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ABSTRACT

A new deprotection procedure enables a medium
scale preparation of phosphodiester and phosphor-
othioate oligonucleotides substituted with a protected
thiol function at their 5′-ends and an amino group at
their 3′-ends in good yield (up to 72 OD units/µmol for
a 19mer phosphorothioate). Syntheses of 3′-amino-
substituted oligonucleotides were carried out on a
modified support. A linker containing the thioacetyl
moiety was manually coupled in two steps by first
adding its phosphoramidite derivative in the pres-
ence of tetrazole followed by either oxidation or
sulfurization to afford the bis-derivatized oligonucleotide
bound to the support. Deprotection was achieved by
treating the fully protected oligonucleotide with a
mixture of 2,2′-dithiodipyridine and concentrated
aqueous ammonia in the presence of phenol and
methanol. This procedure enables (i) cleavage of the
oligonucleotide from the support, releasing the
oligonucleotide with a free amino group at its 3′-end,
(ii) deprotection of the phosphate groups and the
amino functions of the nucleic bases, as well as
(iii) transformation of the 5′-terminal S-acetyl function
into a dithiopyridyl group. The bis-derivatized phos-
phorothioate oligomer was further substituted
through a two-step procedure: first, the 3′-amino
group was reacted with fluorescein isothiocyanate to
yield a fluoresceinylated oligonucleotide; the 5′-dithio-
pyridyl group was then quantitatively reduced to give
a free thiol group which was then substituted by
reaction with an Nα-bromoacetyl derivative of a
signal peptide containing a KDEL sequence to afford
a fluoresceinylated peptide–oligonucleotide conjugate.

INTRODUCTION

Ever since the pioneering work of Zamecnik and co-workers
(1), major advances have been made in the development of
oligonucleotides as potential regulators of gene expression (for

reviews see 2–4). However, the use of oligodeoxyribo-
nucleotides as therapeutic agents is still in its infancy due to
several problems. To be active, oligodeoxyribonucleotides
must efficiently cross the cell membrane, be resistant to serum
and cellular nucleases and specifically bind their targets on
mRNA or DNA with high affinity. Besides the attempts devel-
oped to improve their resistance to cellular nucleases and their
binding properties (4,5), many investigations have been
devoted to increase the amounts of oligonucleotides able to
reach their targets inside cells. Among reported strategies,
peptides have been used either in association as complexes (6–8)
or through a covalent linkage (9–15). The covalent conjugation
to peptides was carried out in aqueous solution, through the 5′-
or the 3′-ends of the oligonucleotides via specific reactions
between both moieties (7,9,15–18), although other coupling
strategies including on-line synthesis of peptido-oligonucleo-
tides (19,20) or synthesis by a fragment coupling approach
have been proposed (21). In order to investigate the role of
peptides covalently linked to the oligonucleotides the use of
nuclease-resistant oligonucleotides as well as the possibility of
detecting them inside cells are required. Because phosphoro-
thioate oligodeoxyribonucleotides are rather nuclease resistant
and because their inhibitory activity includes a mechanism
involving the action of RNase H, they were selected for the
preparation of bisfunctionalized derivatives. Heterobifunc-
tional oligodeoxyribonucleotides have already been described
in the phosphodiester series (22,23). Among them, those
involving functional groups at the oligonucleotide ends are
best suited because their substitution usually does not disturb
the binding properties of the oligonucleotides. In most cases,
substitution of the bases decreases hybridization efficiency of
the modified oligonucleotides either by steric hindrance related
to the presence of the substituent group or by altering the prop-
erties of one atom involved in base pairing. In the same way,
substitutions of an internucleotide phosphate induce chirality
of the phosphorus atom leading to two oligonucleotide diaster-
eoisomers possessing different hybridization capabilities. We
chose to prepare phosphorothioate oligodeoxyribonucleotides
containing a primary amino group via a linker at their 3′-ends
and a thiol-protected function at their 5′-ends in order to couple
a fluorescent probe through a disubstituted thiourea linkage
and a peptide via a thioether bond, which is stable inside cells.
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The preparation of oligonucleotides containing a primary
amino group via a linker at their 3′-ends can be achieved using
a modified support (24–26). The synthesis of oligodeoxyribo-
nucleotides containing a thiol masked function at their 5′-ends
has already been described for the phosphodiester series by
several groups (27–30). However, scaling up synthesis using
these protocols very often leads to poor yields. We report here
a new deprotection procedure enabling medium scale preparation
of these heterobifunctional oligodeoxyribonucleotides. This
method, first worked out for the phosphodiester series, was
then successfully used for the medium scale preparation of
phosphorothioate oligodeoxyribonucleotides, which to our
knowledge has not yet been reported. Among the oligonucleo-
tides synthesized, a 21mer phosphorothioate complementary to
a region of the HIV-1 envB mRNA was selectively coupled via
its 3′-end to a fluorescein derivative and via its 5′-end to a
signal peptide containing the KDEL motif [involved in the
recycling of proteins from the cis-golgi and ERGIC compart-
ments to the endoplasmic reticulum (ER); 31] previously
coupled to a heterobifunctional phosphodiester oligonucleo-
tide (10).

