  0 .9  x  10” ^ M CRIP

55^ U o r  1 .1  X 10"3  M I3R1?

211  ̂ b in d in g  o f  dG t o  C r e s i d u e s

dC-i-A2«5o (d G .)x lO ^  M ^ ^ f ”^250 [ d C ^ x lO ^  M [d C ^ ]x lO ^  M

0 .2 6 2 .0 0 0 .1 3 1 .0 0 0 .0 0

0 .3 6 2 . 7 6 0 .1 8 1 .3 8 0 . 0 0

0 .6 4 4 . 9 2 0 .3 0 2 .3 0 0 . 3 2

0 .7 5 5 . 7 6 0 . 3 2 2 .4 6 0 .8 4

0 . 8 6 6 . 6 1 0 . 3 6 2 . 7 6 1 . 0 8

0 .9 8 7 . 5 3 0 .4 1 3 . 1 5 1 . 2 3

1 .2 3 9 .4 6 0 .3 3 4 . 0 7 1 . 3 2

1 .8 2 1 4 .0 0 0 .8 2 6 . 3 0 1 .4 0

2 .4 4 1 8 . 7 6 1 .1 1 8 . 5 3 1 .6 9

3 . 5 2 2 7 . 0 7 1 .6 4 1 2 .6 1 1 .8 4

4 . 6 7 3 5 . 9 2 2 .2 1 1 7 .0 0 1 . 9 2

-1 5 3 -



uable  33. B in d in g  o f  D eoxyguanosine t o  C h e m ica lly  M o d ifie d  P o lv  C

C om puter D a ta

m o d i f i c a t i o n  w i th  151 NaNOg a t  pH 4 .1  i n  0 .1  51 Na a c e t a t e  b u f f e r  

+ 1 .0  mM 51gCl2 a t  37*C f o r  6 h o u r s .

i n i t i a l  ^ P o ly  = 2 .0  x  10~^ 51 

a f t e r  r e a c t i o n :  U-Sfo C o r  0 .9  x  10“ ^  M CMP

5 5 f“ U o r  1 .1  X 10"3  M m ?

n

3

5

! Ï 1

1 .68x10“^ 51 1876 

1.65x10"^ M 2071 

1.63x10"^ M 2230

B51SD

1 .9 8 x 1 0 -5

1 .9 6 x10"5

1.9Bx10"5

**
b e s t v a lu e  o f  n  b a s e d  on lo w e s t  R51SD

f o r  n=4

^d G ^]ex p  X 10^ M f d G j c a l c  x  10^ M dG^CMP

0 .00 0 .01 0 .000

0 .00 0 .06 0 .000

0 .3 2 0 .5 4 0 .0 3 5

0 .8 4 0 .6 7 0 .09 3

1 .08 0 .9 4 0 .12 0

1 .23 1.25 0 .13 6

1 .3 2 1 .60 0 .1 4 6

1 .40 1 .65 0 .15 5

1 .69 1.65 0 .1 8 7

1 .8 4 1 .65 0 .2 0 4

1 .9 2 1 .65 0 .2 13

-1 3 4 -



F ig u re  50. B in d in g  Is o th e rm  f o r  D eo x y g u an o sin e ;M o d ified  P o lv  C

m o d i f i c a t i o n  w i th  IM NaNOg a t  pH 4 .1  i n  0 .1  M Na a c e t a t e  b u f f e r  

+ 1 .0  mT4 MgClg a t  37*0 f o r  6 h o u r s .

i n i t i a l  ^ P o ly  c )  = 2 .0  x  10“^ M 

a f t e r  r e a c t i o n :  45^  C o r  0 .9  x  10” ^ M CB5P

550 0 o r  1 .1  X 10"3  M UK?

0 .5

2 . 0

1 .5

o

1 . 0 0 . 2

M o 5 0 . 1-

-1 5 5 -



T a b le  3 ^ .  B in d in g  o f  A d e n o s in e  t o  C h e m ic a lly  M o d if ie d  P o lv  C

E q u i l ib r iu m  D i a l y s i s  D a ta  

m o d i f i c a t i o n  w i th  13i KaHO^ a t  pH 4 .1  i n  0 .1  M Na a c e t a t e  b u f f e r

+ 1 .0  mM MgClg a t  37*C f o r  6 h o u r s .

i n i t i a l  ^ P o ly  c} = 2 .0  x  lO” ^ M 

a f t e r  r e a c t i o n ;  45^ C o r  0 ,9  x  10“ ^ M ŒïF

55t5 U o r  1 .1  X 10"3  M M ?

f x i o ^  m ^ f '^ 2 5 7 [ A ^ x lO ^  M ( â j x l o ' *  K

0 .4 2 2 .9 5 0 .2 1 1 .4 7 0 .0 0

0 .7 3 5 .1 4 0 . 3 7 2 .6 0 0 . 0 0

0 .9 0 6 .3 3 0 . 4 5 3 . 1 6 0 . 0 0

1 .2 0 8 .4 5 0 .6 0 4 .2 2 0 .0 0

1 .3 1 9 . 2 2 0 . 6 5 4 . 5 7 0 . 0 7

2 .6 6 1 8 .7 3 1 .2 9 9 .0 8 0 . 5 7

3 .7 0 2 6 .0 5 1 .7 9 1 2 .6 0 0 .8 4

5 .3 5 3 7 .6 7 2 .6 0 1 8 .3 0 1 .0 6

6 .8 0 4 7 .8 8 3 .3 0 2 3 .2 3 1 .4 1

7 .8 0 5 4 .9 2 3 . 7 9 2 6 .6 9 1 . 5 4

13 .20 9 2 .9 5 6 .4 9 4 5 .7 0 1 .5 5

l4 ^  b in d in g  o f  A d en o s in e  t o  U r e s i d u e s

-1 5 6 -



T ab le  35» B in d in g  o f  A denosine  to  C h em ica lly  M o d ified  P o lv  C

Com puter D ata

m o d if ic a t io n  w i th  IM NaNO^ a t  pH 4-.1 i n  0 ,1  M Na a c e t a t e  b u f f e r

+ 1 .0  mM MgClg a t  37*C f o r  6 h o u r s .

i n i t i a l  ^ P o ly  c )  = 2 .0  x  10”^ M 

a f t e r  r e a c t i o n :  4^^  C o r  0 .9  x  lO "^  M CMP

55%  U o r  1 .1  X 10"3  M UJiP

n S ^1 MSD
— —
1 1 .5 8 x 1 0 " ^ M 287 1 .2 5 x 1 0 -3  M

** 2 1 .4 9 x 1 0 -4 M 354 9 .0 3 x 1 0 “ ^ M

3 • 1 .4 3 x 1 0 -4 M 427 1 .2 7 x 1 0 -3  Ivi

** b e s t  v a lu e  o f  n b a s e d  on lo w e s t  R&ISD 

f o r  n=2

v a lu e

^A ^'Jexp X 10^ M ( A ^ ) c a lc  X 1q4 M

b .o o 0 .0 0 0 .0 0 0

0 .0 0 0 .0 2 0 .0 0 0

0 .0 0 0 .0 4 0 .0 0 0

0 .0 0 0 .0 8 0 .0 0 0

0 .0 7 0 .0 9 0 .0 0

0 .5 7 0 .4 1 0 .0 5 1

0 .8 4 0 .7 5 0 . 0 7 6

1 .0 6 1 .2 3 0 . 0 9 6

1 .4 1 1 .4 4 0 .1 2 8

1 .5 4 1 .4 9 0 .1 4 0

1 .5 5 1 .4 9 0 .1 4 0

-1 5 7 -



F ig u re  51* B in d in g  Is o th e rm  f o r  A d e n o s in e ;M o d ifie d  P o lv  C

m o d i f i c a t i o n  w i th  l i t  Nal'IO^ a t  pH 4 .1  i n  0 .1  15 Ka a c e t a t e  b u f f e r

-r 1 .0  mI5 MgClg a t  37*0 f o r  6 h o u r s .

i n i t i a l  ^ ? o l y  c )  = 2 .0  x  10“^ K 

a f t e r  r e a c t i o n ;  457  ̂ 0 o r  0 .9  x  10” ^ M CI.IP

SSfo Ü o r  1 .1  X 10"3 K UÎ5P

0 .5

2 . 0

0 . 2-

0 . 1'

##
5020

4xlO

-1 5 8 -



T ab le  36. B in d in g  o f  D eox^/guanosine to  C h e m ica lly  M o d ified  P o lv  C

E q u i l ib r iu m  D i a l y s i s  D a ta  

m o d i f i c a t i o n  w i th  li/I NaNO^ a t  pH 4 .1  i n  0 .1  % Na a c e t a t e  b u f f e r  

+ 1 .0  m&l MgClg a t  37*0 f o r  12 h o u r s .

i n i t i a l  ^ P o ly  c ]  = 1 .5 9  x  10“^  M 

a f t e r  r e a c t i o n ;  70 0 o r  0 .1 2  x  lO ” ^ M CMP

93^ U o r  1 .4 ?  X 10"3  M ÜÎ5P

120 b in d in g  o f  dG t o  G r e s i d u e s

dGi-AzSO [ d G jx lO ^  M ° ^ f" ^ 2 5 0 [dG j x l O ^  K [d G ^ ]x lO ^  M

0 .4 3 3 .3 0 0 .2 1 1 .6 5 0 .0 0

0 .6 4 4 .9 2 0 . 3 2 2 .4 6 0 .0 0

0 .9 0 6 .9 2 0 . 4 5 3 .4 6 0 .0 0

1 .0 5 8 .0 7 0 . 5 3 4 . 0 7 0 .0 0

1 .3 0 1 0 .0 0 0 . 6 5 5 . 0 0 0 .0 0

1 .9 2 1 4 .7 6 0 .9 5 7 . 3 0 0 .1 6

2 .5 6 1 9 .6 9 1 .2 7 9 . 7 6 0 .1 6

3 .7 8 2 9 . 0 7 1 .8 8 1 4 .4 6 0 . 1 5

5 .1 2 3 9 .3 8 2 .5 5 1 9 .6 1 0 . 1 5

-1 3 9 -



T ab le  3 7 .  B in d in g  o f  A denosine  to  C h em ica lly  M o d ified  P o lv  C

