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The affinity change upon incorporation of LNA and 20-amino-LNA monomers into an avidin binding DNA
aptamer is described. The kinetic profile of selected modified-aptamer was obtained by surface plasmon
resonance experiments and compared with the profile of the parent unmodified DNA aptamer. We report
significant improvement of avidin binding affinity by the incorporation of single LNA modifications into
the aptamer, and successful incorporation of 20-amino LNA as a novel monomer in aptamers with poten-
tial function as carrier unit for additional molecular entities.
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Aptamers are synthetic nucleic acids that can recognize a wide
variety of targets, from a simple ion to complex structures or even
whole cells.1 They bind to their targets with a dissociation constant
(KD value) typically in the low nanomolar range. Furthermore, they
have high specificity with a capacity to distinguish target mole-
cules with minimal structural differences, such as the existence
of either a methyl or a hydroxyl group on the target molecule.2

In many medical applications, high affinity and specific molecular
recognition are achieved by using antibodies. However, there are
some limitations and disadvantages with antibodies, especially in
their production which requires animals or cell lines.3 In contrast,
in vitro selected aptamers can be synthesized in a reproducible
manner in short time. Moreover they can easily be modified using
chemical methods to improve their thermodynamic stability, de-
crease their nuclease sensitivity or allow addition of reporter
groups to broaden their range of applicability. Aptamers have been
widely used in different research areas and they are involved in
applications based on molecular recognition, including diagnos-
tics,4,5 therapeutics,6,7 and biosensing.8,9

Aptamers are composed of RNA or DNA nucleotides but se-
quences with non-native nucleotides or combination of nucleic
acids including LNA (Locked Nucleic Acid), 20-O-methyl and 20-flu-
oro nucleotides amongst others have been exploited as well. LNA is
one of the most promising modified nucleotides (Fig. 1) for appli-
cations within siRNA,10 antisense oligonucleotides,11 and apta-
mers,12–15 wherein its unprecedented properties regarding
stability against nucleases,16 low-toxicity,17 binding affinity and
ll rights reserved.
nuclease resistance18–21 are being widely exploited. In the study
presented below, a new avidin-aptamer has been modified with
LNA and an improvement in affinity of 8.5-fold was observed. In
addition, we present the first example of incorporation of 20-ami-
no-LNA into an aptamer. 20-Amino-LNA nucleotides (Fig. 1) offer
a new alternative as a linker molecule to which a functional group
can be attached to the N20-position.

An avidin-aptamer (61n DNA oligomer) with high selectivity
and affinity (KD = 1.30 nM) has previously been reported.9 In this
study, the avidin-aptamer has been truncated and three derivate
sequences (49 oligomer, 21 oligomer, and 15 oligomer) were syn-
thesized and their affinity profiles measured by SPR (Surface Plas-
mon Resonance). The sequences and the obtained KD values are
shown in Table 1.

As the KD value for the truncated 15n oligomer (13.11 nM) is
very similar to the KD value obtained for the truncated 21n oligo-
mer (9.79 nM) we believe that positions 16 to 21 in the 21n oligo-
mer that constitute the difference between the 21n oligomer and
the 15n oligomer are not very important for affinity, and might
Figure 1. Structures of LNA and 20-amino-LNA nucleotide monomers.
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Table 1
KD value and sequences of truncated H18-avidin-aptamers

H18-avidin-aptamer Sequence 50 to 30 KD (nM)

61mera CCAACCGCAATTGTAGTTGACTCAACATAGTACCGGACTCGGCTAATAGACCTGGGGTTGG 1.30
49mer GCAATTGTAGTTGACTCAACATAGTACCGGACTCGGCTAATAGACCTGG 3.62
21mer GGCTAATAGACCTGGGGTTGG 9.78
15mer GGCTAATAGACCTGG 13.11

a Original aptamer.9

Table 2
List of oligonucleotides synthesized to investigate the effect of incorporation of LNA
nucleosides

Aptamer Sequence 50 to 30

Unmodified GGCTAATAGACCTGGGGTTGG
LNA-G1 GLGCTAATAGACCTGGGGTTGG
LNA-G2 GGLCTAATAGACCTGGGGTTGG
LNA-A5 GGCTALATAGACCTGGGGTTGG
LNA-A6 GGCTAALTAGACCTGGGGTTGG
LNA-A8 GGCTAATALGACCTGGGGTTGG
LNA-G9 GGCTAATAGLACCTGGGGTTGG
LNA-A10 GGCTAATAGALCCTGGGGTTGG
LNA-G14 GGCTAATAGACCTGLGGGTTGG
LNA-G15 GGCTAATAGACCTGGLGGTTGG
LNA-G16 GGCTAATAGACCTGGGLGTTGG
LNA-G17 GGCTAATAGACCTGGGGLTTGG
LNA-G20 GGCTAATAGACCTGGGGTTGLG
LNA-G21 GGCTAATAGACCTGGGGTTGGL

LNA-A5A6 GGCTALALTAGACCTGGGGTTGG
LNA-A5A8 GGCTALATALGACCTGGGGTTGG
LNA-A5A10 GGCTALATAGALCCTGGGGTTGG
LNA-A6A8 GGCTAALTALGACCTGGGGTTGG
LNA-A6A10 GGCTAALTAGALCCTGGGGTTGG
LNA-A8A10 GGCTAATALGALCCTGGGGTTGG
O-Methyl-G2 GGmCTAATAGACCTGGGGTTGG

LNA nucleotides are shown as AL and GL.
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be used as a linker region. The 21n oligomer was thus selected for
incorporation studies of LNA and 20-amino-LNA nucleotides. We
wanted to evaluate both the effect in general from incorporation
of one or more LNA nucleoside(s) in the aptamer and the influence
from incorporation of a 20-amino LNA in the carrier region.

