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AFFINTY ELECTROPHORESIS FOR THE SEPARATION OF O L I G O -  A N D  
POLYNUCLEOTIDES 

Gabor L. I g l o i *  and Hans Kosse l  ' 

I n s t i t u t  fur B i o l o g i e  I11 d e r  U n i v e r s i t a t  F r e i b u r g  
S c h a n z l e s t r .  1 ,  D-7800 F r e i b u r g ,  Fed. Rep. Germany 

ABSTRACT. A f f i n t y  e l e c t r o p h o r e t i c  p r o c e d u r e s  f o r  t h e  f r a c t i o n a t i o n  of 
f r e e  r i b o s e -  o r  s u l p h u r - c o n t a i n i n g  n u c l e i c  a c i d s  a r e  p r e s e n t e d .  

I N T R O D U C T I O N  

The c h e m i c a l  a t t r a c t i o n  between two m o l e c u l e s  is t h e  b a s i c  p r i n -  

c i p l e  encompass ing  t h e  f i e l d  of s o - c a l l e d  a f f i n i t y  t e c h n i q u e s .  I t  is t h e  

chemica l  i n t e r a c t i o n  between t h e  p a r t n e r s  which, i n  c o n t r a s t  t o  p h y s i c a l  

f o r c e s  of, f o r  example,  c o u n t e r  i o n s ,  b r i n g s  a b o u t  t h e  s p e c i f i c i t y  which 

h a s  been e x p l o i t e d  i n  a l l  a r e a s  of " b i o - s p e c i f i c "  s e p a r a t i o n s .  Whereas 

t h e  p r i n c i p l e  may be u n i v e r s a l ,  t h e  methods which have  been d e v i s e d  i n  

o r d e r  t o  b r i n g  t h e  i n t e r a c t i n g  p a r t n e r s  i n t o  mutual  p r o x i m i t y  r e f l e c t  

b o t h  t h e  n a t u r e  of t h e  m o l e c u l e s  and t h e  n a t u r e  of t h e  s u b s e q u e n t  a n a l y -  

t i c a l  s t e p s .  F o r  example, i n  t h e  S o u t h e r n  h y b r i d i z a t i o n  p r o c e d u r e ,  a 

u s u a l l y  h i g h  Hr DNA f ragment ,  bound p h y s i c a l l y  t o  a membrane, is allowed 

t o  i n t e r a c t ,  by d i f f u s i o n ,  w i t h  a DNA f r a g m e n t  of complementary 

sequence .  One would, i n  t h i s  c a s e ,  n o t  c o n s i d e r  l i n k i n g  o n e  of t h e  two 

i n t e r a c t i n g  p a r t n e r s  t o  a column and b r i n g i n g  a b o u t  a n  a f f i n i t y  r e c o g n i -  

t i o n  by u s i n g  hydrodynamic p r e s s u r e  a s  t h e  d r i v i n g  f o r c e .  F o r  s u c h  expe-  

r i m e n t s ,  t h e  u s e  of membranes and d i f f u s i o n  o f f e r  a much f a s t e r  and more 

c o n v e n i e n t  r o u t e  t o  s p e c i f i c  i n t e r a c t i o n s .  Yet, f o r  o t h e r  p u r p o s e s  t h e  

p a s s a g e  of n u c l e i c  a c i d s  t h r o u g h  a column c o n t a i n i n g  a c o v a l e n t l y  bound 

complementary n u c l e i c  a c i d  has ,  u n t i l  r e c e n t l y ,  been t h e  method of 

c h o i c e .  I n  t h i s  c a s e ,  i t  i s  h a s  been t h e  s e l e c t i o n  of p o l y ( A ) - c o n t a i n i n g  

m R N A s  by p a s s a g e  o v e r  a poly(U1 o r  p o l y ( d T )  column. 

Although columns (hydrodynamic  p r e s s u r e )  and membranes ( d i f f u s i o n )  

form t h e  c a r r i e r s  of t h e  b u l k  of a f f i n i t y  methods, a t h i r d  m a t r i x ,  po ly-  

a c r y l a m i d e  g e l  ( e l e c t r i c  f i e l d ) ,  h a s  a l s o  been d e m o n s t r a t e d  a s  b e i n g  a 
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6 40 IGLOI AND KOSSEL 

u s e f u l  "matchmaker"  i n  t h e  t e c h n i q u e  of a f f i n i t y  e l e c t r o p h o r e s i s .  T h i s  

p r o c e d u r e  h a s  b e e n  a n  e s t a b l i s h e d  t o o l  i n  i m m u n o e l e c t r o p h o r e s i s  f o r  many 

years  and  t h e  n a t u r e  o f  a number o f  e n z y m e - s u b s t r a t e  o r  l e c t i n - s u g a r  

c o m p l e x e s  h a s  b e e n  examined ' .  However, a s  u a s  t h e  u s e  o f  membranes till 

r e c e n t l y  a p r e s e r v e  o f  n u c l e i c  a c i d s ,  so u a s  a f f i n i t y  e l e c t r o p h o r e s i s  

f i r m l y  i n  t h e  domain  o f  p r o t e i n s .  