E q u i l ib r iu m  D i a l y s i s  D a ta  

m o d i f i c a t i o n  w i th  IM NaKO^ a t  pH 4 .1  i n  0 .1  K Na a c e t a t e  b u f f e r  

+ 1 .0  JSgCl^ a t  37*C f o r  12 h o u r s .

i n i t i a l  ^ P o ly  = 1 .5 9  x  10“ ^ M 

a f t e r  r e a c t i o n :  1% C o r  0 .1 2  x  10“ ^ K  CMP

93% U o r  1 .4 7  x  10"^  M UKP

45% b in d in g  o f  A d e n o s in e  to  U r e s i d u e s

■^i"^257

0 .7 1

[A /)x lO ^ ' M

5 . 0 0

^ f" ^ 2 5 7

0 . 3 6

^A j*)x l0^ M

2 . 5 3

j^A^'JxlO^ M 

0 .0 0

0 .9 6 6 . 7 6 0 .4 8 3 .3 8 0 .0 0

1 .3 8 9 . 7 1 0 .6 8 4 .7 8 0 .1 4

2 . 7 6 1 9 .4 3 1 . 3 2 9 . 2 9 0 .8 4

3 . 9 8 2 8 .0 2 1 .8 8 1 3 .2 3 1 . 5 6

5 . 8 8 4 1 .4 0 2 .7 9 1 9 .6 4 2 .1 2

7 . 3 5 5 1 . 7 6 3 .4 8 2 4 .5 0 2 . 7 6

8 .4 6 5 9 . 5 7 3 . 8 1 2 6 .8 3 5 . 9 1

1 4 .3 0 1 0 0 .7 0 6 . 6 7 4 6 .9 7 6 . 7 6

-1 6 0 -



T a b le  3 8 .  B in d in s : o f  A d e n o s in e  t o  C h e m ic a lly M o d if ie d  P o lv  C

C om puter D a ta

m o d i f i c a t i o n  w i th  lîÆ NaNOg a t  pH 4 .1  i n  0 .1  M Na a c e t a t e  b u f f e r  

+ 1 .0  miL MgCl^ a t  37*C f o r  12 h o u r s .

i n i t i a l  ^ P o ly  C^ = 1 .5 9  x  10“ ^ M 

a f t e r  r e a c t i o n :  7f° C o r  0 .1 2  x  lO ” ^ K CM?

93fo U o r  1 .4 7  X 10"^  M m P

n  S ^1 KMSD

1 7 .5 9 x 1 0 "^ M 152 8 .6 6  X 10"^

** 2 6 .9 3 x 1 0 "^ M 196 7 .5 8  X 1 0 -3

3 6 .8 6 x 1 0 ” ^ M 219 7 .8 1  X 1 0 -3

4  6 .8 6 x 1 0 -4 M 235 8 .2 2  X IQ -3

** b e s t  v a lu e  o f  n  b a s e d  on lo w e s t  RIvISD

f o r  n=2

^ A ^  exp X 10^ M ^ A ^  c a l c  X 1q4 M A-^UKF

0 .0 0 0 .0 3 0 .0 0 0

0 .0 0 0 . 0 6 0 .0 0 0

0 .1 4 0 . 1 3 0 .0 0 8

0 .8 4 0 . 5 7 0 .0 5 7

1 .5 6 1 .2 2 0 .1 0 6

2 .1 2 2 .6 9 0 .1 4 4

2 .7 6 3 . 9 2 0 .1 8 7

5 .9 1 4 .4 8 0 .4 0 2

6 .7 6 6 .8 8 0 .4 5 9

—l 6 l -



F ig u re  5 2 . B in d in g  Iso th e rm  f o r  A d e n o sin e tM o d ified  P o lv  C

m o d i f i c a t i o n  w i th  IM KaNO^ a t  pK 4 .1  i n  0 .1  M Na a c e t a t e  b u f f e r  

T 1 .0  mîÆ K gC l^ a t  57*0 f o r  12 h o u r s .

i n i t i a l  fP o ly  c} = 1 .5 9  x  10’ ^ M 

a f t e r  r e a c t i o n :  7^  G o r  0 .1 2  x  10 ^ M CM?

93%  U o r  1 .4 7  x  1 0 "^  M W:P

0 . 4

c
0 . 2"

10 20 30 40 5010 20 30 40 50

(A ^ )x lO ^  M ^AfJxlO

-1 6 2 -



T ab le  39* B in d in g  o f  D eoxyguanosine t o  P o lv  C,U Conolvmer

Copolym er from  M ile s  L ab s .

R e p o r te d  C;U b a s e  r a t i o :  1 .0  : I . 3  

E x p e r im e n ta l ly  d e te rm in e d  b a s e  r a t i o :  C : U

CCMP)= 0 .6  X 10"3 M C^TiP)= 0 . 7  X 10"3  M

E q u i l ib r iu m  D i a l y s i s  D a ta

zy /o  b in d in g  o f  d e o x y g u a n o s in e  t o  C r e s i d u e s

co p o ly m e r i n  0 .1  iYi Na a c e t a t e  b u f f e r . pH 4 .1  + 1 .0  mK MgClg

*G i-A 250

0 .2 6

^dG .'Jx lO ^ M 

2 .0 0

dG f-A 2^0

0 .1 3

[d G ^ x lO ^  K 

1 .0 0

[d G .Jx lO ^  M 

0 .0 0

0 . 3 9 3 . 0 0 0 . 1 9 1 .4 6 0 .0 8

0 .6 4 4 . 9 2 0 .3 0 2 . 3 0 0 . 3 2

0 . 9 2 7 . 0 7 0 .4 0 3 . 0 7 0 . 9 2

1 .0 5 8 . 0 7 0 . 4 5 3 .4 6 1 . 1 5

1 . 3 2 1 0 .1 5 0 . 5 7 4 .3 8 1 .3 9

1 .9 1 1 4 .6 9 0 .8 6 6 .6 1 1 .4 6

2 .5 0 1 9 .2 3 1 .1 6 8 . 9 2 1 . 3 9

3 . 7 2 2 8 .6 1 1 .7 7 1 3 .6 1 1 .3 8

-1 6 3 -



■Table 4-0. B in d in g  o f  D eo x y g u an o sin e  t o  P o lv  C.Ü C o ro lv m e r. 

C opolym er from  M ile s  L a b s .

R e p o r te d  G:U b a s e  r a t i o :  1 .0  : 1 .3 »

E x p e r im e n ta l ly  d e te rm in e d  b a s e  r a t i o :  43^ C : 55?^ U 

CCMP)= 0 .6  X  10"3 M 0 .7  X  1 0 "^  M

C om puter D a ta

c o p o ly m er i n  0 .1  M Na a c e t a t e  b u f f e r ,  pH 4 .1  + 1 .0  mM MgClg.

n

3

4

**  ^ 

6

S

1 .4 3 x 1 0 "^  M 1812 

1 .4 1 x 1 0 "^  M 1952 

1 .4 0 x 1 0 "^  M 2067 

1 . 39x 10” ^  M 2159

RÎÆSD

6 . 72x 10"^

3 .4 0 x 1 0 ” ^

3 .2 4 x lO "5

5 .0 6 x l0 " 5

** b e s t v a lu e  o f  n  b a s e d  on lo w e s t  RDISD

f o r  n=5

K 3 exp  X 10^ M f d C - J c a lc  X  10^ M dG^/CMF

0 . 0 0 0 . 0 0 0 .0 0 0

0 .0 8 0 . 0 2 0 .0 1 3

0 . 3 2 0 . 3 0 0 .0 5 3

0 .9 2 0 . 9 2 0 .1 5 3

1 .1 5 1 . 1 6 0 .1 9 1

1 .3 9 1 .3 9 0 .2 3 1

1 .4 6 1 .4 0 0 .2 4 3

1 .3 9 1 .4 0 0 .2 3 1

1 .3 8 1 .4 0 0 .2 3 0

—164—



F ig u re  53* B in d in g  I s o th e r m  f o r  D eo x y g u an o sin e  : P o lv  C.U» 

C opolym er from  M ile s  L a b s  

R e p o r te d  C:U b a s e  r a t i o ;  1 .0  : 1 .3  

E x p e r im e n ta l ly  d e te rm in e d  b a s e  r a t i o ;  ^5?^ C ; 55/^ U 

[CKlO = 0 .6  X  1 0 "3  M (ui.'I?i= 0 .7  X  10"3  M

0 .4
1.5

1.0  "

o
o
. - I
X

—1 6 5 —



T a b le  41. B in d in g  o f  A d en o s in e  t o  P o lv  C.TJ C opolym er 

C opolym er from  M ile s  L ab s  

R e p o r te d  C:U b a s e  r a t i o :  1 .0  : 1 .3*

E x p e r im e n ta l ly  d e te rm in e d  b a s e  r a t i o :  4-5/5 G : 55;5 U

= 0 .6 X  10"3 % C w ) =  0 ,7  X 10"3 K

E o u i l ib r iu m  D i a l v s i s  D a ta

co p o ly m er in  0 .1  M Na a c e t a t e  b u f f e r , pH 4 .1  + 1 .0 miVl MgClg