MATERIALS AND METHODS

General methods

All chemicals were used as obtained unless otherwise stated.
All solvents were dried and distilled as described (32). Anal-
yses and purifications by ion exchange chromatography were
carried out on a Pharmacia FPLC with a DEAE column (8 µm,
100 × 10 mm; Waters) with a linear gradient of NaCl in 25 mM
Tris–HCl buffer (pH 7) containing 10% CH3CN. Reversed
phase chromatography analyses was performed on a 600E
instrument (system controller) equipped with a photodiode
array detector (Waters 990) using a LiChrospher 100RP18 (5
µm) column (125 × 4 mm) from Merck with a linear gradient
of CH3CN in 0.1 M aqueous triethylammonium acetate (pH 7)
at a flow rate of 1 ml/min or a Nova Pak (C18) column (150 ×
3.9 mm). Reversed phase purification was performed on a
600E instrument (system controller) using a Radial Pak
System containing a PrePack cartridge (100 × 25 mm) filled
with C18 (10 µm) from Millipore with a linear gradient (12.5–
35% CH3CN) in 0.1 M aqueous triethylammonium acetate (pH
7) at a flow rate of 6 ml/min. Oligonucleotide syntheses were
performed on either a Pharmacia Gene Assembler or an Expe-
dite Nucleic Acid Synthesis system 8909 from Perseptive
Biosystems. Peptide synthesis was performed on an Applied
Biosystem 433A Peptide Synthesizer. UV/visible spectra were
recorded on a Uvikon 860 spectrophotometer. Absorption
coefficients of oligonucleotides were calculated as described
previously (33). Fluorescein isothiocyanate (FITC) was
purchased from Molecular Probes (Eugene, OR) and a size
exclusion gel (BioGel-P2) from Bio-Rad (Hercules, CA).

Preparation of the modified support 1. This preparation was
achieved following a previously published procedure (26)
using aminopropyl CPG 500 instead of long chain alkylamine
CPG. The modified support 1 was obtained with a loading of
42 µmol/g.

Oligonucleotide chain assembly. Oligonucleotide chain
assembly was carried out following phosphoramidite chem-
istry (34) on modified support 1. Syntheses were performed on
either a Pharmacia Gene Assembler on a 13 µmol scale using 9
equiv. of commercial phosphoramidites per cycle with a cycle
time of 10 min and a coupling time of 1.5 min, or an Expedite
Nucleic Acid Synthesizer 8909 on a 15 µmol scale. The oxida-
tion step was carried out with iodine in a THF/pyridine/water
solution (obtained from the manufacturer) and the sulfurization
step was performed using 3H-1,2-benzodithiole-3-one 1,1-dioxide
(Beaucage reagent, 50 mM in acetonitrile) (35). After addition
of the last nucleotide an additional detritylation step was
performed on the synthesizer to give oligonucleotide 2
(Scheme 1).

Coupling of the phosphoramidite derivative of the S-acetylated
linker 3 on the 5′-terminal hydroxyl of oligodeoxyribonucle-
otide 2 bound to the support. To a small vial, stoppered with a
septum, was added oligodeoxyribonucleotide 2 (13 or 15
µmol) bound to the support. A needle was placed in the septum
and the vial was left in a dessicator under vacuum for at least
4 h. The dessicator was then filled with nitrogen before its
opening. A mixture of phosphoramidite 3 (30 equiv., 0.1 M
solution in acetonitrile) and tetrazole (100 equiv., 0.45 M solu-
tion in acetonitrile) was added. This mixture was shaken gently
by hand from time to time for 30 min, the supernatant was
removed with a syringe and the oxidation step was performed
upon adding a 2 ml iodine solution (the solution used in the
synthesizer). The solution was removed after 1 min and the
support was extensively washed with acetonitrile. Alternatively,
the sulfurization step was performed using a 2 ml Beaucage
reagent solution (the solution used in the synthesizer). The support
was then dried for 10 min at 30°C using a rotavapor.

