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DNA and LNA oligonucleotides containing N2 0-functionalised
derivatives of 2 0-amino-2 0-deoxyuridine
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Abstract—Synthesis of various N-acylated derivatives of 2 0-amino-2 0-deoxyuridine is described together with their incorporation
into DNA and LNA oligonucleotides using the phosphoramidite approach on an automated DNA synthesizer. The thermal stabil-
ities of duplexes formed by these 2 0-amino-DNA-modified DNA or LNA/DNA chimeric strands and complementary DNA or RNA
strands have been studied. Introduction of LNA monomers around the functionalised 2 0-amino-DNA modifications results in rever-
sal of the affinity-decreasing effect of the latter. This represents a novel general approach for design and synthesis of high-affinity
functionalised oligonucleotides for biotechnological or medicinal applications.
� 2006 Elsevier Ltd. All rights reserved.
Chemical modification of oligonucleotides (ONs) is
necessary for their potential application as gene silen-
cing agents.1,2 The sugar moiety of the monomeric
nucleotides, particularly the 2 0-position, is an attractive
site for modification, and conjugation of various lipo-
philic units to antisense ONs to optimize their pharma-
cokinetic properties is being intensively studied.3 Among
modified nucleotides, functionalised 2 0-amino-2 0-deoxy-
nucleosides are attractive as the 2 0-amino group offers
a conjugation site for stable and chemoselective attach-
ment of various entities.4–17 Such 2 0-amino-DNA nucle-
otides adopt a DNA-mimicking S-type furanose ring
conformation but destabilise duplexes formed with
DNA and RNA complements when incorporated
into DNA strands.18 A similar destabilising effect
has in many cases been observed also for functionalised
2 0-amino-DNA nucleotides.4,6,10,15

It is well established that ONs containing either LNA or
2 0-amino-LNA nucleotides display high binding affinity
towards complementary DNA or RNA strands,1,19,20

and moreover that the 2 0-amino functionality of 2 0-ami-
no-LNA nucleotides offers a structurally well-defined
conjugation site in an LNA-type ON.21 LNA nucleo-
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tides are known to induce N-type furanose ring confor-
mation of neighbouring DNA monomers in LNA/DNA
mixmer ONs and a concomitant B-DNA to A-DNA
conformational change.20 We have earlier demonstrated
the compatibility of LNA and 2 0-N-methyl-2 0-N-(pyren-
1-ylmethyl)-2 0-amino-DNA monomers. Thus, the incor-
poration of LNA nucleotides apparently induced a B-
DNA to A-DNA conformational change and increased
binding towards an RNA target strand.14 Encouraged
by these observations, we decided to study in general
the effect of LNA nucleotides on the binding affinity
of DNA strands containing N2 0-functionalised 2 0-
amino-DNA nucleotides.

Synthesis of the O5 0-dimethoxytritylated 2 0-amino-
2 0-deoxyuridine 1 was accomplished according to the
published procedure.22 Selective N-acylation of nucleo-
side 1 was carried out in the presence of dicyclohexyl
carbodiimide (DCC) or 1-[3-(dimethylamino)propyl]-3-
ethylcarbodiimide hydrochloride (EDC) as a coupling
reagent to furnish N-pyren-1-ylcarbonyl, N-(9-fluorenyl-
methoxycarbonyl)glycyl, N-adamantylacetyl, N-pyren-1-
ylbutanoyl and N-palmitoyl derivatives 2a–2e (Scheme 1).
The 3 0-hydroxy group of nucleosides 2a–2e was
phosphitylated using standard conditions to afford the
corresponding phosphoramidite building blocks 3a–3e23

that were used for automated solid-phase synthesis of
ONs. The stepwise coupling yields for amidites 3a–3e
using standard conditions except for extended coupling
time (10-30 min, 1H-tetrazole or DCI as activator) were
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Table 1. Purine-rich sequence—high salt buffer

Modifi-

cation B:

5 0-d(GTG ABA TGC)

ONBa

50-d(GBG ABA BGC)

ONBb

DNA

target

RNA

target

DNA

target

RNA

target

T 34 (ref) 31 (ref) 34 (ref) 31 (ref)

K14 24 (�10) 27 (�4) <10 <10

L 25 (�9) <10 <10 <10

M 37 (+3) 25 (�6) 30 (�4) <10

P 29 (�5) 22 (�9) <10 n.d.