^ i" ^ 2 5 7 f A j x l O ^  M ^f* '^257 [A j x l O ^  M

0 .4 4 3 .0 9 0 .2 2 1 .5 4 0 .0 0

0 .9 0 6 .3 3 0 ,4 5 3 .1 6 0 .0 0

1 .2 8 9 .0 1 0 .6 4 4 .5 0 0 .0 0

1 .4 0 9 .8 5 0 .7 0 4 .9 2 0 .0 0

2 .8 0 1 9 .7 1 1 .3 6 9 . 5 7 0 . 5 6

4 .2 8 3 0 .1 4 2 .0 9 1 4 .7 1 0 . 7 1

5 .9 4 4 1 .8 3 2 .9 2 2 0 .5 6 0 . 7 1

7 .2 3 5 0 .9 1 3 .5 5 2 5 .0 0 0 . 9 1

8 .4 0 5 9 .1 5 4 .1 4 2 9 .1 5 0 .8 5

12^ b in d in g  o f  A d e n o s in e  t o  U r e s i d u e s
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T a b le  42 . B in d in g  o f  A d e n o s in e  t o  P o lv  C.U Co-polvmer 

C opolym er from  M ile s  L ab s  

R e p o r te d  G:IJ b a s e  r a t i o :  1 .0  : I .3  

E x p e r im e n ta l ly  d e te rm in e d  b a s e  r a t i o :  k5fa  G ; u  

tcM P)= 0 . 6  X 10“ ^ M [Uî.lP^= 0 . 7  X 10"3  M

C om puter D a ta

n

4

5

6 

7

! h
7 .9 8 x 1 0 "^  M 642 

7 . 95x 10" ^  M 680

7 .9 5 x 1 0 ” -5 M 705 

7 .9 5 x 1 0 “ -5 m 726

RMSD 

0 . 69xlO "5 

0 .6 7 x 1 0 "^  

0 .6 6 x 1 0 "^  ■ 

0 . 67x 10"-^

b e s t  v a lu e  o f  n  b a s e d  on lo w e s t  

f o r  n=6

RMSD

exp X 10^  M ( a J  c a l c  X 10^ M A y m p

0 .0 0 0 .0 0 0 .0 0 0

0 .0 0 0 .0 0 0 .0 0 0

0 .0 0 0 . 0 7 0 .0 0 0

0 .0 0 0 .1 0 0 .0 0 0

0 .5 6 0 . 5 5 0 .0 8 0

0 . 7 1 0 . 7 9 0 .1 0 1

0 .7 1 0 . 7 9 0 .1 0 1

0 .9 1 0 . 7 9 0 .1 3 0

0 .8 5 0 . 7 9 0 .1 2 1
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F ig u r e  5 ^ -  B in d in g  I s o th e r m  f o r  A d e n o s in e ;P o lv  C ,U . 

C opolym er from  M ile s  L a b s  

R e p o r te d  C :ü  b a s e  r a t i o ;  1 .0  ; 1 ,3  

E x p e r im e n ta l ly  d e te rm in e d  b a s e  r a t i o ;  ^5 ^  C ; U

(cMF}= 0 .6  X 10"3  M (Ul»lp)= 0 .7  X 10"^ M

1 . 0

0 .4

0 .3

0.2

0.10 . 2

5 10 15 20 25 305 10 15 20 25 30

^ A j x l O ^  M (A f)
4x io ^  M
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P ig u re  55* C om 'oarison B in d in g  I s o th e r m s : B in d in g  o f  D eo x y g u an o sin e  

To C h e m ic a lly  M o d if ie d  F o ly  C.

E q u i l ib r iu m  d i a l y s i s  a t  2 "c  f o r  48 h o u rs  i n  0 .1  L I;a a c e t a t e  
b u f f e r ,  pH 4 .1  + 1 .0  ml.'. H gC lg.

u n m o d if ie d  r o l y  C

1 h r .  Kal-iC^ r e a c t i o n

3 h r .  NallOg r e a c t i o n  

75# C; 25% U 

6 h r .  KaHCo r e a c t i o n0 .4

45% Ü; 33% U

3

0 . 2

0 . 1

6 8 10 12 1

CdGjxlO • K
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Figure 5o. Comparison Binding Isotherms: Binding of Adenosine
To Chemically Modified Polv C.

E q u i l ib r iu m  D i a l y s i s  a t  2®C f o r  48 h o u rs  i n  0 .1  % Na a c e t a t e  
b u f f e r ,  pK 4 .1  t 1 .0  mî€ K gC lg.

F o ly  u : A d e n o s in e

12 h r .  NaNCg r e a c t i o n .

0 .5
KaNO^ r e a c t i o n ,  55^ U; 

-------------   45;^ C

20
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T a b le  ^3• Coinx>arison o f  B in d in g  D a ta  From MaHO^ -M o d if ie d

P o ly  C Svsoem s

U n m o d ified  P o ly  C:dG ( i n  0 .1  M Na a c e t a t e  b u f f e r ,  1 .0  mlvI MgClg» pH 4 .1 )  

n  * AC-(-RTlnlC^)

4  1819 - 4 .0 8  k c a l /m o le

1 h o u r  NaNOg r e a c t i o n  w i th  P o ly  C (sam e b u f f e r  a s  a b o v e , pH 4 .1 )

1  1303 - 3 .9 0  k c a l /m o le

3 h o u r  NaNOg r e a c t i o n  w i th  P o ly  C (sam e b u f f e r  a s  a b o v e , pH 4 .1 )

2 1413 - 3 .9 4  k c a l /m o le

6 h o u r  NaNOg r e a c t i o n  w i th  P o ly  C (sam e b u f f e r  a s  a b o v e , pH 4 .1 )

4 2017 - 4 .1 4  k c a l /m o le

U n m o d ified  P o ly  U:A ( i n  0 .1  M Na a c e t a t e  b u f f e r ,  1 .0  mH HgCl^» pH 4 .1 )  

n  A G (-RTlnK ^)

5 451 - 3 . 3 2  k c a l /m o le

6 h o u r  NaNOg r e a c t i o n  w i th  F o ly  C (sam e b u f f e r  a s  a b o v e , pH 4 .1 )

2 354 - 3 . 1 9  k c a l /m o le

12 h o u r  NaNGg r e a c t i o n  w i th  P o ly  C (sam e b u f f e r  a s  a b o v e , pH 4 .1 )

2 196 - 2 .8 7  k c a l /m o le
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C hrom ato.gra 'D hic S e p a r a t io n  o f  R e a c t io n  P r o d u c ts

- N i t r o u s  A c id -

NaNOg a c t i o n  on c y to s in e  r e s i d u e s  i n  P o ly  C ch an g e s  some 

o f  th e  c y t o s i n e  r e s i d u e s  t o  u r a c i l  r e s i d u e s .

( I )  S o lv e n t :  E th a n o l

S t a t i o n a r y  P h a s e ;  C e l lu lo s e  on p l a s t i c

C h ro m a to g ra p h y  m eth o d ; T h in  L a y e r  A sc e n d in g

M eans o f  I d e n t i f i c a t i o n ;  S h o r t  wave IP/ l i g h t

P r o d u c t  v a l u e s ;  CMP; = 0 .4 6 ;  IMP; = 0 .6 0

( I I )  S o lv e n t ;  n - b u t a n o l : e t h a n o l ; w a t e r  (8 0 ;1 0 ;2 5 )

S t a t i o n a r y  P h a s e ;  C e l lu lo s e  on p l a s t i c

C h ro m a to g ra p h ic  m eth o d ; T h in  L a y e r  A sc e n d in g

P r o d u c t  v a lu e s ;  CMP : = 0 .3 4 ;  IMP; = 0 .5 0

( I I I )  S o lv e n t ;  n - b u t a n o l ; e t h a n o l ; w a t e r  (8 0 :1 0 :2 5 )

S t a t i o n a r y  P h a s e ;  v/hatman 3 î'M p a p e r ,  a s c e n d in g  p a p e r  chrom . 

P r o d u c t  v a lu e s ;  CMP; = 0 .2 8 ;  UMP; = 0 .4 0

(IV ) S o lv e n t ;  7c;« E th a n o l

S t a t i o n a r y  P h a s e ;  IVhatman #  1 p a p e r  d ip p e d  i n  10^ (NH^^g^O^ 

P r o d u c t  v a lu e s ;  CMP; R^ = 0 .5 7 ;  ' IMP; = 0 .7 2

-H y d ro x y la m in e -  

(V) S o lv e n t ;  n - b u t a n o l ; e t h a n o l ; w a t e r  ( 8 0 ;1 0 ;2 5 )

S t a t i o n a r y  P h a s e ;  S i l i c a  G el P l a t e s  f o r  TLC 

P r o d u c t  R^ V a lu e s ;  CMP; = 0 .4 7 ;  4 -C H -a m in o c y tid in e -P

R^ = 0 .8 0 ;  6 -hydroxyam ino-5>  6 -d ih y d ro -4 -O H -am in o  c y t i d i n e - P

Rj  = 0 . 6 l .T
-1 7 2 -



Figure 57* H-Polv C Slution on Seuhadex G-25 Column.

A

2 . 0

273

1 .5

1 . 0

0.5'

T j o l v c v t i d v l a t e  fro m  M ile s  L a b s :

- s p e c i f i c  a c t i v i t y :  2 9 .2  p -C i/p . m o le  P 

- c o n c e n t r a t i o n :  10 u C i i n  0 .5 6  m l, i n  50/o EtOH 

- c a l c u l a t e d  q u a n t i t y :  1 1 .8  pg  F o ly  C /pC i 

I n i t i a l  P o ly  C s o l u t i o n :  14 m l P o ly  C i n  0 .1  Mi Na a c e t a t e  

b u f f e r  (pH 4 .1 )  1 .0  mlvî KgCl_ a n d  0 .5  m l ^ K -P o ly  G.

100 f i l  o f  t h i s  P o ly  C s o l u t i o n  show s 8 7 ,0 2 8  cpm.