Deprotection of the oligonucleotide derivatized by the S-acetylated
linker 4 and transformation of the released thiol function into a
pyridyl disulfide group. The oligodeoxyribonucleotide 4 bound
to the support was left in the vial and 2,2′-dithiodipyridine
(140 equiv.), phenol (10 equiv./phosphate), methanol (3 ml)
and concentrated (28%) aqueous ammonia (5 ml) were added
successively. The mixture was left at room temperature for
60 h under gentle stirring. The mixture was centrifuged and the
supernatant was recovered. The support was washed twice
with a water:methanol (2:1 v /v) mixture and once with water.
Ammonia and methanol were removed by evaporation under
reduced pressure. The other reagents, including 2,2′-dithio-
dipyridine, phenol and pyridyl-2-thione, were extracted with
ethylacetate; after complete removal of ethylacetate by evapo-
ration using a rotavapor, the aqueous solution was filtered
through a 0.45 µM disposable filter.

Purification and analysis of oligodeoxyribonucleotides 5
substituted with a protected thiol group at their 5′-ends and an
amino function at their 3′-ends. Phosphodiester oligonucle-
otides 5 were purified by ion exchange chromatography on a
DEAE column (8 µm, 100 × 10 mm; Waters) eluted with a
linear gradient of 0–1.5 M NaCl in 25 mM Tris–HCl buffer
(pH 7) containing 10% acetonitrile. Acetonitrile was removed
by evaporation; the solution was desalted by chromatography
using a (10 × 100 mm) column packed with LiChroprep RP-18
(40–63 µm) (Merck). The purified modified phosphodiester
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oligonucleotides 5 were analyzed by reversed phase chroma-
tography on a C18 column. Phosphorothioate oligonucleotides
5 were purified by reversed phase chromatography using a
Radial Pak System containing a PrePack cartridge (100 × 25
mm) filled with C18 (10 µm) (Millipore) with a linear gradient
of 12.5–35% acetonitrile in a 0.1 M triethylammonium acetate
buffer (pH 7) solution at a flow rate of 6 ml/min and then
analyzed by reversed phase chromatography on a C18 column.
The presence of the 2-pyridyl disulfide group was confirmed
on an aliquot according to Carlsson et al. (36).

Preparation of the bis-derivatized
oligodeoxyribonucleotide phosphorothioate 9

Preparation of the fluorescein–oligophosphorothioate conju-
gate 6. The procedure used was adapted from a previously
published method (37). An oligonucleotide 5e with a primary
amino group at its 3′-end (8 OD units) was dissolved in 50 µl
2 M sodium acetate, 0.2 M carbonate/bicarbonate buffer,
pH 9.3. FITC (isomer I, 25 equiv.) was added to the oligo-
nucleotide solution and the mixture was gently stirred at 37°C;
more FITC (25 equiv.) was added 5 h later. After overnight

Scheme 1. Synthesis of the heterobifunctional oligonucleotide 5.
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incubation, the fluoresceinylated oligonucleotide was precipitated
by adding 2.5 vol. cold (–20°C) absolute ethanol. The free
fluorescein remaining was removed by size exclusion chroma-
tography at 4°C on a BioGel-P2 column (2 × 25 cm) eluted
with 5% n-butanol in water. The first fluorescent peak was
recovered and lyophilized and then analyzed by reversed phase
chromatography and UV/visible spectroscopy (Fig. 1Ib and
IIb) as well as by PAGE (Fig. 2). Polyacrylamide gel analysis
(Fig. 2, lane 2) showed the presence of two bands (b and e)
identified as the fluoresceinylated oligonucleotide 6 and a
product which could correspond to the dimer of oligonucle-
otide 7 (see below). Polyacrylamide gel analysis of the starting
bis-derivatized oligonucleotide 5e (Fig. 2, lane 1) also
displayed two bands. The main one (a) corresponds to oligonu-
cleotide 5e and the second (d), with a lower mobility, could be
the dimer of oligonucleotide 5e obtained after loss of the 2′-
thiopyridyl group of 5e. Reversed phase analysis indicated the
presence of a more retarded peak (Rt = 26.1 min; Rt5e = 24.1
min; Fig. 1Ia) with a shoulder containing fluorescein (Fig. 1Ib
and IIb). The shoulder corresponds to the dimer of oligonucle-
otide 7. Starting from 8 OD units of 5e, 7.8 OD units of crude
oligonucleotide 6 were obtained.