S 29 (�5) 21 (�10) <10 <10

Melting temperatures [Tm values/�C (difference in Tm value relative to

reference Tm value)] measured as the maximum of the first derivative of

the melting curve (A260 vs temperature with increasing temperature

[+1 �C/min]) recorded in high salt buffer (10 mM sodium phosphate,

710 mM sodium chloride and 0.1 mM EDTA, pH 7.0) using 1.0 lM

concentrations of the two complementary strands assuming identical

extinction coefficients for modified and unmodified nucleotides, and

using a micromolar extinction coefficient of 22.4 for a pyrene unit;

A = adenin-9-yl DNA monomer, C = cytosin-1-yl DNA monomer,

G = guanin-9-yl DNA monomer, T = thymin-1-yl DNA monomer;

GL = guanin-9-yl LNA monomer, TL = thymin-1-yl LNA monomer.

Selected MALDI-MS m/z ([M�H]; found/calcd): ONLa 2930/2930;

ONMa 3026/3028; ONMb 3565/3567; ONPa 2292/2993; ONPb 3471/

3473; ONSa 2810/2811; ONSb 2929/2927.

n.d., not determined.

Table 2. Pyrimidine-rich sequence—high salt buffer

Modifi-

cation B:

50-d(GTG TBT BGC)

ONBc

50-d(GTLG TLBTL BGLC)

ONBd

DNA

target

RNA

target

DNA

target

RNA

target

T 37 (ref) 36 (ref) 50 (+13) 65 (+29)

K14 12 (�25) 18 (�18) 43 (+6) 60 (+24)

L <10 <10 16 (�21) 35 (�1)

M 29 (�8) 26 (�10) 36 (�1) 47 (+11)

P <10 <10 n.d. n.d.

Q 14 (�23) 25 (�11) 23 (�14) 39 (+3)

ODMTO

HO NH2
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HO HN

U
ODMTO

R1O HN

U

1 2a-2e
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R R
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pyren-1-ylcarbonyl

pyren-1-ylbutanoyl

N'-(9-fluorenylmethoxycarbonyl)glycyl

adamant-1-ylacetyl

palmitoyl

2,3

Scheme 1. Reagents, conditions and yields: (i) 2a: 1-pyrenecarboxylic

acid, CH2Cl2, DCC, rt, 12 h, 71%; 2b: N-(9-fluorenylmethoxycarbon-

yl)glycine, CH2Cl2, DCC, rt, 12 h, 73%; 2c: 1-adamantaneacetic acid,

CH2Cl2, DCC, rt, 12h, 70%; 2d: 1-pyrenebutyric acid, CH2Cl2, DCC,

rt, 12 h, 70%; 2e: palmitic acid, CH2Cl2, EDC, rt, 12 h, 43%;

(ii) 2-cyanoethyl-N,N-diisopropylphosphoramidochloridite, DIPEA,

CH2Cl2, rt, 12 h (3a: 60%, 3b: 58%, 3c: 58%, 3d: 61%, 3e: 44%).

U = uracil-1-yl; DMT = 4,4 0-dimethoxytrityl.
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>90% [app 99% for DNA (2 min coupling time) and LNA
(6 min coupling time) amidites]. Following deprotection
using standard conditions, purification (reversed-phase
HPLC) and workup, the composition and purity
(>80%) of the ONs were confirmed by MALDI-MS
analysis and ion-exchange HPLC, respectively. The
structures of the N2 0-amido functionalised amino-DNA
monomers studied are shown in Figure 1.