L oaded  8 m l o f  t h i s  s o l u t i o n  on S ep h ad ex  G -25 colum n 

an d  c o l l e c t e d  8 0 , 9 m l f r a c t i o n s  u s in g  0 .1  M Na a c e t a t e  

b u f f e r  (pH 4 .1 )  + 1 .0  m lv ; M.gCl^ a s  th e  e l u e n t .

F r a c t io n  #
- 2 7 3

0 .0 01-15

16 0 .0 4

17 0 .6 3

18 2 .0 4

19 1 .2 2

20 0 .0 5

21 0 .0 5

22 0 .0 4

2 3 -80 0 .0 0

\

l\
1 1  

I i
I 1

corn f o r  100 u l

941

1 8 ,5 6 4

6 5 ,5 0 6

3 3 ,1 6 6

1 ,937

2 ,2 5 1

816

, J
10 15 20

F r a c t io n  #

25 8 0



M o d if ic a t io n  o f  P o lv  C w ith  H vdroxvlam ine a t  •qH 6 .0 .

I n i t i a l  ^ H -F o ly  C i n  0 ,1  M Na a c e t a t e  b u f f e r  a t  pK 6 ,0 .

/Im ax  = 267mn = 0 ,9 7  P o ly  C = 1 .4 4  x  10” ^ M

100 u l  o f  P o ly  C s o l u t i o n  show s 3 3 ,4 0 3  cpm

M o d if ic a t io n  w i th  lî'I NHgOH a t  pH 6 .0  i n  0 .1  M Na a c e t a t e  b u f f e r  

+ 1 .0  nîÆ MgClg a t  37*0 f o r  3 h o u r s ,

S eohadex  G -26 G el F i l t r a t i o n  

F r a c t io n  (8 m l) —269 com f o r  100 u l

1 - lS  0 ,0 0

19 0 .1 6  5 , 7 9 4

20 0 . 3 4  1 2 ,4 4 0

21 0 . 11  4 ,2 5 3

2 2 -8 0  0 ,0 0

F r a c t io n s  19 -21  com bined an d  c o n c e n t r a t e d  a s  d e s c r ib e d  i n  t e x t .  

M o d if ie d  P o ly  C s o l u t i o n ; m a x  = 267nm, ^267  ~

100 ]ul o f  M o d if ie d  P o ly  C s o l u t i o n  show s 2 3 ,8 9 0  cpm,

7 ml o f  m o d if ie d  P o ly  C d ia ly z e d  a g a i n s t  0 .1  K Na a c e t a t e  b u f f e r  

a t  pH 4 .1  + 1 ,0  mM M gClg, A f t e r  d i a l y s i s ;  /im ax  = 273nm, Agy^ = 0 ,7 3  

100 f il  o f  M o d if ie d  P o ly  C s o l u t i o n  a t  pH 4 .1  show s 2 0 ,2 1 7  cpm,

l i .4i ijP.lQ _ 0 «8.9x10— M 2 o t a l  C c y tid in e }  t  fm o d if ie d  c y t i d i n e l
33,403opm  20,217cpm

r e s i d u e s  i n  p o ly m e r  = 8 .9  x 10~ K

A lk a l in e  h y d r o ly s i s  t o  n u c l e o t i d e  u n i t s ;  335  ̂ h y p o c h ro m ic ity .

S i l i c a  G el TIC r e v e a l s ;  93^ u n m o d if ie d  c v t i d i n e ; V̂ o 4-C K -am ino 

c y t i d i n e  ; and 6% 6 -h v d ro x y a m in o - 5, 6 - d ih y d r o -  4~0H -am inoc:Tfcidine.
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T a b le  4 4 . B in d in g  o f  D eoxygruanosine t o  C h e m ic a lly  M o d if ie d  P o lv  C, 

m o d i f i c a t i o n  w i th  1 K îîHgOH i n  0 .1  M Na a c e t a t e  b u f f e r ,  pK 6 .0  

+ 1 .0  mî/I MgClg a t  37*C f o r  3 h o u r s .

E q u i l ib r iu m  D i a l v s i s  D a ta  

c o n d i t i o n s :  a t  pK 4 .1  i n  0 .1  M Ka a c e t a t e  b u f f e r  -r 1 .0  mfil MgCl^ 

T o t a l  [ c y t id in e ^  +  [ m o d i f ie d  c y t id in e }  r e s i d u e s  i n  p o ly m e r =

8 .9  X 1 0 "^  M.

93^ a r e  c y t i d i n e  o r  8 .2 7 x 1 0 “ ^  K 

6% a r e  6 -h y d ro x y a m in o -3 , 6 -d ih y d ro -4 -0 H -a m in o c y t id in e  o r  

0 .5 3 x 1 0 " ^  M

12 a r e  4 -O H -a m in o c y tid in e  o r  0 .0 8 9 x 1 0 "^  M

^^i"-^273 (dG ^}x lO ^ k  dC-^-A2.73 [dG ^JxlO ^ M [dC -Jx lO ^  M

0 . 2 6 2 .0 0 0 .1 3 1 .0 0 0 .0 0

0 .3 9 3 .0 0 0 .1 9 1 .5 0 0 .0 0

0 .6 6 5 .1 1 0 .2 8 2 .1 9 0 .7 3

0 .8 3 6 .3 8 0 .3 6 2 .7 6 0 .8 5

0 .8 9 6 .8 4 0 .3 7 2 .8 4 1 .1 6

1 .0 5 8 .0 7 0 .4 4 3 .3 8 1 .3 1

1 .2 7 9 .7 6 0 .5 2 4 .0 0 1 .7 6

1 .9 8 1 5 .2 3 0 .7 9 6 .0 7 3 .0 8

2 .4 2 1 8 .6 1 1 .0 0 7 .6 9 3 .2 3

3 .4 4 2 6 .4 6 1 .5 0 1 1 .5 3 3 .4 0

M ig r a t i .on C heck: %io d i f i e d  P o ly  C: b u f f e r = 0 . 7 0 : 0 .0 0

cpm = 18,839 : 211
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Z ab le  4 5 . B in d in g  o f  D eo x y g u an o sin e  t o  C h e m ic a lly  M o d if ie d  P o ly  G,

C om puter D a ta

m o d i f i c a t i o n  w i th  1 K NH^OH i n  0 .1  % Na a c e t a t e  b u f f e r ,  pH 6 .0  

T 1 .0  mJî KgClg a t  37*C f o r  3 h o u r s .

E q u i l ib r iu m  d i a l y s i s  c a r r i e d  o u t  a t  pH ^ .1  i n  0 .1  M Ka a c e t a t e  

b u f f e r  T 1 .0  ml/i M gCl^. M o d i f i c a t io n  o f  th e  p o ly m e r y i e l d e d :

6^ 6 -h y d ro x y a m in o -5 , 6 -d ih y d r o - 4 —hydro x y am in o  c ^ r t id in e  o r  

0 .5 3 x 1 0 " ^  M

1>'3 4 -h y d ro x y a m in o c y t id in e  o r  0 .0 8 9 x 1 0
-it

93^ u n m o d if ie d  c y t i d i n e  o r  8 .2 7 x 1 0  ' M

n S K , RMSD

1 3 .4 8 x 1 0 " ^  M 964 3.09x10"-^

** 2

3

3 .3 5 x 1 0 " ^  M 1180 

3 .2 5 x 1 0 " ^  M 1374

1 .5 0 x 1 0 "^

2 . 09x 10

4 3 .2 1 x 1 0 " ^  M 1516 2 .9 3 x 1 0 " -

5 3 .1 8 x 1 0 “ ^  K 1620 3 . 63x 10"^

** b e s t v a lu e  o f  n  b a s e d  on lo w e s t  Rl.iS 

f o r  n =2

D.

w exp X 10 ^ M QiC-^'Jcalc X 1 0 "^  M doycM P

0 . 0 0 0 . 1 0 0 .0 0 0
0 .0 0 0 . 2 6 0 .0 0 0
0 . 7 3 0 . 5 8 0 .0 8 8
1 .1 6 0 . 9 9 0 .1 4 0
1 .3 1 1 .3 8 0 .1 5 8
1 .7 6 1 .8 4 0 . 2 1 2
3 .0 8 2 . 9 9 0 . 3 7 2
3 .2 3 3 . 3 2 0 .3 9 0
3 .4 0 3 . 3 5 0 .4 1 0
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F ig u re  58, B in d in g  Iso th e rm  f o r  D e o x y g u an o s in e :K o d ifie d  P o ly  C

m o d i f i c a t i o n  w i th  Wi KH^CK a t  pK 6 .0  i n  0 .1  K Ka a c e t a t e  b u f f e r  

+ 1 .0  mîÆ MgCl^ a t  37°C f o r  3 h o u r s .

X

o

t o t a l  ^ c y to s in e )  i n  m o d if ie d  P o ly  C = 8 .9  x  10~^ M 

93^ u n m o d if ie d  c y to s in e  r e s i d u e s  o r  8 .2 7 x 1 0  ^  ¥.

6fo 6 -h y d ro x y am in o -5 »  6 -d ih y d ro -^ -O H -a m in o c y tid in e  o r  

0.53x10"^ M 
I fc  4 - hy  d r  oxyam ino c y t i d i n e  o r  0 .0 9 x 1 0 ” ^  M

3 .5

2 .5 o

2 . 0

1 .5

1 . 0

0 .5

1 3 5 7 119 1 3 5 7 110

(dG j  X 10^ M (dG^x 10^ M
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Z a b le  4-6 B in d in g  o f  A d e n o s in e  to  C h e m ic a l ly  M o d if ie d  P o lv  C. 

m o d i f i c a t i o n  w i t h  1 M IIK^CK i n  0 .1  M Ka a c e t a t e  b u f f e r ,  pH 6 .0  

+ 1 .0  mM MgClg a t  37*G f o r  3 h o u r s .

