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Summary: Use of a derivatised polymer support 2 involving the 4,4'- 
dimethoxytrityloxypentyl-3-mercaptopropionamide group allows the automated 
synthesis of oligonucleotides hearing thiol group at their 3'-termini. 

The modified oligodeoxynucleotides are of immence use in molecular 

biological studies (l-6). A large number of methods (7-14) has been 

described for the selective modification of 3' or 5'-termini of oligo- 

nucleotides. For a specific purpose, we were interested to couple a protein 

to the 3'-terminus of a synthetic oligonucleotide under very mild chemical 

conditions. The high selectivity and reactivity of sulfhydryl group under 

mild chemical conditions with a variety of thiol group specific reagents 

prompted us to use 3 '-thiol group containing oligonucleotides to couple 

with the desired protein. 

The method known (15) to date for the selective introduction of a free 

sulfhydryl group at the 3 '-termini of oligonucleotides, in our opinion, 

suffers from some potential drawbacks:(i) polymer support functionalization 

is laborious and (ii) an extra nucleotide unit is added to the oligo- 

nucleotide or four different polymer supports are required. 

In the present communication we wish to describe a general method for 

the synthesis of 3'-thiol group containing oligonucleotides. The method 

involves the preparation of a universal Controlled-Pore Glass (CPG)-based 

support compatible with the established phosphoramidite chemistry of 

oligonucleotide synthesis to give rise to a 3'-thiol group containing 

oligonucleotides during final deprotection. 

The functionalization of the CPG-based polymer support begins with the 

reaction of 3-aminopropylated-CPG with a large excess (ten fold) of a 

commercially available homobifunctional reagent, 3,3'-dithiobis(N-succini- 

midyl propionate) (DSP) in presence of triethylamine in ethylene dichloride 

( Scheme-l). Excess DSP was washed off and the polymer support 2 was then 

reacted with five fold excess of 4,4'-dimethoxytrityloxypentylamine 4 (16) 

in presence of triethylamine in ethylene dichloride. Excess reagent 4 was 

removed by washing to obtain the desired polymer support 5. Determination 

of the amount of 4,4'-dimethoxytrityl cation released by the acidic treat- 
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ment of a sample of support 5 showed a loading of approximately 25 PM per 

gram of the 4,4~dimethoxytrityloxypentyl-3-mercaptopropionamide derivative. 

The support was dried under vacuum and the remaining active ester functio- 

nalities and amino groups on the support were capped following the 

published procedures (17). In order to ascertain that all the 4,4'-dimetho- 

xytrityloxypentyl-3-mercaptopropionamide groups are linked to the polymer 

support via disulfide linkage, a small portion of the polymer support 2 was 

treated with 50 mM DTT solution, pH 8.5 for 6h at 4O'C followed by the 

loading determination by acid treatment method indicating the complete 

loss of 4,4'-dimethoxytrityloxypentyl-3-mercaptopropionamide groups on 

polymer support 5 due to the cleavage of disulfide linkage. 

To test the utility of the derivatised polymer support fi for the 

synthesis of 3'-thiol group containing oligonucleotides, three sequences, 

viz., d( TTT TT---SH ), d( TGC CAG ACA G ---SH ) and d( CGG ATC CGC GGA TCC 

G---SH ) were synthesized, using 1 PM scale on derivatised polymer support 

5 and 12 JJM of 5'-0-dimethoxytrityldeoxynucleoside 3 '-N,N-diisopropylamino- 

2-cyanoethylphosphoramidite per cycle with a cycle time of 7.5 min 

following the standard protocol (18) on Pharmacia Gene Assembler Plus. The 

coupling efficiency per cycle based on released 4,4'-dimethoxytrityl cation 

was found to be > 98%. 
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Fiy:l: (A) HPLC profile of d(TTT TT 
d(TTT 

SN) (peak II) co-injected with 
TT) (peak I); (B) IIPLC clution pattern of 1,5-I-ASDANS lahcllcd 

d(TTT TT -- SH) (peak II) co-injected with d(TTT TT --SH) (peak I). 
Column p Bondapak (3OOx2mm); flow rate 0.5 ml/min; gradient O-20% B in 25 
min. A=O.lM ammonium acetate buffer, 
B=lOO% acetonitrile. 

ptl 7.1 containing 5% acetonitrile, 

Following the last detritylation step in the machine itself, the 

polymer support was removed and exposed to 50 mM solution of DTT in aq. 

ammonia (25%) (2 ml) for 16 hours at 55'C. This process allows the removal 

of 3'-thiol oligomer from the polymer support due to the cleavage of 

disulfide linkage and deprotection of the classical protecting groups ( B- 

cyanoethyl from phosphates and acyl from nucleic bases). The ammonia 

solution was concentrated and desalted on Rio-gel P-2 column using 0.1 M 

triethylammonium acetate buffer, pH 7.5. The sequence was then subjected 

to HPLC purification on Cl, reverse phase column. 

Fig.lA shows the reverse phase HPLC profile of the purified d(TTT TT-- 

SH) co-injected with a previously synthesized d(TTT TT). The later eluting 

peak II is of the desired 3' -thiol containing oligomer d(TTT TT--SH). The 

chromatographic properties of the 3'-thiol containing oligomer was 

unchanged after exposure to snake venom phosphodiesterase. 

d(T+T TT --SH) (2.0 A4nits) alongwith 1 eq. of DTT was taken in 200 

pl of 5% sodium bicarbonate solution. A thiol group specific fluorescent 

probe N-(Iodoacetaminoethyl)- 1-naphthylamine-5'-sulphonic acid (1,5-1- 

AEDANS) (10 es.) was dissolved in 200 pl of 5% sodium bicarbonate and added 

to the oligonucleotide containing tube. The reaction was complete in 30 

min as monitored by HPLC; A control consisting of the 1,5-I-AEDANS with 

DTT was always performed to distinguish between peaks due to free 

fluorophore and its conjugates with DTT and the desired fluorescentally 

labelled oligonucleotide. Fig 1B shows the HPLC profile of the purified 

fluorescent labelled oligomer co-injected with the purified 3'-thiol 

containing oligomer. The later eluting peak II is of the desired 

fluorescent labelled oligomer. 
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CPG ---SH (100 mg, 22 MM -SH groups/g support, 500 A'pore diameter) was 

activated with 2,2 '-dithiobis ( 5-nitropyridine ) (DTNP) according to the 

published method (19). Activated support (60 mg) was treated with 3.0 Aa 

units of d(CGG ATC CGC GCA TCC G---SH) in 200 ~1 of 1.0 M NaCl, 1.0 mM 

EDTA, 50 mM Tris-HCl, pH 8.0 for 10 min. The amount of the oligonucleotide 

immobilised on the support was found to be quantitative. The immohilised 

oligonucleotide eluted quantitatively from the support on treatment with 50 

mM DTT solution pH 8.5. 
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