Thermal denaturation studies of 9-mer ONs ONT,
ONK, ONL, ONM, ONP, ONQ and ONS towards
complementary DNA and RNA target strands were per-
formed in a high salt buffer (710 mM [Na+]) and in a
medium (110 mM [Na+]) salt buffer solution in two dif-
ferent sequence contexts (Tables 1–3; ONT refers to the
reference strands). As expected, the Tm values in general
decreased when changing from high to medium salt
S <10 <10 31 (�6) 47 (+11)

Same conditions as described in footnote of Table 1. MALDI-MS m/z

([M�H]; found/calcd): ONLc 3090/3089; ONLd 3201/3202; ONMc

3279/3278; ONMd 3391/3390; ONPc 3212/3214; ONPd 3325/3327;

ONQc 3189/3193; ONQd 3304/3306; ONSc 2853/2851; ONSd 2964/

2963.
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Figure 1. Structures of nucleotide monomers: 2 0-amino-DNA (K),

2 0-N-(adamantylacetyl)-2 0-amino-DNA (L), 2 0-N-(pyren-1-ylbuta-

noyl)-2 0-amino-DNA (M), 2 0-N-(palmitoyl)-2 0-amino-DNA (P),

2 0-N-(pyren-1-ylcarbonyl)-2 0-amino-DNA (Q), 2 0-N-glycyl-20-amino-

DNA (S) and LNA. The short notations shown are used in Tables 1–3.
buffer conditions (Table 2 vs Table 3). The incorpora-
tion of two 2 0-amino-DNA monomers K (ONK) leads
to significant decreases in duplex thermal stabilities
when compared with the stabilities obtained with the
DNA reference ONT.14 Similar destabilisation in the
various sequence contexts was in general found for
ONL, ONM, ONP, ONQ and ONS, with the destabil-
ising effect being more pronounced the more N2 0-amido
functionalised monomers being incorporated. ONM
containing the 2 0-N-pyrenylbutanoyl monomer M shows
comparatively less destabilising effect in a B-type duplex
than the remaining amino-functionalised monomers,
and even a small increase when incorporated once
(Table 1). Similar DNA selectivity and efficient DNA
binding have been observed for other N2 0-pyrene-
functionalised ONs.9,14 A similar trend was not ob-
served for ONQc/ONQd containing the less flexible
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Figure 2. Steady-state fluorescence emission spectra (10 �C, high salt

buffer as described in the footnote of Table 1; excitation at 340 nm).

Table 3. Pyrimidine-rich sequences—medium salt buffer

Modifi-

cation B:

5 0-d(GTG TBT BGC)

ONBc

5 0-d(GTLG TLBTL BGLC)

ONBd

DNA

target

RNA

target

DNA

target

RNA

target

T 28 (ref) 28 (ref) 42 (+14) 57 (+29)

K14 <10 <10 31 (+3) 51 (+23)

L <10 <10 <10 27 (�1)

M 20 (�8) 19 (�9) 28 (±0) 37 (+9)

Q <10 18 (�10) <10 31 (+3)

S <10 <10 24 (�4) 40 (+12)

Melting temperatures [Tm values/�C (difference in Tm value relative to

reference Tm value)] measured as the maximum of the first derivative of

the melting curve (A260 vs temperature) recorded in medium salt buffer

(10 mM sodium phosphate, 110 mM sodium chloride and 0.1 mM

EDTA, pH 7.0) using 1.0 lM concentrations of the two complemen-

tary strands assuming identical extinction coefficients for modified and

unmodified nucleotides. See caption of Table 1 for further details.
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2 0-N-pyrenylcarbonyl monomer Q, in analogy with data
obtained for the corresponding N2 0-pyrenecarbonyl
2 0-amino-LNA monomer.24