Synthesis of the Nα-bromoacetyl peptide (containing a KDEL
signal sequence) 8. The peptide YGEEDTSEKDEL (corre-
sponding to the C-terminal sequence of the ER-resident
luminal protein GRP78) (31) was prepared by solid phase
synthesis on an Applied Biosystems 433A peptide synthesizer,
monitored by conductimetry, using a 9-fluorenylmethoxycarb-
onyl strategy starting from a p-hydroxymethyl phenoxymethyl
resin. At the end of the synthesis, bromoacetic anhydride was
added to form the Nα-bromoacetyl-protected peptide still
bound to the resin (10). The peptide was deprotected and
released from the resin by treatment with 95% TFA (v/v) in
water for 4 h in the presence of phenol (5% w/v) used as a
scavenger. The peptide was precipitated in dry diethylether.
Purity was assessed by analytical HPLC on a 150 × 3.9 mm
reversed phase C18 column (Nova-Pack C18, 4 µm; Waters)
using a linear gradient of 5–80% acetonitrile in water
containing 0.1% TFA (Rt8 = 17.8 min). The peptide was char-
acterized by matrix-assisted laser desorption ionization time-
of-flight mass spectrometry with a Finnigan MAT Laser-mat
2000 instrument (San Jose, CA) (calculated mass 1533.5 Da;
measured mass 1535.4 ± 2 Da).

Deblocking of the thiol function of oligonucleotide 6. The fluo-
resceinylated oligonucleotide 6 (7.8 OD units) was dissolved
in 2 M ammonium acetate, 0.05 M sodium phosphate buffer,
pH 7.0, (200 µl) and degassed under vacuum by successive
freezing and thawing of the solution under vacuum. Then, a
water solution of tris(2-carboxyethyl)phosphine (TCEP, 1.2
equiv. dissolved in 2 µl) (10,38) was added under a nitrogen
atmosphere. The mixture was left at room temperature for 30
min. The presence of the thiol-containing oligonucleotide 7
was checked by reversed phase analysis on a Nova-Pack C18
column using the conditions described in Figure 1. Rt6 = 26.1
min, Rt7 = 25.1 min (data not shown).

Coupling of peptide 8 to give the bis-derivatized oligonucleotide
9. Two equivalents (0.14 mg in 14 µl of 2 M ammonium acetate,
0.05 M sodium phosphate buffer, pH 7.0) of the Nα-bromo-

acetyl peptide 8 were added directly into the solution of the
thiol-containing oligonucleotide 7 (7.8 OD). After a 3 h reac-
tion, polyacrylamide gel electrophoresis analysis showed the
presence of a main product (yield ≈ 70%) with a lower
mobility than that of the thiol-containing oligonucleotide 7 as
well as two side products identified as oligonucleotide 7 and its
corresponding dimer (data not shown). The absence of other
bands indicated that coupling of more than one peptide per
oligonucleotide did not occur. The reaction mixture was
separated by PAGE using the conditions reported for the anal-
ysis and the bis-derivatized oligonucleotide 9 was recovered
by soaking the gel in 1 ml of a 50 mM solution of ammonium
phosphate, pH 7.0, for 2 h at 4°C followed by precipitation
upon adding 2.5 vol. of absolute ethanol. Finally, after solu-
bilization of the precipitate in distilled water and desalting by
chromatography on a BioGel-P2 column (250 × 20 mm) eluted
in water, 3.6 OD units of purified oligonucleotide 9 were
obtained (Fig. 2, lane 3, band c). The UV/visible absorbance
ratio (A490/A260) confirms the presence of one molecule of
fluorescein per oligonucleotide (Fig. 1IIc). The bis-derivatized
oligonucleotide 9 was characterized by mass spectrometry.
The negative ion electrospray mass spectra were obtained
using a Platform Quadrupole Mass Spectrometer (VG Biotech,
Fisons Instruments, Altrincham, UK) equipped with an electro-
spray atmospheric pressure ionization source. Calculated mass
8789.5 Da; found mass 8785 ± 2 Da.

