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NUCLEOSIDES & NUCLEOTIDES, 6 ( 1 & 2 ) ,  349-352  (1987) 

SYNTHESIS OF OLIGODEOXYRIBONUCLEOTIDES CONTAINING AN ALIPHATIC 
AMINO LINKER ARM AT SELECTED ADENINE BASES AND DERIVATIZATION 

WITH BIOTIN 

Jean-Paul Roduit, J e f f r e y  Shaw, Angelika Chol le t  and Andre Chollet*,  
Biogen S.A., 3 r o u t e  de Troinex, CH-1227 Carouge - Geneva, Switzer land 

Abstract .  The chemical synthes is  and c h a r a c t e r i z a t i o n  of 
oligodeoxyribonucleotides with a " l i n k e r  arm" a t tached  t o  t h e  8-posi t ion 
of some adenine bases are presented. Der iva t iza t ion  with b i o t i n  is 
described and eva lua t ion  of these modified DNA fragments a s  non- 
rad ioac t ive  hybr id iza t ion  probes is b r i e f l y  discussed. 

Introduct ion.  Nucleic ac id  probe hybr id iza t ion  is a powerful t o o l  f o r  

t h e  de tec t ion ,  i d e n t i f i c a t i o n  and p o t e n t i a l l y  t h e  i s o l a t i o n  of s p e c i f i c  

nucleot ide sequences. Recently, a great d e a l  of e f f o r t  has been devoted 

t o  develop methods for t h e  replacement of rad ioac t ive  l a b e l s  on DNA 

probes with stable and s a f e  non-radioactive r e p o r t e r  groups such as  

b i o t i n  or f luorescent  groups. Various chemical methods have been 

described f o r  t h e  attachement of non rad ioac t ive  t a g s  to  

ol igonucleot ides ,  e i t h e r  a t  t h e  5 '  or  a t  s e l e c t e d  modified 

bases4 o r  a t  random s i t e s  . Enzymatic incorporat ion of b i o t i n  i n t o  DNA 

by n ick- t rans la t ion  using a b i o t i n y l a t e d  dUTP der iva t ive6  or by o t h e r  

procedures is w e 1  1 documented. 

5 

We wish t o  repor t  a method f o r  t h e  prepara t ion  of o l igonucleo t ide  

probes der iva t ized  with a primary amino a l k y l  s i d e  arm a t tached  t o  t h e  

8-posi t ion of s e l e c t e d  adenine bases as i n  l a .  W e  descr ibe t h e  synthes is  

of t h e  f u l l y  pro tec ted  nucleoside phosphoramidite 2 and its 

incorporat ion i n t o  DNA fragments using s tandard oligodeoxyribonucleotide 

synthes is  methodology. 

l a  R ' =  H 
I b  R ' =  b l o t l n y l  
Jc R'= caproylamldoblot lnY1 

n 
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W e  show t h a t  DNA f ragments  c o n t a i n i n g  t h e  modi f ied  base l a  can be 

l a b e l l e d  wi th  b i o t i n  and used as h y b r i d i z a t i o n  probes. T h i s  approach 

enab le s  t o  c o n t r o l  s i t e  of a t tachement  and number of l a b e l s .  Other  

p o t e n t i a l  a p p l i c a t i o n s  are t h e  p r e p a r a t i o n  of enzyme-DNA con juga te s9  and 

t h e  immobi l iza t ion  of DNA on to  s o l i d  matrices. 

R2 R3=H R 3 =Dmt 2a R ~ =  C O C H ~  3 R ‘ =  H _____________..__-- 
9 R ‘ =  Br COCH3 Ga l a  2b R‘= COCF3 
2a R ’ =  S (CH2)2NHCOCH3 COCF3 6b Zb 2c R 4 =  Fmoc 
- 5b R ’ =  S(CH2)2NHCOCF3 F ~ C  6 C  ZC 

Resu l t s .  The nuc leos ide  phosphoramidi tes  L a l o  and 1p w e r e  p repa red  i n  

f i v e  s t e p s  from 2’-deoxyadenosine(J). The s y n t h e s i s  of Lc r e q u i r e d  seven  

s t e p s .  Bromination of 2 a f f o r d e d  4 ( 8 0 % )  which was q u a n t i t a t i v e l y  

t ransformed i n  ?a or z b  by n u c l e o p h i l i c  s u b s t i t u t i o n  of t h e  8-bromo 

s u b s t i t u e n t ”  us ing  t h e  preformed t h i o l a t e  s a l t  ( N a H  i n  DMF) of 

N-acetylcysteamine or N-trifluoroacetylcysteamine r e s p e c t i v e l y .  The 

6-amino group was t h e n  p r o t e c t e d  a s  an amiaine-type d e r i v a t i v e 1 2  5 a,b 

i n  95% y i e l d .  A d i f f e r e n t  r o u t e  w a s  fo l lowed f o r  &c because of t h e  

i n s t a b i l i t y  of t h e  Fmoc group under amidine s y n t h e s i s  c o n d i t i o n s  : t h e  

t r i f l u o r o a c e t a m i d e  group i n  Lb  w a s  hydrolyzed (NH3 i n  water-THF) and 

r ep laced  by Fmoc (Fmoc c h l o r i d e ,  p y r i d i n e )  t o  g ive  kc i n  35% y i e l d .  

