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NUCLEOSIDES & NUCLEOTIDES, 12(7), 729-736 (1993) 

A b s t r a c t :  A rap1 t i  so 1 i d phase method f o r  t h e  s y n t h e s i  s o f  3 ’ - 
t h i o l  g r o u p  c o n t a i n i n g  o l i g o i l u c l e o t i d e s  i s  d e s c r i b e d .  

T h e r e  h a s  b e e n  g r e a t .  i n t e r e s t  111 rlevelo1)irrg ea s i  J y woi-lrabl e 

me thods  f o r  l a b e l i n g  o l i g o n u c l e o t i d e s  w i t h  n o n - r a d i o a c t i v e  

l a b e l s .  A number  oi chemicaL a t i d  carizynial I C  nietliotl.; h a v e  

r e c e n t l y  b e e n  d e s c r i b e d  f o r  t h e  s e l e c  t j v e  i r i c o r p o r a t   LO^ of 

n o n - r a d i o i s o t o p e s  i n t o  s y t i (  l i e t  ic o I i g o t t ~ i r l ~ o t  L t i e s .  Tlir 

c h e m i c a l  method i n v o l v e s  t h e  i n t r o t l u c t i o n  o f  amino  ( 1 - 6 )  o r  

t h i o l  ( 7 - 1 7 )  g r o u p  a t  5 ’  or 3 ’  r r i d  of L t i e  s y r i t l ~ e t i r  

o l i g o n u c l e o t i d e s .  T h e s ?  f u n c t i o n a l i z e d  o l i g o n u r l r o t  i d r s  are 

t h e n  d e r i v a t i z e d  w i t h  s u i t a b l e  f l u o r c s c e n t  d y e  1 1 1  o r d e r  t o  

p r e p a r e  h y b r i d i z a t i o n  p r o b e s  o r  p r i n i e r - s  for DNA s e q i i e n c i n g  

( 1 8 - 2 2 )  wh ich  c a n  be  d e t e c - t e d  b y  r i o r i - r a d i o a c t i v e  IneLliods. I n  

a n  e f f o r t  t o  c o u p l e  1 ) r o t e I i i  and  o t h e r  f l r i o r e s c e r i t  d y e  a t  3 ’ -  

e n d  o f  t h e  s y n L I i e L i c  o l i g o ~ i t i c l c o t i d ~ s ,  w e ,  r e q u i r e  

o l i g o n u c l e o t i d e s  c o r i t a i r i j r i g  a 3 ’  - t h i o l  g r o u p .  M e t h o d s  
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730 KUMAR 

developed so far suf I‘er from some potenti a1 drawbacks. ( i ) 
Four different polymer supports are required (12). (ii) The 
methods used for the functionalizat.ion of polymer support are 

laborious (11,13,14). 

We report here, a rapid riietliod f o r  selectively 

modifying the 3’ -terminus of oligonucleotides in which the 
label is introduced in high yield in one step by reacting a 
thiol specific reagent. O u r  method describes the preparation 

of a universal controlled pore glass support modified with a 
disulfide containing spacer that, a l l o w s  the synthesis of 
oligonucleotides extended at their 3 ’ - e r i d  tiy niercaptohexyl 

phosphate residue. This preparation I 9 ( ompat i b l  e w i t,h the 
established phosphorarnidite cherriistry ( 2 3 ) .  The deprotection 
w a s  carried out by published method ( 1 1 )  i.e. by Lreating 
with 25% ammonia,containing 5 0  ntM dithiothreitol €or 6 hrs a t  

6OoC. 

Synthesis of polymer support 

T h e  synthesis of polymer support irivolves coupling of 
activated CPG polymer support with 4 , 4  ’ -dimethoxytrityl-6- 
mercaptohexane 2 via a disulfide linkage. The activation of  

CPG-based support begins with the reaction with pre 
synthesized 3’-thiol-CPG 1 ( 5 0 0  mg) ( 1 5 )  ( - S H  loading 40 
pM/g support) with five fold excess of 2,2’ -dithio-his(-5- 
nitro pyridine) (DTNP) in dichloroethane (10ml) f o r  3 hrs at 