RESULTS AND DISCUSSION

Synthesis of 5′,3′-bis-substituted oligonucleotides 5

Oligonucleotide chain assembly. This synthesis was performed
as described in Scheme 1 on a 13 or 15 µmol scale on the modi-
fied tritylated support 1 (42 µmol/g) obtained according to a
published procedure (26). The oligonucleotide chain assembly
was performed via phosphoramidite chemistry (34). The
oxidation step was carried out using either iodine or 3H-1,2-
benzodithiol-3-one 1,1-dioxide (35), giving the oligonucle-
otide phosphodiester or phosphorothioate, respectively. After
addition of the last nucleotide, an additional detritylation step
was performed to deblock the 5′-terminal hydroxyl function.
The acetylthiolated linker (30) was then coupled via its phos-
phoramidite derivative 3 to the 5′-end of the protected oligo-
nucleotide still bound to the support (protected at both the base
and the phosphate levels) to afford the oligonucleotide 4.

Deprotection, purification and characterization. The deprotec-
tion step was first performed using concentrated ammonia in
the presence of 2,2′-dithiodipyridine. This treatment allows
cleavage of the oligonucleotide from the support, releasing the
primary aliphatic amino function at the 3′-end of the oligo-
nucleotide, as well as complete removal of the protecting
groups from the bases, the phosphates and the thiol function at
the 5′-end. The thiol function then reacts with 2,2′-dithio-
dipyridine to afford the thiol-protected oligonucleotide 5. After
deprotection of the oligonucleotide chain and transformation
of the thioester at the 5′-end of the oligonucleotide into a
dithiopyridyl group, oligonucleotide analyses and purifications
were performed by chromatography. In both the phospho-
diester and the phosphorothioate series, coupling of the thiol-
containing linker could be ascertained by comparing the
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reversed phase analyses of the crude products obtained after
deprotection of oligonucleotide 2 containing a hydroxyl group
at its 5′-end and of those released upon treatment of oligonu-
cleotide 4 with concentrated aqueous ammonia and 2,2′ dithio-
dipyridine (140 equiv.), respectively. In the latter case,
oligonucleotide 5 containing the dithiopyridyl group eluted
later than the oligonucleotide with a 5′ free hydroxyl group
(obtained after deprotection of oligonucleotide 2). After purifi-
cation on a reversed phase column, the presence of the dithi-
opyridyl group at the 5′-end of the oligonucleotide could be
shown by reductive cleavage of the disulfide bridge with either
dithiothreitol or tris-(2-carboxyethyl)phosphine, releasing free
pyridine-2-thione detected at λ = 343 nm (36). When the
synthesis was performed on a small scale (µmol), in most cases

oligonucleotide 5 was obtained in good yield. However, when
the synthesis was performed on a larger scale the yield based
on compound 5 was usually low. This was not because
coupling of the thiol-containing linker failed (only a small
amount of 5′-hydroxyl-containing oligonucleotide was recov-
ered), but rather due to the formation of a major product whose
retention time was between that of the oligonucleotide with the
hydroxyl group at the 5′-end and that of the expected product 5
containing the dithiopyridyl group. The product which
remained unchanged after prolonged treatment with dithiothre-
itol was not the oligonucleotide dimer obtainable by mild
oxidation of the oligonucleotide containing the thiol. We
suspected rather that it was a reaction product [ODN-linker-
SCH2CH2CN] between the electrophilic acrylonitrile

Scheme 2. Synthesis of the bis-derivatized oligonucleotide 9.
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[CH2=CH2CN] released from the phosphates during the depro-
tection step and the nucleophilic thiol [ODN-linker-SH] func-
tion as previously reported by Kuijpers and van Boeckel (30).
This was then confirmed by electrospray mass analysis
performed on the side product obtained during synthesis of the
bis-derivatized oligonucleotide 5a (calculated mass 7850.9;
measured mass 7851 ± 2 Da). In our hands, the use of a large
excess of 2,2′-dithiodipyridine as described by these authors
did not fully prevent formation of the cyanoethyl adduct. In
order to prevent formation of this unwanted product, we chose
to add to the deprotection mixture a large excess (10 equiv. per
released acrylonitrile molecule) of phenol which, in the pres-
ence of concentrated ammonia, was in the phenoxide form and
could trap acrylonitrile. Using this new deprotection proce-
dure, we observed that the unwanted product mentioned above
was absent and that the expected modified oligonucleotide, in
both the phosphodiester and the phosphorothioate series, was
obtained in good yield (Table 1).