E q u i l ib r iu m  D i a l y s i s  D a ta  

c o n d i t i o n s :  a t  pH 4 .1  i n  0 .1  M Na a c e t a t e  b u f f e r  + 1 .0  mM MgCl^ 

T o ta l  C c y tid in e ^  + { [m o d ified  c y t i d i n e )  r e s i d u e s  i n  p o ly m e r =

8 .9  X 1 0 "^  K 

935  ̂ a r e  c y t i d i n e  o r  8 .2 7  x  1 0 " ^  M

a r e  6 -h y d ro x y a m in o -5  » 6 -d ih y d ro -4 -O H -a m in p c y t id in e  o r  

0 .5 3  X 1 0 "^  M

1^ a r e  4-TOH-amino c y t i d i n e  o r 0 . 09x 10"'^ M.

^ i" ^ 2 5 7 [A j] x lO ^  M ^f~*^267. [ A ^ x lO ^  M (A .J x lO ^  M

0 .4 3 3 .0 2 0 .2 2 1 .5 4 0 .0 0

0 .7 2 5 .0 7 0 .3 6 2 .5 3 0 .0 0

0 .9 6 6 .7 6 0 .4 8 3 .3 8 0 .0 0

1 .4 0 9 .8 5 0 .7 0 4 .9 2 0 .0 0

2 .7 3 1 9 .2 2 1 .3 6 9 .5 7 0 . 0 7

3 .9 7 2 7 .9 5 1 .9 8 1 3 .9 4 0 . 0 7

5 .7 2 4 0 .2 8 2 .8 5 2 0 .0 7 0 .1 4

7 .3 0 5 1 .4 0 3 .6 5 2 5 .7 0 0 .0 0

8 .5 2 6 0 .0 0 4 .2 5 2 9 .9 2 0 .1 4
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M o d if ic a t io n  o f  P o lv  C # i t h  H ydroxylam ine a t  -qH 6 .0 .

I n i t i a l  ^H -P o ly  C i n  0 .1  M Na a c e t a t e  b u f f e r  a t  pH 6 .0 .

/im ax = 267uin ^ 367  ~ 0*97 C ^ o ly  c )  = 1 .4 4  x  10“ ^ M

100 p i  o f  P o ly  C s o l u t i o n  show s 3^>578 cpm

M o d if i c a t io n  w i th  1 M NH^OH a t  pH 6 .0  i n  0 .1  M Na a c e t a t e  b u f f e r  

+ 1 .0  mT£ MgCl^ a t  37*C f o r  12 h o u r s .

S en h ad ex  G -25 G e l F i l t r a t i o n

F r a c t io n  #  (9 m l) - 2 6 9
0 . 0 0

com f o r  :

1 -1 5 -

16 0 . 0 6 2 ,1 4 4

17 0 . 3 2 1 1 ,2 3 8

13 0 . 1 2 4 , 5 5 1

19 0 . 0 1 390

20-80 0 . 0 0 _

F r a c t i o n s  16-18 com bined  an d  c o n c e n t r a t e d  a s  d e s c r ib e d  i n  t e x t .

M o d if ie d  P o ly  C s o l u t i o n :  /im ax  = 267nm ^367

100 p i  o f  m o d if ie d  P o ly  C s o l u t i o n  show s 2 4 ,1 4 0  cpm.

7 m l o f  m o d if ie d  P o ly  C d i a ly z e d  a g a i n s t  0 .1  M Ka a c e t a t e  b u f f e r  

a t  pH 4 .1  + 1 .0  mi'i M gClg. A f t e r  d i a l y s i s :  /im ax = 272nm, ^ 2 7 2  ~ °* 7 5

100 p i  o f  m o d if ie d  P o ly  O 's o l u t i o n  a t  pH 4 .1  show s 2 2 ,0 9 5  cpm.

1 .4 4 x l0 ~ ^  M _ 0 .9 1 x 1 0 "^  Ivl T o ta l  [ c y t i d i n e )  ^ ^ m o d if ie d

3 4 ,5 7 - cpm 2 2 , 0 9 5 cpm c y t i d i n e ) r e s i d u e s  i n  p o ly m e r

= 9 . 1  X 1 0 "^  M.

A lk a l in e  h y d r o ly s i s  to  n u c l e o t i d e  u n i t s :  24^ h y p o c h r o m ic i ty .

S i l i c a  G e l TLC r e v e a l s :  8 6 ^  u n m o d if ie d  c y t i d i n e ;  2;B 4-O H -am ino

c y t i d i n e  ; an d  12% 6 -h y d ro x y a m in o -5, 6 -d ih y d ro -4 -O H -am in o  c y t i d i n e .



T a b le  4% B in d in g  o f  D eo x y g u an o sin e  t o  C h e m ic a lly  M o d if ie d  P o lv  C 

m o d i f i c a t i o n  w i th  1 K i n  0 .1  M Na a c e t a t e  b u f f e r ,  pH 6 . 0

+ 1 . 0  ml'I MgClg a t  37*C f o r  12 h o u r s .

E q u i l ib r iu m  D i a l v s i s  D a ta  

c o n d i t i o n s :  a t  pH 4 .1  i n  0 .1  M Na a c e t a t e  b u f f e r  t  1 . 0  mM MgClg 

T o ta l  C c y tid in e ^  + Q n o d if ie d  c y t id in e ^  r e s i d u e s  i n  p o ly m er =

9 .1  X 1 0 "^  K.

86^  a r e  c y t i d i n e  o r  7 .8 2  x  10" ^  M 

Zfo a r e  4 -O H -a m in o c y tid in e  o r  0 .1 8  x  10” ^  M 

12^ a r e  6 -h y d ro x y a m in o -5 .6 -d ih y d ro -4 -0 H -a m in o c y t id in e  o r

1 .09  X 10~^  K.

^ ^ i “ '^2'50

0 . 2 6

f d G J  x lO ^  M 

2 .0 0

’̂ ® f-*250

0 . 1 3

[dG j x l O ^  M 

1 .0 0

[ d G jx lO ^  M 

0 .0 0

0 . 3 7 2 .8 4 0 .1 8 1 .4 2 0 .0 0

0 .6 0 4 .6 1 0 . 2 6 1 .9 6 0 . 6 9

0 . 7 9 6 .0 7 0 .3 3 2 . 5 3 1 .0 0

0 .8 7 6 .6 9 0 . 3 5 2 . 6 9 1 .3 1

1 .0 5 8 . 0 7 0 . 4 3 3 . 3 0 1 .4 7

1 .2 8 9 .8 4 0 .4 9 3 . 8 0 2 .2 3

3 .4 3 2 6 .5 3 1 .5 6 1 2 .0 0 2 .5 3

M ig r a t io n  C heck: M o d if ie d  F o ly  C :b u f f e r  Agyg = 0 .7 5  - 0 .0 0

cpm = 2 1 ,9 6 5  : 330
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i ’a b l e  4 8 . B in d in g  o f  D eo x y g u an o sin e  t o  C h e m ic a l ly  M o d if ie d  P o ly  C.

Com-QUter D a ta

m o d i f i c a t i o n  w i th  1 M a t  pH 6 .0  i n  0 .1  M Ka a c e t a t e  b u f f e r

+ 1 .0  eZ'I MgClg a t  37°C f o r  12 h o u r s .

E q u i l ib r iu m  d i a l y s i s  c a r r i e d  o u t  a t  pH 4 .1  i n  0 .1  K Na a c e t a t e  

b u f f e r  -r 1 .0  mî.1 M gCl^. M o d i f i c a t io n  o f  th e  p o ly m e r y i e l d e d :

12?a 6 -h y d ro x y a m in o -5 .6 -d ih y d ro -4 h y a ro x y a r r - in o c y tid in e ,  7*8 2 x 1 0 "^  M 

2fo 4 - h y d ro x ^ /a m in o c y tid in e , O .lB x lO ” ^  M 

86/3 u n m o d if ie d  c y t i d i n e ,  7*82x10” ^  M

m 3

1 2 . 5 7 x 1 0 " ' ^  M

2  2 . 5 9 x 1 0 " ^  IV. 
* *  3  2 . 5 1 x 1 0 " ' ^  M

4  2 . 4 0 x 1 0 " ^  M

5  2 . 2 9 x 1 0 " ^  M

- 1

1347

1 5 7 8

I 803

2 0 0 2

2 1 3 1

PlvISD

3 .5 8 x 1 0 "^

2 . 0 3 x 1 0 " - ^

1 . 7 7 x 1 0 " "

2 . 2 2 x 1 0 " ^

2 . 7 2 x 1 0 " ^

* *  b e s t  v a l u e  o f  n  b a s e d o n  l o w e s t  R5/S 3 .

f o r  n = 3

e x p  X 1 0 ^  K c a l c  X 1 0 ^  M dOyCM?

0 . 0 0 0 . 0 5 0 . 0 0 0

0 . 0 0 0 . 1 7 0 . 0 0 0

0 . 6 9 0 . 4 8 0 . 0 8 8

1 . 0 0 1 . 0 0 0 .1 2 7

1 .3 1 1 . 1 7 0 . 1 6 7

1 . 4 ? 1 . 7 5 0 . 1 8 7

2 . 2 3 2 . 1 1 0 . 2 8 5

2 . 5 3 2 .5 1 0 . 3 2 3
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Figure 59. Binding Isotherm for Deoxyguanosine;îiodified Poly C

m o d i f i c a t i o n  w i th  11;% NH^OK a t  pK 6 .0  i n  0 .1  M Na a c e t a t e  b u f f e r  

+ 1 .0  mA MgClg a t  37**C f o r  12 h o u r s .

t o t a l  (^cytosine} i n  m o d if ie d  P o ly  C = 9 .1  x  10” ^  K 

86% u n m o d if ie d  c y to s in e  r e s i d u e s  o r  7 .8 2 x 1 0  "" K 

12% 6 -h y d ro x y a m in o -5 .6 -d ih y d ro -^ -O H -a m in o c y tid in e ,  1 .0 9 x 1 0 “ '^ K 

2% 4 -O H -a m in o c y tid in e  o r  0 .1 8 x 1 0 “^  K .