R e ~ e n t l y ~ - ~ ,  we h a v e  d e m o n s t r a t e d  t h a t  t h e  c o v a l e n t  i n c o r p o r a t i o n  of 

small m o l e c u l e s ,  known t o  i n t e r a c t  s p e c i f i c a l l y  w i t h  c e r t a i n  s t r u c t u r a l  

e l e m e n t s  i n  n u c l e i c  a c i d s ,  c a n  l e a d  t o  t h e  f r a c t i o n a t i o n  o f  n u c l e i c  a c i d  

s p e c i e s  n o t  s e p a r a b l e  by o t h e r  me thods .  Our i n i t i a l  i n v e s t i g a t i o n s  i n v o l -  

ved t h e  i n t e r a c t i o n  o f  a b o r o n i c  a c i d  w i t h  d i o l  f u n c t i o n s  p r e s e n t  a s  

s u c h ,  o r  a d d e d  s u b s e q u e n t l y ,  i n  a v a r i e t y  o f  n u c l e i c  a c i d s .  C l e a r l y ,  t h i s  

i s  n o t  t h e  o n l y  p o s s i b l e  b i n d i n g  phenomenon which  c a n  b e  e x p l o i t e d .  

E x p e r i e n c e  i n  t h e  f i e l d  o f  a f f i n i t y  c h r o m a t o g r a p h y  o f  p r o t e i n s  a n d  s o l u -  

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

e x i s t s  b e t w e e n  a n  o r g a n o m e r c u r i a l  and  s u l p h u r - c o n t a i n i n g  m a c r o m o l e c u l e s .  

The r e su l t s  summar ized  i n  t h i s  c o m m u n i c a t i o n  a r e  i n t e n d e d  t o  demon- 

s t r a t e  t h e  a p p l i c a t i o n  of a f f i n i t y  e l e c t r o p h o r e s i s  t o  t h e  f i e l d  o f  

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

n a t e  and m e r c u r i a l  matrices f o r  t h e  a n a l y s i s  o f  s p e c i f i c  s t r u c t u r a l  

m o t i f s .  

RESULTS S DISCUSSION 

C o p o l y m e r i z a t i o n  o f  u n d e r i v a t i z e d  a c r y l a m i d e ,  b i s a c r y l a m i d e  and  

acryloylaminophenylboronic a c i d  ( A P B )  o r  acryloylaminophenylmercuric 

c h l o r i d e  ( A P H )  l e a d s  t o  gel  matr ices  s u i t a b l e  f o r  a f f i n i t y  e l e c t r o p h o r e -  

t i c  r e t a r d a t i o n  of n u c l e i c  a c i d s  b e a r i n g  i n t a c t  c i s - d i o l  ( e .  g. r i bose )  

o r  s u l p h u r - c o n t a i n i n g  s p e c i e s  ( e. g.  p h o s p h o r o t h i o a t e s ,  m o d i f i e d  b a s e s ) .  

Anglysia of ferr~lngl ribose c c g j d y p s . T h e  p r e s e n c e ,  a b s e n c e  o r  

b l o c k a g e  o f  a free r ibose m o i e t y  l e n d s  i t s e l f  t o  a n a l y s i s  by a f f i n i t y  

e l e c t r o p h o r e s i s  on b o r o n a t e  g e l s ,  a s  summar ized  i n  TABLE I f o r  R N A .  

dga&ynis of ny&ehgr:csgtgigigg g u n l e i n  acids. The  s t r o n g  a f f i n i t y  o f  

mercurials f o r  t h i o l  compounds and  t h e  w i d e  r a n g e  of c h e m i c a l  e n v i r o n -  

m e n t s  i n  u h i c h  t h e  s u l p h u r  atom may o c c u r ,  s u g g e s t e d  t o  us t h e  p o s s i b i l i -  

t y  o f  f r a c t i o n a t i n g  s u l p h u r - c o n t a i n i n g  n u c l e i c  a c i d s  by a f f i n i t y  electro- 

p h o r e s i s  n o t  o n l y  o n  t h e  c r i t e r i o n  of p r e s e n c e  v e r s u s  absence o f  s u l p h u r ,  
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Table I. Application of APB-Gels to the Termini of RNA 