37OC. The unreacted 2,2’-dithio-bis-( 5- nitro pyrjdine) and 
5-nitropyridine-thione was removed by washirig with 
dimethylformaniide ( 2 x l O m l  ) ,illethanol ( 3x10rnl) arid 

dichloroethane( 3x101111 ) . The D’l’NP activaLetf po1ynic.r s u p p o r t  3 
was reacted with five fold excess of prc synthesized 4,4’- 
d i m e t h o x y t r i t y l o x y - 6 - m e r c a p t o h e x a n e  2 ( 11 ) in dichloroet hane 
( 5 m l )  at, 3 7 O C  f o r  3hrs. T h e  rrrireacterl 4 ’ 3 ’ -  

dimethoxytrityloxy-6-mercaptohexane was removed by filtration 
followed by washing with dichloroethane (2xlOml) ’methanol 
( 5 0 n t l )  and finally with ether( 2 5 n t l )  . The derivatized polymer 
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OLIGONUCLEOTIDES WITH A 3’-THIOL GROUP 73 1 

t 
N 4  
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HS - ( CH2I6-O- P- 0 - Oligo - OH 
I 
0- 

Scheme-1 

support 4 was dried overnight iinder \ a c . u u l n .  The loading of  

4,4’-dimethoxytrityl groups on t h e  frit1cLionaI ized sripport was 
determined spectrophotometr*ically aftel. r .ear t .xng R weighed 
amount or the suppoi .L w i L h  par . ch Io r i c .  n c - i d  ( 2 4  1 .  Tlle 

loading capacit,y was 4 0  F t M / g  pol;vmer s i i l i po t ‘ t .  The Ellmnn’s 

(22) reagent test carric?d o u t  with functionalized polymer 
support was negative. This shows t tiat Lhere was no free 
thiol group left on the C P C - p o l  yni~r support,. Final J y the 
unreacted amino groups on the  polynier srlppor( were caiiped as 
described elsewhere(24). The reactions involved in the 
synthesis of 3’-thiol-CPG polymer s u p p o r t  4 are s h o w n  in 
Scheme-1. 

Utility or the polymer sur>r)orL 

In order to test the u t i  1 i t,y o r  s y r i L t i r ~ s i  z e d  sup[)ort. the 
oligonucleotide d(TTTTTTTTSH) was synthesized at 1.3 } i M  scale 
on Pharmacia Gene Assembler (25) following phosplioramidite 
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chemistry. The coupling efficiency of  each react ion cycle 
during synthesis exceeded 9 8 % .  This demoiistdrates that the 
newly synthesized support was stable during 
deprotection, coupling, oxidation and cappi r ig  condi t ions used 
in the solid phase phosphoramidite chemistry method. The 
oligonucleotide d(TTTTTTTT) was a l s o  synthesized using the 
standard thymidine support. The thymidine oligomers were 

synthesized f o r  correct comparison of‘ gel electrophoretic 
mobility and retention time. Number of other oligonucleotides 
containing d(A,C,G) were also synthesized over newly 
developed polymer support and have been 1 inked with proteins. 

The oligonucleotide synthesized on the J’-thiol on CPG 
support 4 was deblocked by treatment with Zml aqueous ammonia 
(25%) containing 50 mM of diLhiothreito1 at, 55OC f o r  1 6  hrs. 
The oligonucleotides containing other hasps were also cleaved 
b y  ammonia/DTT treatment and no base modif‘icatiori was 
observed. The ammonia solution was conc~ntrated and crude 

oligomer was passed through a G - 2 5  Sephadex column. The 
oligonucleotide d(TTTTTTTT) synthesized on thymidine polymer 
support was treated with 1.5 n i l  of 25% ammonia solution at 
6OoC for 6 hrs. Thp volume o f  ammonia solutions were reduced 
to 1 0 0  JJl and passed througli a (3-25 Sephadex c o l u m n .  Finally 

both the oligonucleotides were piirified on PAGE gel 
containing 7M urea (26). The PACE showed that 3’-thiol 
oligonucleotide electrophoresed s l o w e r  than T-8 mer. Finally 
both the Oligonucleotides were phosphory 1 a t e d  itsing 
polynucleotide kinase and 3 2  P ~ A T P  and run on analytical 20% 

polyacrylamide-7M urea gel. The :iut,oradiogr.aln Thown i n  Fig. -1 
shows that the electrophoretic mobility of  3’-thiol labeled 
oligonucleotide is retarded due to the presence o f  6 -  

mercaptohexane. Ellman’s reagent (22) test carried out for 
the purified 3’-thiol ol i g o n u c l e o t i d ~  showed 97% 
incorporation of the Lhiol groiips. Finally the 

oligonucleotides were analyzed by FPLC on C18 reverse phase 
column. The reverse phase FPLC profile of the crude 
d (TTTTTTTT ) ( peak 1 ) and d (TTTTTTTT- ( C H 2  ) c,-SI1 ) ( peak-2 ) are 
shown in Fig.-2. The FPLC profile o f  the crude 

oligonucleotides ( Fig. -2 ) demons t rates that 
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OLIGONUCLEOTIDES WITH A 3'-THIOL GROUP 733 

