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Abstract . Oligonuclectide thiophosphates react with 2-pyridyi-disulfide derivatives to give
phosphodisulfide which can, upon reduction, be easily cleaved to give the starting

oligonucleotide with a terminal thiophosphate group. © 1998 Published by Elsevier Science Ltd.
All rights reserved.

Very often disulfide bonds are used to covalently join an oligonucleotide to a dye Yor an enzyme2‘6.

However,since thiol derivatives can easily form symmetric dimers in the presence of air oxygen, the method
implies the regeneration of alkylsulfhydryl compounds. They need to be regenerated just before coupling, a
process which is not easy to carry out when weak amounts of products are involved. To circumvent this
drawback, we report here the synthesis of conjugated oligonucleotides 3 via a phosphodisulfide bridge which can
be obtained by reaction of phosphorothioate oligonucleotide 1 with an alkyl-2-pyridy!l disulfide derivative 2
(Scheme 1).

Terminal 5’or 3’thiophosphate oligonucleotides are easily obtained via solid phase synthesis by application
of phosphoramidite chemistry using bis(2-cya.noethyl)diisopropylamidophosphite7 and a 2,2’-dithiodiethyl-
derivatized supports’g, respectively. After purification by reversed-phase HPLC, oligonucleotides 1 can be kept
in their monomer form as a solid after lyophilization or in aqueous solution without any special care. The
synthesis of conjugated oligonucleotide 3 is carried out with a psoralen derivative used to cross-link either

single- or double-stranded target sequenceslo’11

and with a 7-amino-4-methylcoumarin-3-acetic (AMCA)
derivative used as fluorescent label. The preparation of 2-pynidyldisulfide derivative of psoralen 2a is achieved by
condensation of psoralen sulfide with 2,2’-dipyridyl disulfide,'? whereas 2-pyridyldisulfide derivative of AMCA-
HP 2b is available from Pierce. Coupling of oligonucleotide 1 in the presence of 15-crown-5 with a slight excess
of 2-pyridyldisulfide compounds 2a or 2b in methanol® affords conjugates 3a and 3b with high yield (80%) after

2 or 3 hour reaction time at room temperature.
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Scheme 1 : Phosphodisulfide bond formation

Reversed-phase HPLC analysis of the crude mixture obtained by coupling Sp-d’(Ts**CTMCsT)* with
compound 2a shows a main peak corresponding to the 5’-psoralenyl oligonucleotide conjugate (Pso)-(CH,)s.S-
S-pd(TMCT,MCsT) which has a higher retention time than that of the starting oligonucleotide thiophosphate 1
(Figure 1). Conjugates 3 are easily purified by reversed-phase HPLC .(Table 1).
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Figure 1: Reversed phase analysis of the crude Psq(-cnz)s-s-s-pd"(T..M°ch°c6T)3’ Rt=24.72 mn
(a) obtained after coupling of spd” (T*CT{**CsT)” Rt =11.22 mn (b) with psoralen compound 2a (
for conditions see Table 1). The inserts show the UV visible absorption spectra between A 240 and A
600 nm of oligonucleotides a (right) and b (left).



Rt (min)

Spd” (TMCTMCeTy” 11.22
Pso(CHa)s-S-Spd’ (TMCT MCeT)* 24.73
AMCA HP-S-Spd’ (TMCTMCeT) 14.75
Spd* (TMC,T™CTC, TC; TMCT) 16.28
Pso(CHa)s-S- Spd® (TMC, T CTC,TC, T CT):  24.75
d*(CTsC,T,CTCG) pS 17.68
d*(CTsC,T,CTCG)* pS-8~(CH,)s-Pso 23.69

S - o

Sp= O—P—, R—S—Sp = R—8—S—P— ,MeCos mehyldeoxycytidine
0 (0]

Table 1: Retention times (Rt) of oligonucleotides obtained by analysis on a Lichrospher 100 RP 18
(Sum) column, 4 x 125 mm (Merck) using the following eluents: 5% CH;CN for 2 min. then a linear
gradient of CH;CN from 5 to 29 % for 20 min and 29 to 100% for 10 min, in 0.1 M aqueous
triethylammonium acetate buffer pH 7, with a flow of 1 ml/min.
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Figure 2: Reversed phase analysis on a Lichrospher 100 R.P. 18 (Sum) column (125mm x 4 mm )
performed as described in Table 1: (a) AMCA-HP-S-S-pd’ (TMCTMCeT)” |, (b) the mixture
obtained after reaction with one equivalent of tris-carboxyethylphosphine (TCEP) for 10 mn and (c)
for 60 mn. Insert absorption spectrum of the conjugated oligonucleotide exhibits the expected
absorbance ratio at A = 270 nm and A = 354 nm in accordance with the published value of 8.000 M’
'em™ for the A max of AMCA.
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Dialkyldisulfide derivatized oligonucleotide 3b can be quantitatively reduced' to the corresponding thiol

containing ligand and oligonucleotide 1 (Figure 2). The easy cleavage of the phosphodisulfide bond enables the

use of 5’conjugated oligonucleotides as primers for DNA polymerases for the preparation of DNA fragments.

After reduction of the conjugate 3b, the obtained 5’-thiophosphate can be easily oxidized into a phosphate which

could be useful for cloning,
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