Bis-derivatization of the oligonucleotide 5e by a fluorescein
residue and a peptide

This was achieved following the general procedure depicted in
Scheme 2. The oligonucleotide 5e was allowed to react with
FITC (50 equiv.) overnight at pH 9.3 in order to form a disub-
stituted thiourea involving the primary amino function of the
oligonucleotide. The excess FITC was eliminated in the super-
natant upon precipitation of the oligonucleotide derivative with
ethanol and by a gel filtration step. Both PAGE and reversed

phase chromatography analyses indicated that the expected
fluoresceinylated oligonucleotide 6 was sufficiently pure to be
used for coupling with a peptide. The absorbance ratio (A490/
A260) of the fluorescein–oligonucleotide conjugate 6 (Fig. 1IIb)
confirms incorporation of one fluorescein residue per oligo-
nucleotide. Polyacrylamide (15%) gel electrophoresis analysis
of oligonucleotides 5e and 6 (Fig. 2) shows, by visualizing
fluorescein upon illumination at 260 nm and by methylene
blue staining of the oligonucleotide, a different electrophoretic
mobility for the oligonucleotide before and after labeling with
fluorescein. Following the optimized protocol, we were able to
keep the thiopyridyl group at the 5′-end of the oligonucleotide.
Indeed, after treatment of the derivative 6 with TCEP (a selec-
tive reducing agent for disulfide bridges) a single new peak

Figure 1. (I) Reversed phase monitoring of the coupling reaction between oligonucleotide 5e and both FITC and the peptide. (a) Oligonucleotide 5e; (b) crude
fluorescein–oligonucleotide conjugate 6; (c) bis-derivatized oligonucleotide 9. Chromatographic analyses were performed on a Nova-Pack reversed phase (C18)
column (150 × 3.9 mm) using a linear gradient from 5 to 40% acetonitrile in 0.1 M TEAA, pH 7.0, over 30 min with a flow rate of 1 ml/min. Detection: λ=260 and
495 nm. (II) UV/visible spectra of compounds 5e (a), 6 (b) and 9 (c) recorded between λ=220 and 600 nm.

Table 1. Structures of the bis-derivatized oligonucleotides 5

R1 = Py-SS(CH2CH2O)3-P(O,S)-

R2 = -P(O,S)(CH2)6NH2
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was obtained indicating that >90% of the fluoresceinylated
oligonucleotide 7 was in the thiol form (data not shown). The
coupling reaction of this fluorescent oligonucleotide 7 with
Nα-bromoacetyl peptide 8, performed at pH 7, gave the oligo-
nucleotide phosphorothioate 9 covalently linked to the fluores-
cein via its 3′-end and to the peptide via a thioether linkage at
its 5′-end. After a 3 h reaction, reversed phase chromatography
and PAGE analyses confirmed the presence of a new product
(yield ≈ 70%) with a different electrophoretic mobility on
PAGE analysis as well as with a retention time by HPLC chro-
matography different from those of the fluoresceinylated
oligonucleotide 6 and the thiol-free oligonucleotide derivative
7; in addition, a trace amount of a fluoresceinylated compound
with a mobility corresponding to a dimeric oligonucleotide 7
was detected by electrophoresis. Electrospray mass spectrom-
etry confirmed the calculated molecular weight of the conju-
gate (calculated mass 8789.5 Da; found mass 8785 ± 2 Da).
These results confirm that only one peptide was linked to the
oligonucleotide, despite the fact that bromoacetamido deriva-
tives were reported to be sufficiently reactive to substitute
internucleotide phosphorothioates leading to phosphothiolotri-
ester linkages (39). These results may be due to (i) the higher
reactivity of the thiol group relative to that of the internucle-
otide phosphorothioate, (ii) steric hindrance due to a particular
conformation of the peptide and/or (iii) the coupling condi-
tions, including the use of a high salt concentration and a short
reaction time.

CONCLUSIONS

We report here the medium scale synthesis of oligonucleotides
bearing a protected thiol group at their 5′-ends and a primary
amino function at their 3′-ends in both the phosphodiester and
the phosphorothioate series. The use of a new deprotection
procedure, involving the presence of phenol which prevents
addition of the released acrylonitrile to the thiol group (an
important side reaction), allows the preparation of bis-substi-
tuted oligonucleotides in good yield. This procedure is reliable
and several heterobifunctional phosphorothioate oligonucle-
otides (from 19mers to 25mers) have been obtained in yields
ranging from 32 to 72 OD units/µmol. Furthermore, we show
that the bis-derivatization of a phosphorothioate oligonucle-

otide led to a well-defined compound in two steps, succes-
sively coupling of the 3′-terminal amino group to FITC and of
the 5′-terminal thiol function to a bromoacetyl peptide. Using
the reported coupling conditions, formation of phosphothiolo-
triester bonds between the bromoacetylated peptide and the
internucleotide phosphorothioate was not detected, showing
that the expected thioether linkage was specifically formed.
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