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Synthesis of phosphorothioate oligonucleotide–peptide
conjugates by solid phase fragment condensation
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Abstract—Phosphorothioate oligonucleotide–peptide conjugates were synthesized by solid phase fragment condensation (SPFC).
Arginine rich peptides could be successfully conjugated in 2.8–13.4% isolated yields. All the products were fully characterized by
reversed phase HPLC and MALDI–TOF–MS to give satisfactory results.
� 2007 Elsevier Ltd. All rights reserved.
Phosphorothioate oligonucleotides are useful tools for
genetic analyses and antisense genetic medicines.1–5

Advantages of phosphorothioate oligonucleotides as
antisense drugs include an increased resistance against
intracellular nucleases and a restored ability of RNase
H activation. On the other hand, disadvantages of them
include a decreased binding affinity with a target
sequence of mRNA because of an increased electrostatic
repulsion between phosphorothioate backbone and
phosphate linkage of mRNA. It has been also pointed
out that phosphorothioate oligonucleotides might inter-
act with intracellular proteins and other organs in a non-
selective manner, which often causes a reduction of
silencing efficiency and unexpected side effects.

Therefore, further chemical modifications and/or
conjugations with other functional molecules on phosp-
horothioate oligonucleotides are required for the appli-
cation to genetic medicines. From a synthetic point of
view, phosphorothioate oligonucleotides have some dif-
ficulties when they are conjugated with cationic peptides
or cellular membrane penetrating peptides. Using a con-
ventional synthetic method of conjugates of oligonucle-
otides and peptides, thiol groups on peptides are often
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reacted with a maleimide group or an activated disulfide
group linked to oligonucleotides.6,7 Sulfur atom in
phosphorothioate group, however, is nucleophilic
enough to react with a maleimide or an activated disul-
fide group to give complicated products. Therefore, this
common synthetic method of conjugation using thiol
groups on peptides should be avoided in the case of
phosphorothioate oligonucleotides, and only other few
methods can be used for this purpose.8–12 Moreover,
conjugation of phosphorothioate oligonucleotides with
highly cationic peptides is often interfered by an electro-
static interaction of anionic phosphorothioate backbone
and cationic peptide side chains. These problems inhibit
further innovation of antisense technology using phosp-
horothioate oligonucleotides in spite of their highly
attractive properties as antisense reagents. In this paper,
a facile and conventional synthesis of conjugates of
phosphorothioate oligonucleotides and a variety of pep-
tides is achieved.

Solid phase synthesis of peptide fragments: Peptides were
prepared by a standard fmoc-chemistry using 100 mg of
Wang resin (novabiochem, 100–200 mesh, 0.50–
1.30 mmol/g). Each peptide is modified with lysine,
which is initially protected by tert-butyloxycarbonyl
(boc) group and finally deprotected after the cleavage,
at the second terminal position of carboxyl terminus
to put a free reactive amino group on peptides. The
obtained peptide fragments were fully characterized by
RP-HPLC and MALDI–TOF–MS to give satisfactory
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Table 1. Synthesized peptides

Peptide Sequence (origin) Yielda (%) MALDI–TOF–MS (found/calcd)

4a Ac-GPKKKRKVKG-OH (SV40LT-ant NLS) 5.6 1552.69/1551.56

4b Ac-GRKKRRQRRRPPGKG-OH (HIV-1 tat NLS) 4.3 2196.11/2194.36

4c Ac-LPPLERLTLKG-OH (HIV-1 rev NES) 11.8 1278.45/1278.59

4d Ac-LRALLRALLRALLRALKG-OH (designed) 4.1 2063.18/2058.64

K; e-amino group is protected by trifluoroacetyl (tfa) group.
a Isolated yields.

Table 2. Phosphorothioate oligonucleotidea–peptide conjugates

Conjugate Peptide Yieldb

(%)

MALDI–TOF–MS

(found/calcd)

6a 4a 8.5 5582.24/5581.96

6b 4b 2.8 6420.67/6418.85

6c 4c 13.4 5695.16/5694.06

6d 4d 8.7 6475.67/6475.12

a Oligonucleotide sequence 5 0-s(CAGTTAGGGTTAG)-3 0.
bIsolated yields determined on A260.
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results (Table 1). The peptide 4a is a nuclear localization
signal (NLS) sequence derived from SV40 large T anti-
gen,13 the peptide 4b is an NLS from HIV-1 tat pro-
tein,14 peptide 4c is a nuclear export signal (NES)
sequence from HIV-1 rev protein14, and the peptide 4d
is a designed peptide with a repeated LRAL sequence
which is supposed to form a cationic a-helix in the pres-
ence of dsDNA.15,16

Synthesis of s-DNA–peptide conjugates by SPFC: The
syntheses of the conjugates involve a solid phase frag-
ment condensation (SPFC)17 as shown in Scheme 1.

A phosphorothioate oligonucleotide assembled in 1 mmol
scale on CPG (PROLIGO, 500 Å, 30–40 lmol/g) support
was modified at 5 0-end of the oligonucleotides by an
amino group using the commercially available phospho-
ramidite (Glen Research 5 0-Amino Modifier 5) (1). Next
a bifunctional linker molecule, di(N-succinimidyl)car-
bonate (DSC) (2), was reacted with the terminal amino
group on solid phase, and then a partially protected
peptide fragment (4) bearing a single free reactive amino
group, independently synthesized and purified, was
reacted with CPG-linked phosphorothioate oligonucleo-
tides (3) to give phosphorothioate oligonucleotide–pep-
tide conjugates still attached to CPG (5). In the
peptide fragments, e-amino groups of lysine (K) except
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Scheme 1. Synthesis of oligonucleotide–peptide conjugates by SPFC.
for a reactive site are protected by trifluoroacetyl (tfa)
group, thiols of cysteine (C) and hydroxyls of serine
(S) and threonine (T) are protected by acetyl (ac) group,
and guanidyl and carboxyl groups are already deprotec-
ted before the condensation. Finally, CPG-linked prod-
ucts are treated with concentrated aqueous ammonia at
55 �C for 4 h to give fully deprotected product. Reversed
phase HPLC18 purification gives a single peak pure
products in 3–13% overall yields in >95% purities (deter-
mined on RP-HPLC analyses) and all the products are
fully characterized by MALDI–TOF–MS19 to give satis-
factory results (Table 2). The phosphorothioate oligonu-
cleotide used in this study has an antisense sequence
against the RNA template in human telomerase
(hTR). All the peptides include lysine and/or arginine.
Especially, although peptides 4a and 4b are highly cat-
ionic, coupling reactions were not inhibited at all. There-
fore, this study proved that SPFC can be widely used for
the conjugation of phosphorothioate oligonucleotides
and cationic peptides.

Study on intracellular delivery and antisense inhibition
of human telomerase by these phosphorothioate oligo-
nucleotide–peptide conjugates is now in progress in
our laboratory and will be reported somewhere shortly.

Supplementary data

Supplementary data associated with this article can be
found, in the online version, at doi:10.1016/j.bmcl.
2007.09.101.
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