0 .52.5

2.0

0.3

1 .0 - 0.2

0.5 0 .1

X
1 3 5 7 119 1 3 5 7 119

|d G ^  x lO ^  M (d G ^ x lO ^  K
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T ab le  4 ° . B in d in g  o f  A denosine  to  C h e m ica lly  M o d ified  P o ly  C.

m o d i f i c a t i o n  w i th  1 K NK^OH i n  0 .1  M Na a c e t a t e  b u f f e r ,  pH 6 .0  

+ 1 .0  K gClg a t  37*C f o r  12 h o u r s .

E q u i l ib r iu m  D i a l y s i s  D a ta

c o n d it io n s :  a t  pH 4 .1  in  0 .1  11 Na a c e t a t e  b u f f e r  + 1 .0  mlvl MgCl^ 

T o ta l C c y t id in e ]  + [m o d if ie d  c y t id in e j  r e s id u e s  in  po lym er =

9 .1  X 10” ^  M 

86^  a r e  c y t i d i n e  o r  7 .8 2 x 1 0 " ^  11 

Zfo a r e  4 - 0 H -a m in o c y t id in e  o r  0 .1 8 x 1 0 “ ^  K 

12^ a r e  6 -h y d ro x y a m in o -6 , 6 -d ih y d r o - 4 -0 H - a m in o c y t id in e  o r  

1 .0 9 x l0 ~ ^

^ i" ^ 2 5 7

0 .4 2

x lO ^  M

2 . 9 5

A^,-A257

0 .23

[A ^ }x lO ^  %

1 . 4 7

C -b îx lO ^  K 

0 .0 0

0 .6 7 4 . 7 1 0 . 3 3 2 . 3 2 0 . 0 6

0 .8 6 6 . 0 5 0 . 4 3 3 . 0 2 0 .0 0

1 . 3 4 9 . 4 3 0 . 6 7 4 . 7 1 0 .0 0

2 . 5s 1 8 .1 6 1 .2 9 9 . 0 8 0 .0 0

3 . 8 0 2 6 .7 6 1 .9 0 1 3 .3 8 0 .0 0

5 . 6 0 3 9 . 4 3 2 .7 9 1 9 .6 4 0 . 1 5

6 .9 5 4 8 .9 7 3 .4 8 2 4 .5 0 0 .0 0

8 .2 2 5 7 .8 8 4 .1 2 2 9 .0 1 0 .0 0

-1 8 3 “



M o d if ic a t io n  o f  P o ly  C ü i t h  H vdroxylam ine a t  p H 6 .0 .

I n i t i a l  ^ K -? o ly  C i n  0 .1  M Na a c e t a t e  b u f f e r  a t  pH 6 .0 .

/iiaax = 267mn ^ 267  "  0*97 [P o ly  c )  = 1 .4 4  x  10"^ M

100 p i  o f  P o ly  C s o l u t i o n  shows 35»837cpm

M o d if i c a t io n  w i th  1 M NHgOK a t  pH 6 .0  i n  0 .1  M Na a c e t a t e  b u f f e r  

+ 1 .0  irM MgClg a t  3 7 °C f o r  2^  h o u r s .

S en h ad ex  G -25 G el F i l t r a t i o n

F r a c t io n  #  (9  m l) —267 cum f o r  100 u l

1 -1 6  0 . 0 0

17 0 . 0 5  ■ 3241

18 0 . 1 5  9731

19 0 . 0 5  3335

20-80  0 .0 0

F r a c t io n s  17 -19  com bined  and  c o n c e n t r a t e d  a s  d e s c r ib e d  i n  t e x t .

M o d if ie d  P o ly  C s o l u t i o n ;  /Im ax = 267nm

6 m l o f  m o d if ie d  P o ly  C d i a ly z e d  a g a i n s t  0 .1  M Na a c e t a t e  b u f f e r  

a t  pH 4 .1  + 1 . 0  mM M gCl^. A f t e r  d i a l y s i s :  /im ax = 272nm, ^ 2 7 2  "  0*43

100 p i  o f  m o d if ie d  P o ly  C s o l u t i o n  a t  pH 4 .1  show s 20 ,29Scpm .

1 .4 4 x lO "3  M _ 8 .1 5 x 1 0 " ^  M
35f837cpm  20,298cpm

T o ta l  C c y t id in e ]  + [m o d if ie d  c y t i d i n e )  r e s i d u e s  i n  p o ly m er = 8 .1 5 x 1 0 " '^  !•

A lk a l in e  h y d r o ly s i s  to  n u c l e o t i d e  u n i t s .

S i l i c a  l e i  TLC r e v e a l s ;  u n m o d if ie d  c y t i d i n e ; 13/^ 4-O H -am ino

c y t i d i n e  ; and 35^ 6 -h y d ro x y a m in o -5 , 6 -d ih y d ro -4 -O H -a m in o c y tid in e .

—184—



Table 50. Binding of Deoxvguanosine to Cheïïiicallv Modified Folv C.

m o d i f i c a t i o n  w i th  1 M NK^OK a t  pK 6 . 0  i n  0 . 1  M Na a c e t a t e  b u f f e r

+ 1 .0  mî-î MgClg a t  37*C f o r  24 h o u r s .

E q u i l ib r iu m  D i a l v s i s  D a ta

c o n d i t i o n s :  a t  pH 4 .1  i n  0 .1  M Ka a c e t a t e  b u f f e r  + 1 .0  miVl iVigCl^.

T o ta l  ^ c y t id in e ]  + [ m o d if ie d  c y t id in e ^  r e s i d u e s  i n  p o ly m e r =

8 .1 6  X 10~^ 1.1

51% a r e  c y t i d i n e  o r  4 .1 5  x 1 0 %

13% a r e  4-O H -am ino c y t i d i n e  o r  I .0 5  x 10~^ M

35%  a r e  6 -h y d ro x y a m in o -5 ,6 -d ih y d ro -  4 -O H -a m in o c y tid in e  o r  
. . - 4

d " i-A 2 6 0

0 . 2 6

[dG .] x lO ^ M 

2 .0 0

(ïGf-A260

0 .1 3

[d G ^ x lO ^  M 

1 .0 0

[dG .^x lO ^  M 

0 .0 0

0 . 3 6 2 . 7 6 0 .1 8 1 .3 8 0 .0 0

0 .6 0 4 .6 1 0 .3 0 2 .3 0 0 .0 0

0 .6 9 5 . 3 0 0 .3 3 2 . 5 7 0 . 1 6

0 .8 5 6 .5 3 0 .4 2 3 . 2 6 0 .0 0

0 .9 7 7 .4 6 0 .4 ? 3 . 6 1 0 .2 4

1 .20 9 . 2 3 0 . 5 9 4 . 5 7 0 .0 8

2 .3 6 1 8 .1 5 1 .1 8 9 . 0 7 0 .0 0

3 .4 0 2 6 .1 5 1 .7 0 1 3 .0 7 0 .0 0
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T ab le  51* B in d in g  o f  A denosine  to  C h em ica lly  M o d ified  F o lv  C.

m o d i f i c a t i o n  w i th  1 L; NH^OH a t  pH 6 .0  i n  0 .1  K Na a c e t a t e  b u f f e r  

-r 1 .0  MgClg a t  37*0 f o r  24  h o u r s .

E q u i l ib r iu m  D i a l v s i s  D a ta  

c o n d i t i o n s :  a t  pH 4 .1  i n  0 .1  M Na a c e t a t e  b u f f e r  + 1 .0  mM MgGlg* 

T o ta l  [ c y t i d i n e ]  { m o d if ie d  c y t i d i n e ]  r e s i d u e s  i n  p o ly m e r  =

8 .1 5  X 1 0 "^  M.

51% a r e  c y t i d i n e  o r  4 .1 5  x  10 ^  K 

13ÿà a r e  4 -O H -a m in o c y tid in e  o r  1 .0 5  x - 410 M

55%  a r e  6 -h y d ro x y a m in o -5 , 6 -d ih y d ro -4 -0 H -a m in o c y t id in e  o r  

2 . 8 5  X 1 0 ~ ^  M

^ i" ^ 2 5 7

0 .4 3

[A .] x lO ^  M

3 . 0 2

^ f" ^ 2 5 7

0 .2 1

[A ^ x lO ^  K

1 .51

[A^3 x lO ^  K 

0 .0 0

0 .7 1 5 .0 0 0 . 3 5 2 .5 0 0 .0 0

0 .9 2 6 .4 7 0 .4 6 3 .2 3 0 .0 0

1 . 3 4 9 .4 3 0 . 6 7 4 ,7 1 0 .0 0

2 .6 8 1 8 .8 7 1 .3 3 9 . 3 6 0 . 0 6

3 .8 4 2 7 . 0 4 1 .8 9 13 .30 0 .4 4

5 .3 1 3 7 . 3 9 2 . 6 3 1 8 .5 2 0 . 3 5

6 .8 5 4 8 .2 3 3 .4 0 2 3 .9 4 0 . 3 5

8 .0 2 5 6 .4 7 3 . 9 7 27 .9 5 0 . 5 7
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CHAPT2R IV 

DISCUSSION AND CONCLUSIONS

A d i s c u s s io n  o f  th e  c h e m is t r y  o f  p o ly n u c le o t id e  m o d i f i c a 

t i o n  w i th  knovm m u ta g e n ic  a g e n ts  in v o lv e s  n o t  o n ly  th e  r e a c t i v i t y  

o f  th e  i n d i v i d u a l  b a s e s ,  b u t  a l s o  th e  r o l e  o f  s e c o n d a ry  s t r u c t u r e  

an d  c o n fo rm a tio n  o f  th e  p o ly m e r. The r e a c t i v i t y  o f  p a r t i c u l a r  

c h e m ic a l a g e n ts  w i th  th e  p o ly n u c le o t id e  d ep en d s  upon th e  e x t e n t  

o f  h y d ro g en  b o n d in g  i n t e r a c t i o n s  a s  w e l l  a s  b a s e - s t a c k i n g  i n t e r 

a c t i o n s .