All the modified nucleosides predominantly adopt a
DNA-mimicking S-type furanose ring conformation as
confirmed by coupling constant values of nucleosides
2a–2e ðJ 10 ;20 ¼ 5:9–6:3 HzÞ. The destabilising effect of
amino-functionalised 2 0-amino-DNA nucleotides has
earlier been explained by steric hindrance of the bulky
2 0-amido groups.4 We expected incorporation of four
RNA-mimicking LNA monomers to induce a confor-
mational shift of the furanose rings of monomers L,
M, Q and S towards N-type conformations, and there-
fore also an RNA-mimicking A-DNA-type conforma-
tion of ONLd, ONMd, ONQd and ONSd when
participating in the duplex formation. From the thermal
denaturation studies of the DNA/LNA mixmeric ONs
(Tables 2 and 3) it seems that this putative conforma-
tional change from B-DNA to A-DNA relieves the steric
hindrance of the 2 0-amido group and leads to compara-
tively improved binding properties, especially towards
RNA, and especially for the sterically less demanding
monomers M and S. That a conformational effect is in
play is supported by the reported steering effect of
LNA nucleotides on neighbouring DNA nucleotides,20

and by the effects observed earlier for N2 0-pyrenylmeth-
yl-functionalised 2 0-amino-DNA/DNA/LNA mix-
mers.14 These results furthermore support a recent
study that concluded that 2 0-amido groups structurally
fit within RNA-type duplexes.17 From the obtained re-
sults it can be concluded that the incorporation of
N2 0-functionalised DNA monomers into DNA/LNA
mixmers constitutes a general design of easily accessible
next generation ONs of potential use in biotechnology
and medicine.

Monomers Q and M were recently evaluated as fluores-
cent probes to monitor RNA folding,25 with the more
flexible monomer M being the more useful construct.
We have recently reported on strong hybridization-in-
duced increases in fluorescence of N2 0-pyrenylcarbonyl-
functionalised 2 0-amino-LNA/DNA mixmers.24 As a
continuation of this study, we have recorded fluorescence
spectra of single-stranded ONQc and ONQd and of
duplexes formed between these modified ONs and their
complementary DNA or RNA strands (Fig. 2). The sin-
gle-stranded ONQc or ONQd exhibits relatively weak
fluorescence intensity only. In contrast, on hybridization
with the complementary strand, the fluorescence intensity
was markedly enhanced, especially in case of the LNA-
modified ONQd hybridized with RNA. We interpret
these results such that pyrene–pyrene and pyrene–nucle-
obase interactions within the single-stranded ONQc
and ONQd significantly quench fluorescence emission,
most pronounced in the case of the more flexible ONQc.
In accordance with the results obtained for the
corresponding N2 0-pyrenylcarbonyl-functionalised 2 0-
amino-LNA oligomer,24 it seems that the combination
of the rigid amide linkage of monomer Q and the presence
of the neighbouring conformationally locked LNA
monomers induces a rigid duplex upon hybridization
with the RNA complement. This leads to hybridization-
induced enhanced fluorescence emission of the pyrene
units explained by their fixed positioning at the brim of
the minor groove thus avoiding collision-mediated
quenching effects. A weak excimer band around 510 nm
is observed in case of the ONQc-DNA or ONQc-RNA
duplexes (Fig. 2). This can be explained by weak interac-
tion between two pyrene fluorophores resulting from
unwinding of these somewhat flexible duplexes, support-
ed by the lack of excimer band for the more rigid duplexes
containing the LNA-modified ONQd.

Various N2 0-functionalised derivatives of 2 0-amino-2 0-
deoxyuridine were synthesized and these building blocks
incorporated into DNA strands and DNA/LNA mixmer
strands. The presence of the 2 0-amido-modified nucleo-
tides within a DNA strand resulted in decreased thermal
stabilities of duplexes formed with both DNA and RNA
complements. The introduction of LNA monomers
around these 2 0-amido-modified nucleotides efficiently
reversed this affinity-decreasing effect allowing efficient
targeting of complementary RNA. 2 0-Amino-DNA
nucleosides are synthetically more easily accessible than
the corresponding 2 0-amino-LNA nucleosides, and the
potential usefulness of 2 0-amino-DNA/LNA mixmers
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was illustrated by the design of oligomers that display
hybridization-induced increase in fluorescence. We have
revealed a new and convenient approach for design and
synthesis of functionalised oligonucleotides of potential
use in biotechnology and medicine, and we are currently
exploring this approach in our research towards
optimizing RNA-targeting oligonucleotides as gene-
silencing agents.
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