To investigate the effect of LNA incorporation all A and G nucle-
otides in the 21n oligomer sequence were systematically replaced
by LNA nucleotides. All nine single G-LNA, four single A-LNA sub-
stitutions and all six dual A-LNA substitutions were investigated.
These 19 sequences (Table 2) were synthesized on an automated
nucleic acid synthesizer using commercially available DNA and
LNA phosphoramidite building blocks and published procedures.22
Figure 2. Binding signals of the 21n oligomer and
To assay binding of the LNA containing 21n oligomer aptamers to
avidin we used SPR. First, avidin was immobilized on a CM5 sensor
chip (BIACORE). Next, each aptamer was injected at a flow rate of
15 lL/min, 500 nM final concentration for 3 min at 25 �C. The
SPR signals recorded for each sample are shown in Figure 2. The
aptamers LNA-G2 and LNA-G20 displayed significantly increased
target binding compared to the parent 21n oligomer. In addition
it can be seen that LNA is allowed at many positions without inter-
ference with binding.

To further analyze the effect of LNA incorporation, the parent
21n oligomer and LNA-G2 were chosen for synthesis with biotin
at the 30-end. The biotinylated aptamers were bound to the surface
of a streptavidin-coated sensor chip SA (BIACORE) in order to per-
form affinity studies.

SPR analysis was used to determine the kinetic constants at
concentrations ranging from 0.2 to 25.6 nM. The KD for both apta-
mers were calculated by global fitting of four concentrations of avi-
din over a constant density aptamer surface (Fig. 3). A 1:1 binding
with mass transfer fitting was used to obtain kinetic data and
showed v2 values below five. It is assumed that a v2 value less than
10 provides reliable data for determination of KD.23 The obtained
KD values were 9.78 nM for the parent 21n oligomer and 1.15 nM
for LNA-G2. These results are in good agreement with the binding
profile presented in Figure 2. The data show an enhancement in
affinity of 8.5-fold by the incorporation of one single LNA nucleo-
tide at position 2. Corresponding control interaction studies were
performed by the addition of BSA (Bovine Serum Albumin) at
10 nM concentration and showed very low signals for both the par-
ent truncated-21mer and LNA-G2.

To explore whether the 8.5-fold enhancement in affinity by
incorporation of one single LNA nucleotide at position 2 was due
to site specificity or modification specificity we synthesized an apt-
amer with 20-O-methyl G at position 2 (Table 1) and measured its
binding to avidin. As seen in Figure 2 this oligo showed a very weak
binding signal that is much lower than the signal from the unmod-
ified-aptamer, indicating that the LNA-G2 enhancement is due to
the LNA modification.
the LNA-modified aptamers measured by SPR.



Figure 3. Kinetic analysis of the high-affinity interaction between immobilized
aptamers and avidin. Four different avidin concentrations were analyzed and fitted
using 1:1 binding with mass transfer. (a) Truncated-21mer, and (b) LNA2789.
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Based on the results from the affinity analysis, aptamer LNA-G2
was selected as a template for the incorporation of 20-amino-LNA
nucleotides in the second region encompassing positions 16 to
21. The thymine derivative of 20-amino-LNA was selected as the
modified nucleotide to be incorporated at positions 18 and 19 thus
generating LNA-G2T182 (G-LNA at position 2 and T-20-amino-LNA
Figure 4. Kinetic analysis of the high-affinity interaction between avidin and (a)
immobilized LNA-G2T182 and (b) immobilized LNA-G2T192.
at position 18) and LNA-G2T192 (G-LNA at position 2 and T-20-ami-
no-LNA at position 19). Both these chimeric oligonucleotides were
synthesized with a biotin label at the 30-end to facilitate binding to
chips for affinity analysis by SPR as described above. The kinetic
profiles showed a KD value of 4.20 nM for LNA-G2T182 and a sim-
ilar KD value of 4.97 nM for LNA-G2T192. The profiles with the four
avidin concentrations are presented in Figure 4.

The obtained KD value shows that 20-amino-LNA nucleotides
can be incorporated into a functional nucleic acid such as an apt-
amer without impeding the molecular recognition. The two chime-
ric aptamers show similar target affinity in accordance with our
view that this region of the aptamer is not critical for recognition
and binding. A minor influence is indicated as the insertion of
one 20-amino-LNA nucleotide induce a decrease in affinity com-
pared to LNA-G2, but still an increased affinity compared to the
parent 21n oligomer. These changes might be associated with sub-
tle allosteric or structural changes of the molecule.

In summary, a significant enhancement of avidin-aptamer affin-
ity have been accomplished by the incorporation of single LNA
nucleosides and also by combined incorporation of one LNA and
one 20-amino-LNA nucleotide. The latter has been introduced as a
novel constituent in aptamers and offers N20-derivatization which
could be useful for future aptamer functionalization.
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