The r e a g e n t s  we have u s e d  f o r  c h e m ic a l  m o d i f i c a t i o n  o f  P o ly  

C, n i t r o u s  a c id  an d  h y d ro x y la m in e , a r e  known t o  be m u ta g e n ic  i n  

a  num ber o f  b i o l o g i c a l  sy s te m s  a s  th e y  r e a c t  w i th  th e  c y to s in e  

n u c le u s  i n  p o l y n u c le o t id e s  to  p ro d u c e  C U o r  p seu d o  U ( i )  

t r a n s i t i o n s .  As a  m odel sy s te m  we h av e  u s e d  t h i s  h o m o p o ly n u c leo 

t i d e  (P o ly  C) s in c e  i t  h a s  b een  shown to  e x i s t  i n  b o th  s i n g l e -  

s t r a n d e d  and  d o u b le - s t r a n d e d  c o n fo rm a t io n s .  The e x te n s io n  o f  

e x p e r im e n ts  from  hom opolym er:m onom er co m p lex es  t o  c h e m ic a l ly  

m o d if ie d  hom opolym er:m onom er com plexes w ere  p e r fo rm e d  p r i m a r i l y  

to  e x p lo r e  th e  e f f e c t s  o f  m o d i f i c a t i o n  on th e  b in d in g  p r o p e r t i e s  

o f  d e o x y g u a n o s in e  an d  a d e n o s in e  w i th  m o d if ie d  P o ly  C.



R e a c tio n  o f  N i t r o u s  A cid  W ith P o ly  C

The r e a c t i o n  o f  P o ly  C w i th  NaNO^ was c a r r i e d  o u t  a t  pK 4 .1 .

A t t h i s  pH P o ly  C e x i s t s  p r i m a r i l y  i n  a  d u p le x  c o n fo rm a tio n  

s t a b i l i z e d  b o th  b y  h y d ro g e n  b o n d in g  an d  b a s e - s t a c k i n g  i n t e r a c t i o n s .  

A lth o u g h  th e  r e s u l t s  o f  th e  b in d in g  o f  d e o x y g u a n o s in e  w i th  u n 

m o d if ie d  P o ly  C, an d  o f  a d e n o s in e  w i th  P o ly  U show ed a  p r e f e r 

e n ce  f o r  a  2 :1  po ljrm er:m onom er s to i c h io m e t r y ,  we th o u g h t  t h a t  

m o d i f i c a t i o n  o f  c y t o s i n e  u n i t s  i n  P o ly  G w i th  n i t r o u s  a c i d  m ig h t 

e n c o u ra g e  th e  f o r m a t io n  o f  1 :1  co m p le x es  s in c e  th e  a d d i t i o n  o f  th e  

t h i r d  s t r a n d  t o  g iv e  2 :1  co m p lex es  w o u ld  be s t a t i s t i c a l l y  lo w .

H ow ever, th e  d a t a  show s t h a t  t h i s  i s  p r o b a b ly  n o t  t h e  c a s e .

I n  c o n t r o l  e x p e r im e n ts  ( P a r t  I I ) ,  t h e  i n t e r a c t i o n  o f  a d e n o 

s in e  w i th  P o ly  0 and  o f  d e o x y g u a n o s in e  w i th  P o ly  U show ed no 

s i g n i f i c a n t  b in d in g .  T h ese  r e s u l t s  c o n v in c in g ly  d e m o n s tr a te  

th e  h y d ro g e n  b o n d in g  s p e c i f i c i t y  o f  t h e  po lym er:m onom er i n t e r 

a c t i o n s .

The m o d i f i c a t i o n  o f  P o ly  C w i th  n i t r o u s  a c i d  e s s e n t i a l l y  

a c t s  t o  c o n v e r t  t h e  P o ly  C from  a  hom opolym er t o  a  P o ly  C,U c o 

p o ly m e r . I n  t h e  c o u r s e  o f  t h i s  r e a c t i o n  th e  s e c o n d a ry  s t r u c t u r e  

o f  th e  p o l y n u c l e o t i d e  i s  a l t e r e d  s in c e  h y d ro g en  b o n d in g  b e tw een  

c y to s in e  r e s i d u e s  i n  th e  d o u b le  h e l i x  a r e  d i s t u r b e d  a s  u r a c i l  r e s i d u e s  

e m erg e . I n  a d d i t i o n ,  b a s e - s t a c k i n g  i n t e r a c t i o n s  a r e  r e d u c e d  

s in c e  u r a c i l - u r a c i l  an d  u r a c i l - c y t o s i n e  s t a c k in g  e n e r g i e s  a r e  

lo w e r  th a n  c y t o s i n e - c y t o s i n e  b a s e - s t a c k i n g  e n e r g i e s .  The g e n e r a l  

b reakdow n  i n  th e  s e c o n d a ry  s t r u c t u r e  o f  th e  p o ly n u c le o t id e  i s  

e v id e n c e d  by  th e  d e c r e a s e d  h y p o c h ro m ic i ty  upon HNOg m o d i f i c a t i o n .
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The i n t e r a c t i o n  o f  d e o x y g u a n o s in e  w i th  n i t r o u s  a c id - m o d if ie d  

P o ly  C, a s  e v a lu a te d  by  e q u i l i b r iu m  d i a l y s i s  d i a l y s i s  e x p e r im e n ts ,  

show t h a t  b in d in g  o f  d e o x y g u a n o s in e  w as s i g n i f i c a n t  w i th  15/̂  

m o d i f i c a t i o n  o f  P o ly  C ( sh o w in g  0 .4 1  m o le c u le s  o f  dG^CMP a t  

s a t u r a t i o n ) .  L'Jith 25/5 m o d i f i c a t i o n ,  th e  b in d in g  o f  th e  n u c le o 

s id e  t o  t h e  m o d if ie d  p o ly m e r  d e c r e a s e d  to  0 .2 1  m o le c u le s  o f  

dG.^CMP. W ith  93^ m o d i f i c a t i o n ,  no  s i g n i f i c a n t  b in d in g  o f  dG 

to  t h e  p o ly m er w as o b s e rv e d .

The c o o p e r a t iv e  n a t u r e  o f  th e  b in d in g  o f  dG t o  th e  m o d if ie d  

p o ly n u c le o t id e  re m a in e d  q u i t e  a p p a r e n t  i n  e a c h  s y s te m , a l th o u g h  

a  h ig h e r  c o n c e n t r a t i o n  o f  f r e e  monomer w as n e c e s s a r y  f o r  i n i t i a t i o n  

o f  s t a b l e  com plex f o rm a t io n ,  a s  com pared  to  th e  u n m o d if ie d  P o ly  C: 

dG s y s te m . Upon o b s e r v a t io n  o f  t h e  c o n c e n t r a t i o n  o f  dC-  ̂ a t  

b in d in g  s a t u r a t i o n  ( a l l  b e in g  l e s s  th a n  0 .4 1  m dG^CMP), v;e f e e l  

t h a t  t h e  C+dG+C t r i p l e x  i s  p r o b a b ly  th e  p re d o m in a n t com plex  

s p e c i e s  p r e s e n t .  Due to  t h e  n e c e s s i t y  ( i n  th e  u n m o d if ie d  P o ly  C; 

dG sy s te m ) f o r  a  h ig h e r  f r e e  monomer c o n c e n t r a t i o n  f o r  1 :1  com

p le x  f o rm a t io n ,  th e  p r o b a b i l i t y  o f  t h e s e  co m p lex es  w ould  p r o 

b a b ly  be e v id e n t  i n  a  tw o -p h a se  s ig m o id a l  c u r v e .  T h is  w as n o t  

o b s e rv e d .

The b in d in g  o f  a d e n o s in e  to  c h e m ic a l ly  m o d if ie d  P o ly  C was 

n o t  a s  a p p r e c i a b l e  a s  t h a t  fo u n d  i n  d e o x y g u a n o s in e  b in d in g .  No 

s i g n i f i c a n t  b in d in g  o f  a d e n o s in e  was o b s e r /e d  upon  155» m o d i f i 

c a t i o n  an d  v e r y  l i t t l e  b in d in g  upon  25;» m o d i f i c a t i o n .  W ith  55r> 

m o d i f i c a t i o n ,  0 .1 3  m o le c u le s  o f  a d e n o s in e  w ere  fo u n d  to  b in d  p e r  

UIv'P an d  w i th  93)5 m o d i f i c a t i o n ,  th e  b in d in g  d a t a  showed 0 .4 1  A^UrT? 

a t  s a t u r a t i o n .  A g r e a t e r  f r e e  monomer c o n c e n t r a t i o n  w as r e q u i r e d
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t o  i n i t i a t e  s t a b l e  com plex f o rm a t io n ,  s i m i l a r  t o  th e  f i n d i n g s  

i n  th e  m o d if ie d  P o ly  C:dG s y s te m . ‘The c o o p e r a t iv e - ty p e  s ig m o id a l  

b in d in g  c u rv e s  v /ere  a g a in  a p p a r e n t  i n  t h e s e  s y s te m s .