3 '  

Terminal structure Free ribose 

occurrence 

Specific test in 

conjunction with 

affinity electro- 

phoresis 

Mobility shift 

""" no OH 

Mature WAS; 

tRNAs 

Sensitive to 

I04 

V 

5 '  

Phosphate Monophosphate Di-/Trlphosphate Cap-like 

RNase degrada- RNase degrada- Primary tran- Eukaryotic 

tion products; tion products; scripts mRNAS 

Processing in- Processing in- 

termediates termediates; 

Mature W A S  

Sensitive to Adenylation Guanylation with Sensitive to 

r-ase with RNA li- guanylyltrans- 10~- 

gaser shift ferase; shift 

eliminated by eliminated by 
- - 

104 1 0 4  

A A A V 

Table 11. 

Interaction between phosphorothioate substituted nuclelc aclds 

and Hg(I1). 

Interaction constants ( p M ) .  where measured, are given in 

parentheses. A l l  gels were run in the presence of 7 M urea. n d ,  

not determined 

ssONA dsONA R N A  

S'Phospharothioate monoester 

rnonophosphorothioate strong ( 0 . E )  strong strong (0.3) 

t r 1 phosphor o -y - t h 1 oat e n d nd strong ( t O . 1 )  

3'Phosphorothioate rnonoester 

rnonophosphorothioate n d  nd strong 

Phosphorothioate diester no detectable interaction 
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642 I G L O I  AND KOSSEL 

FIG. 1 
A component of bulk chloroplast tRNl from maize i s  retarded 
by a f f i n i t y  eleCtrOphOrESiS i n  an organomercurial gel (Am) 

Total chloroplast tRNA was 3'-terminally labsl led u i t h  .'P ATP 
by the exchangs rsaction catalyzed by a nucleotidyl transferase 

act iv i ty  i n  a hanologous extract. The material was applied to  a 

1oX polyacrylanide, 7 Y urea twdimsnsional  ge l ,  containing 
Am i n  ths sscond dimension. 

b u t  a l s o  a s  a f u n c t i o n  of t h e  c h e m i c a l  r e a c t i v i t y  o f  t h e s e  s u l p h u r  

s u b s t i t u t i o n s .  The e f f e c t  o f  t h e  e n v i r o n m e n t  o f  t h e  i n t e r a c t i n g  f u n c t i o -  

n a l  g r o u p  on t h e  f r a c t i o n a t i o n  on a n  o r g a n o m e r c u r i a l  a f f i n i t y  gel  i s  

e x e m p l i f i e d  i n  TABLE I1 f o r  a series o f  p h o s p h o r o t h i o a t e  m o d i f i e d  n u c l e i c  

a c i d s .  Q u a n t i f i c a t i o n  of t h e  s t r e n g t h  o f  t h e  i n t e r a c t i o n  a s  well as 

v i s u a l  i n s p e c t i o n  o f  t h e  r e t a r d a t i o n ,  c l e a r l y  i n d i c a t e s  t h a t  w h i l e  phos -  

p h o r o t h i o a t e  m o n o e s t e r s  a r e  s t r o n g l y  bound, p h o s p h o r o t h i o a t e  d i e s t e r s  

show no a f f i n i t y  f o r  t h e  g e l .  

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

c o n c e r n e d ,  4-  or 2 - t h i o u r i d i n e  and  t h e i r  d e r i v a t i v e s ,  f o r  example ,  a r e  

w i d e s p r e a d  i n  p r o k a r y o t i c  t R N A s .  They o c c u r  less f r e q u e n t l y  i n  o t h e r  

o r g a n i s m s ,  b u t  may be d e t e c t e d  i n ,  f o r  example ,  c h l o r o p l a s t  t R N A s  b y  t h e  

r e t a r d a t i o n  o f  a t R N A  componen t  i n  a t w o - d i m e n s i o n a l  e l e c t r o p h o r e s i s  

s y s t e m ,  c o n t a i n i n g  an i m m o b i l i z e d  m e r c u r i a l  i n  the s e c o n d  d i m e n s i o n  

(F IG.  1). 

CONCLUSIONS 

A f f i n i t y  e l e c t r o p h o r e s i s  has b e e n  d e m o n s t r a t e d  t o  b e  a p p l i c a b l e  

t o  t h e  a n a l y s i s  o f  s p e c i f i c  s t r u c t u r a l  f e a t u r e s  of n u c l e i c  a c i d s .  A s  

a c o r o l l a r y ,  enzymes i n v o l v e d  i n  the f o r m a t i o n  of these s t r u c t u r e s  may 

a l s o  b e  a s s a y e d  by t h i s  me thod .  
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