S e l e c t i v e  5’-0 p r o t e c t i o n  of La-c w i t h  4 ,4 ’ -d ime thoxy t r i t y l  c h l o r i d e  i n  

p y r i d i n e ”  a f f o r d e d  t h e  nuc leos ides  l a - c  (90-95%). The phosphoramidi tes  

- 2a-c were p repa red  from l a - c  u s i n g  a pub l i shed  procedure14 i n  76-92% 

yie ld15 .  All phosphoramidi tes  La-c were used  t o  c o n s t r u c t  t h e  

o l i g o n u c l e o t i d e s  mentioned i n  the Table by automated pub l i shed  

methodology16. The th iopheno l  d e p r o t e c t i o n  step w a s  omi t t ed  and capping  

r e a c t i o n s  ( A c 2 0 ,  DMAP, l u t i d i n e )  were n o t  performed when &c was used. 

The y i e l d s  f o r  t h e  coupl ing  c y c l e s  were i n  t h e  range 96-99% f o r  La and 

- 2c, 80-90% f o r  b .  The i s o l a t i o n  and p u r i f i c a t i o n  of o l i g o n u c l e o t i d e s  
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OLIGODEOXYRIBONUCLEOTIDES WITH AN ALIPHATIC AMINO LINKER ARM 

TABLE : Se lec t ed  examples of oligodeoxyribonucleotides con ta in ing  
8-(aminoethyl)thioadenine base (2 = l a )  
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5 '  CTGZAACCGGCGAAG 
5 '  CTG~ZACCGGCGA AG 
5' CTG~ACCGGCGZAG 
5 '  CTG=CCGGCG~AG 
5 '  C T G Z C  CGGCGEG 

was as reported e a r l i e r 1 7 .  The t r i f l u o r o a c e t y l  and Fmoc p r o t e c t i v e  

groups a r e  c leaved off  during t h e  s t anda rd  ammonia dep ro tec t ion  whereas 

t h e  a c e t y l  group is  s t a b l e .  Further  a t tempts  t o  hydrolyse the  N-acetyl 

group by sodium hydroxide f a i l e d .  A s  a r e s u l t ,  zc is  t h e , b u i l d i n g  block 

of choice f o r  t h e  syn thes i s  of o l igonuc leo t ides  con ta in ing  la. 
The melt ing curves of DNA duplexes con ta in ing  La a r e  conventional.  

Each base l a  induces a s l i g h t  d e s t a b i l i z a t i o n  of l0C on t h e  Tm. The 

s e l e c t i v i t y  of hybr id i za t ion  is n o t  changed. 

Attachment of b i o t i n  t o  l a  w a s  done by r e a c t i o n  of t h e  

o l igonuc leo t ide  with t h e  N-hydroxysuccinimide ester of e i t h e r  b i o t i n  or 

caproylamidobiotin,  overnight  i n  n e u t r a l  aqueous DMF bu f fe r ,  t o  give l b  

o r  i c  r e s p e c t i v e l y  i n  nea r ly  q u a n t i t a t i v e  y i e l d .  B i o t i n y l a t e d  

o l igonuc leo t ides  are p u r i f i e d  from polyacrylamide g e l  e l e c t r o p h o r e s i s  o r  

a f f i n i t y  chromatography on a v i d i n  agarose . Bio t in  d e r i v a t i z a t i o n  slows 

t h e  migrat ion r a t e  on polyacrylamide e l ec t rophores i s  : t h e  d i f f e rences  

observed f o r  t h e  o l igonuc leo t ides  of t h e  T a b l e  suggest  t h a t  one b i o t i n  

r e s idue  is  a t t ached  t o  each of t h e  bases l a .  

1 

Hybridizat ion of b i o t i n y l a t e d  o l igonuc leo t ides  t o  d o t  b l o t s  of 

t a r g e t  plasmid DNA immobilized on nylon membranes is under s tudy.  For 

type l b  o l igonu leo t ides ,  t h e  de t ec t ion  limit i s  of 10 fmol of DNA us ing  

t h e  po lya lka l ine  phosphatase-base co lo r ime t r i c  assay". This 

s e n s i t i v i t y  is 5 t i m e s  lower than  t h a t  r epor t ed  f o r  5 ' - b i o t i n y l a t e d  

o l igonuc leo t ides  . W e  a r e  c u r r e n t l y  a s s e s s i n g  t h e  importance of t h e  

l eng th  of t h e  l i n k e r  a r m  by s tudying type  l c  o l igonuc leo t ides .  We a r e  

a l s o  i n v e s t i g a t i n g  t h e  in f luence  of t h e  number of b i o t i n  labels. 

1 
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