The r e s u l t s  o f  th e s e  e x p e r im e n ts  d e m o n s tra te  t h a t  s t a b l e  

co m p lex es  can  b e  fo rm ed betvveen P o ly  C,U co p o ly m ers  ( a s  p r o 

d u ced  th ro u g h  NaKC^ m o d i f i c a t i o n  o f  P o ly  C) an d  t h e i r  co m p le

m e n ta ry  monomer n u c l e o s id e s  (d e o x y g u a n o s in e  an d  a d e n o s in e )  u n d e r  

s u i t a b l e  c o n d i t i o n s .  I t  i s  c l e a r  t h a t  th e  com p lex es  do n o t  

a p p ro a c h  a  1 :1  po lym er:m onom er s to ic h io m e t r y ,  a l th o u g h  s e c t i o n s  

o f  1 :1  co m p lex es  may be p r e s e n t .  I n s t e a d ,  t h e  i n d i v i d u a l  n u c le o 

s i d e s  a p p e a r  to  com plex  from  0 .1  t o  0.4- o f  a  m o le c u le  o f  i t s  

co m p lem en ta ry  b a s e ,  s u g g e s t in g  th e  p r o b a b i l i t y  o f  2 :1  p o ly m e r; 

monomer co m p lex es  a s  th e  p r i n c i p a l  com plex s p e c i e s .  A ssum ing 

random  s e q u e n c e s  o f  C an d  ü  i n  th e  m o d if ie d  p o ly m e r, a  p o s s i b l e  

s t r u c t u r e  f o r  t h e s e  com plexes m ig h t in v o lv e  r e g io n s  o f  2 :1  

C+dG-t-C o r  U+A+U co m p lex es , an d  r e g io n s  o f  n o n -c o m p le m e n ta r i ty  

w here " lo o p e d -o u t"  r e g io n s  m ig h t c o n ta in  1 :1  co m p lex es .

R e a c t io n  o f  P o lv  C ü i t h  H vdroxy lam ine

The r e a c t i o n  o f  P o ly  C w i th  h y d ro x y la m in e  was i n i t i a l l y  

c a r r i e d  o u t  a t  pK h . i .  I t  was fo u n d  t h a t  a f t e r  2^ h o u rs  a t  37*C, 

u s in g  1 M KKgCK, th e  r e a c t i o n  y i e ld e d  o n ly  3% m o d i f i c a t io n  o f  

t h e  c y to s in e  r e s i d u e s .  The 3^ m o d i f i c a t i o n  p r o d u c ts  w ere  a l l  

4 -O H -a m in o c y tid in e . Due to  t h i s  e x tr e m e ly  s lo w  r e a c t i o n  i t  

w as d e c id e d  t o  p e r fo rm  th e  r e a c t i o n  a t  pH 6 . 0 ,  s in c e  a t  t h i s  pH 

P o ly  C e x i s t s  p r i m a r i l y  i n  a  s i n g l e - s t r a n d e d  c o n fo rm a tio n  ( s t a b i l
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i z e d  p r i m a r i l y  'oy c y to s in e  b a s e - s t a c k i n g  i n t e r a c t i o n s ) .  The 

p o ly n u c le o t id e  i n  t h i s  s i n g l e - s t r a n d e d  c o n fo rm a tio n  was th o u g h t  

t o  be  m ore s u s c e p t i b l e  t o  c h e m ic a l  a t t a c k  by  Nli^CK, a s  w as 

fo u n d  t o  be  th e  c a s e .

A t pH 6 . 0 ,  h y d ro x y la m in e  a c t i o n  on P o ly  C w as fo u n d  to  r e 

s u l t  i n  th e  f o rm a t io n  o f  t h e  b i s - p r o d u c t  (6 -h y d ro x y a m in o -5 f6 - 

d ih y d ro .r4 -0 H -a m in o c y tid in e  ) a s  th e  p re d o m in a n t r e a c t i o n  p r o d u c t .

The a c c e s s i b i l i t y  o f  c h e m ic a l  a t t a c k  o f  KK^OK on c y to s in e  a t  t h e  

5 ,6  d o u b le  bond i s  a p p a r e n t ly  a  c h a r a c t e r i s t i c  o f  th e  c y to s in e  

r e s i d u e s  i n  P o ly  C a t  pH 6 .0  w h ich  i s  n o t  common to  c y to s in e  

r e s i d u e s  i n  P o ly  C a t  pH 4 . 1 .  The a d d i t i o n  r e a c t i o n  i s  r a p i d l y  

fo llo w e d  by  th e  d is p la c e m e n t  r e a c t i o n  a t  C4 t o  g iv e  th e  b i s - p r o d u c t .  

The m o n o - s u b s t i tu t io n  p r o d u c t ,  4 -O H -a m in o c y tid in e , was a l s o  found  

to  be a  p r o d u c t  o f  th e  r e a c t i o n ,  b u t  i t  w as fo rm ed  a t  a  s u b 

s t a n t i a l l y  lo w e r  f r e q u e n c y .

T re a tm e n t o f  P o ly  C w i th  hHgOH a t  pH 6 .0  f o r  3 -2 4  h o u rs  

r e s u l t e d  i n  7-495^ m o d i f i c a t i o n ,  6 -3 5 ^  b e in g  a c c o u n te d  f o r  b y  th e  

f o rm a t io n  o f  th e  b i s - p r o d u c t .  T hus, u n d e r  t h e s e  c o n d i t i o n s ,  t h e  

f o rm a tio n  o f  th e  b i s - p r o d u c t  d o m in a te d  o v e r  th e  fo rm a t io n  o f  th e  

m o n o -p ro d u c t b y  a  f a c t o r  o f  a p p r o x im a te ly  5*

The fo rm a tio n  o f  th e  b i s - p r o d u c t  d e s t r o y s  th e  a r o m a t i c i t y  o f  

t h e  c y to s in e  r e s i d u e s  an d  th e r e b y  d e c r e a s e s  o r  e l i m i n a t e s  c y to 

s in e  b a s e - s t a c k i n g  i n  l o c a l i z e d  r e g io n s  i n  th e  pol^m ier. T h is  a c t s  

t o  s i g n i f i c a n t l y  b reak -d o w n  th e  s e c o n d a ry  s t r u c t u r e  a s  b a s e -  

s t a c k in g  i n t e r a c t i o n s  a r e  r e d u c e d  an d  h y d ro g e n  b o n d in g  i n t e r a c t i o n s  

a r e  i n t e r r u p t e d .  The d e c r e a s e  i n  f u n c t i o n a l  a c t i v i t y  o f  th e  homo

p o ly m er (P o ly  C) i s  ap p a ren tly /-  th e  s e c o n d a ry  r e s u l t ,  a s  i n c r e a s e d
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m o d if ic a t io n  proved to  e lim in a te  th e  b in d in g  o f  deoxyguanosine  

to  th e  m o d ified  polym er.

4-O H -sm inocytid ine i s  su g g ested  to  be th e  m u ta tio n a l s p e c ie s  

r e sp o n s ib le  fo r  C —»  pseudo U ( ï )  t r a n s i t io n  m u ta tion s in  l i v i n g  

sy stem s, s in c e  t h i s  product d is p la y s  th e  b in d in g  p r o p e r t ie s  o f  

u r id in e . The form ation  o f  t h i s  product probab ly  does n o t  a l t e r  

base s ta c k in g  in t e r a c t io n s  s i g n i f i c a n t ly ,  but does oause hydro

gen bonding in te r a c t io n  a l t e r a t io n s .

E quilib rium  d ia ly s i s  measurements o f  KH^OK-modified P o ly  C 

Vw'ith deoxyguanosine and aden osin e  were perform ed a t  pH 4 . 1 .

T h e -r e s u lts  o f  th e se  experim ents are n o t  e a s i l y  ex p la in ed  due to  

th e  com p lex ity  o f  ev en ts  a f f e c t in g  th e  secondary and t e r t ia r y  

s tr u c tu r e  o f  th e  p o ly n u c le o t id e . The r e s u l t s  g e n e r a lly  show 

a d eorease  and ev en tu a l f a i lu r e  o f  deoxyguanosine b in d in g  to  

P o ly  C a s  m o d if ic a t io n  w ith  NHgO# in c r e a se d , ivith  7% m o d if ic a t io n  

{6fa b is -p r o d u c t)  0 .4  m o lecu les  o f  dG were found to  bind p er  CKP, 

w h ile  w ith  49>c m o d if ic a t io n  (35/'= b is -p r o d u c t)  no s ig n i f i c a n t  

b in d in g  o f  deoxyguanosine to  th e  m od ified  polym er was observed .

A denosine was found to  bind to  a sm all degree w ith  49/* mod

i f i c a t i o n  ( 13;* 4-O H -am in ocytid in e). T his f in d in g  su g g e s ts  th a t  

th e  p resen ce  o f  th e  m ono-product may c o n tr ib u te  to  o r  be resp on 

s i b l e  fo r  the b in d in g  o f  th e  n u c le o s id e .

Chese experim ents seem to  support th e  c o n ten tio n  th a t  b i s -  

product form ation le a d s  to  in a c t iv a t io n  o f  th e  g e n e t ic  m a te r ia l  

by d e str o y in g  secondary s tr u c tu r e  and th ereb y  in te r r u p t in g  base  

s ta c k in g  and hydrogen bond form ation . In  a d d it io n , th e  data  

su g g e s ts  th a t  th e  p resen ce  o f  4 -O H -am inocytid ine encourages the
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b in d in g  o f  a d e n o s in e  r e s i d u e s .  The c o m p le x i ty  o f  t h i s  sy s te m  w ar- 

r e n t  s  f u r t h e r  i n v e s t i g a t i o n  so  t h a t  a d d i t i o n a l  in f o r m a t io n  can  

be  o b ta in e d  f o r  a  b e t t e r  e x o la n a t io n  o f  t h e  C o m d e x e s  fo rm ed .
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