FIG.-1:Autoradiogram of dCTTTTTTTT-(CH,),-SH) (Lane-1) and 

d(TTTTTTTT) (Lane-2). 

m e r c a p t o h e x y l p h o s p h a t e  c o n t a i n i n g  d ( l '  )8 w a s  w e l l  r e s o l v e d  

o v e r  (3-18 r e v e r s e  p h a s e  c o l u m n  ( r e t e n t i o n  t ime 20.5). T h e  

n o r m a l  d ( T ) 8  w a s  e l u t e d  a t  1 5 . 5  m i n .  T h i s  s u g g e s t s  t h a t  

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

b e t t e r  r e s o l v e d  by r e v e r s e  p h a s e  co lumn c h r o m a t o g r a p h y .  

A c t i v a t i o n  of s u l f h y d r y l  g r o u p  of 3 ' - L t i i o l a t e d  

o l i g o n u c l e o t i d e s  w i t h  DTNP 

T h e  2 . 0  OD A Z G 0  of t h e  p u r i f i e d  t h i o l a t e d  o l i g o n u c l e o t i d e  

w a s  l a b e l e d  w i t h  DTNP as d e s c r i b e d  e l s e w l i P r e  ( 1 1 ) .  A f t e r  t l ie 

c o m p l e t i o n  o f  t h e  r e a c t , i o n  t . t ip C X ( - P S S  r ) I '  DTNP a r i d  released 5- 

n i  t r o p y r i d y l - 2 - t h i o r i e  w a s  removetl t): pass irig t h e  reac.t iori  

m i x t u r e  t h r o u g h  a Sephadex  G-25 co lumn.  A Fig.-3 s h o w s  t h e  

FPLC profile o f  p u r i f i e d  tl('I'TTT1'TTT) I_ c o i n j e c t e d  w i t h  d 

( TTTTTTTT- ( CH 2 ) 6 -  S H  ) 2 arid d ( TTTTTTTT- ( CH ) 6 -  S- S-Py ( NO2 ) ) 3 .  
The  DTNP a c t i v a t e d  o l i g o n u c l e o t i d e s  were c o n j u g a t e d  w i t h  

p r o t e i n s .  

C o r i . i u p a L i o n  Op s u l f h y d r y l  g r o u p  a 3 ' - t h i o l a L e d  

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

The p r e s e n c e  o f  f r e e  - S H  g r o u p  was c o n f i r m e d  by l a b e l i n g  

w i t h  a t h i o l  s p e c i f i c  l a b e l ,  P y r e n y l  m a l e i m i d e (  2 7 ) .  T h e  

f l u o r e s c e n c e  s p e c t r u m  of  t h e  p y r e n y l  1 a b e l e d  o l i g o n u c l e o t i d e  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
4
2
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1



J 
I I I I I 

8.1 16.2 2L.3 32.4 
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FIG.-2: FPLC profile of crude d(TTTTTTTT1 (peak1 land d(TTTTTTTT- 
(CHZ)6-SH(peak 2 ) .  Column, Pro RPC Flow rate 1 ml/min.; 
gradient 0-8% B in 5 min,8-18% B in 30 mirr.A=0.1 M 
ammonium acetate b u f f e r  pH=7.0 ,B=80% acetonitrile in 

0.1 M arnmoniuin acetate. 
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FIG.-3:FPLC profile of purified d(TTTTTTTT1, (peak 1 )  coinjected 
with d(TTTTTTTT-(CH2)G-SH) (peak 2 )  and d(TTTTTTTT- 
-(CH2)-S-S-PY(N02), Column, Pro RPC, Flow rate 1 ml/min.; 
gradient,O-8%B in 5 min.,8-18%B in 3 0  rnin.A= 0 . 1 M  ammonium 
acetate pH=I,B= 80% acetonitrile in 0 . 1  M ammonium acetate. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
4
2
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1



OLIGONUCLEOTIDES WITH A 3’-THIOL GROUP 735 

obtained by excitation at 3 5 0  nm showed peaks  at 380  nm and 

397 nm (Fluorescence spectrum not s h o w n ) .  
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