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AbstractÐWe have succeeded in the acquisition of DNA aptamers that recognize chitin using in vitro selection. The obtained DNA
aptamers have the stem-loop or bulge loop structures with guanine rich loop clusters and the clockwise B-form stems. # 2000
Elsevier Science Ltd. All rights reserved.

Introduction

Oligosaccharide antigens play essential biological roles
in cellular adhesion, molecular recognition, and so on.
However, little is known about the interaction concern-
ing oligosaccharide from the viewpoints of its molecular
basis. The ability to discriminate the presence of di�er-
ent saccharide types with relatively subtle structural
di�erences would be of bene®t in both experimental
applications and diagnostics. High-a�nity nucleic acid
ligands, termed `aptamers', can be selected from a ran-
dom pool of nucleic acid sequences.1±3 The isolation
methodology of the ligands is one of combinatorial
chemistry techniques, termed `in vitro selection' or `sys-
tematic evolution of ligands by exponential enrichment
(SELEX)'. Such selection produces high-a�nity ligands
that can be propagated inde®nitely with little risk of
losing the stock in signi®cantly lower cost than anti-
bodies, and this method completely obviates the use of
animals. In addition to possible ethical considerations,
this also provides an opportunity to generate ligands to
antigens that are toxic to humans and animals. This
selection procedure involves the iterative isolation of
ligands out of the random sequence pool with a�nity
for a de®ned target molecule together with PCR-based
ampli®cation of the selected oligonucleotides after each
round of isolation. Using the above methodology, various
RNA ligands speci®c to various target molecules such as
amino acids, bases, nucleotides and enzymatic cofactors
have been identi®ed.4,5 Recently, single-strand(ss)DNA
ligands that bind thrombin, organic dye, ATP have been
isolated via SELEX screenings.3,6

In the present study, DNA ligands that selectively bind
to `chitin', poly-beta-1,4-N-acetylglucosamine, was iso-
lated using SELEX.

Results and Discussions

In vitro selection of the DNA oligomers speci®c for
chitin was performed according to the procedures
described in notes.7 For the initial selection cycle, syn-
thetic 103-mer oligonucleotides with a random region of
59 nucleotides was ampli®ed using the forward primer
(P1) and the reverse primer (P2). After 8 rounds of
selections, 20 clones were sequenced8 from the pool of
selected DNAs to give seven unique sequences. Several
sequences among the 20 clones were identical, suggest-
ing multiple identi®cation of the same clone. The
obtained sequences are shown in Table 1. The length of
sequence randomized in the original library was 59
nucleotides, however the length of the obtained clone's
inserts varied from 54 to 61 nucleotides, because of
insertions and deletions during PCR ampli®cations.
Examination of the sequences reveals that ®ve clones
had a tendency toward G-richness containing more than
30% G-residues. All ®ve clones, Chi No. 1, Chi No. 23,
Chi No. 28, Chi No. 46 and Chi No. 52 contained G-
cluster motifs that were sandwiched with palindrome
sequences.

The predicted secondary structures of the aptamers
were illustrated in Figure 1, in which the regions around
palindrome sequences of each aptamers were indicated.
All of these represented typical stem-loop or bulge-loop
structures. Percentages of G-residues of both the entire
random regions and the individual loops of the aptamers
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were also shown in Figure 1. The percentages of gua-
nine bases contained in the whole random region (N59
region) are moderately high (approximately ca. 30%).
However, the guanine contents in most of the loops
show high G-richness (more than 50%). Therefore, the

stem-loop or the bulge-loop, having the guanine-cluster
in the inner loops, might be required for the recognition
of chitin, though its detail mechanism is not clear.

The aptamers speci®c to cellulose reported by Yang et
al. are also guanine-rich and are constructed by gua-
nine-clusters with thymine spacers.9 These suggest that
the guanine cluster would be necessary for recognition
of saccharide. The above mentioned cellulose aptamer
sequences showed the possibility of forming guanine-
cluster but any other secondary structures. However,
the obtained chitin-aptamers in this study represented
typical stem-loop or bulge-loop structures. Further-
more, the stems are constructed by four to ®ve base
pairs in all the stem-loops and judging from the fact that
purine bases and pyrimidine bases do not alternately
line up, those would have the structure of clockwise B
form. Both Chi No. 1 and Chi No. 52 have the plural
number of stem loops in which each loop is connected in
the form of hinges. These structural features would be
important for exclusive recognition of `chitin'.

The obtained ®ve clones were subjected to chitin bind-
ing assay10 and the results are listed in Table 2. All
aptamers except Chi No. 1 revealed the binding cap-
ability to chitin-beads. Especially Chi No. 46 and Chi
No. 52 strongly bound to chitin-bead in 52 and 73% of
binding e�ciencies respectively, nevertheless the original
library showed very little a�nity below 1%. Chi No. 23
and Chi No. 28 showed moderate binding to chitin-
beads, however, Chi No. 1 was observed not to bind to
the target. As an evaluation of the speci®city of the
aptamer interactions with chitin, the same assay was
used except that cellulose was one of the similar poly-
saccharides tested as the target molecule (Table 2). In
the results, selected aptamers represented around 45%
of the binding e�ciencies to cellulose. However, the
original library also showed a moderate binding e�-
ciency to cellulose (20%), which was a di�erent ten-
dency from the chitin-bead assay. These ®ndings show
that the original library's high a�nity to cellulose can
attribute to primer regions of the library pool. Anyway,

Table 1. Sequences of chitin-binding DNA aptamers

Aptamers Sequencesa

Chi No. 1 (61)b CCCAGCAGCACTGGTAGTGAGGCAGTTCACCGGTGGGGCGGTGAGTTTGGCTGCTATTTAT
Chi No. 23 (54) TGCGCATGTGAAAGGTTGCCTAACTGGACAGGGTTTAGGAGCGACTAGACACAG
Chi No. 28 (59) GGCAAGATGTGCCCAGAACAGTTGCTTGTATGGTGGGGAGCGTCCATATTGGCTTAAAC
Chi No. 35 (52) ACCTGCGATAGGTAGTTTGTTTCTGTTGCCCTAGCGTCCGTCGTAACAAGTCA
Chi No. 46 (61) CCGTAACCCTGCGGGGGGGGGAGAAGGCAATGGGGGACAACTCGCCGGTAGCCATCCATAT
Chi No. 52 (61) CCTAAGGGGGGACTCAGCATTTTGTGCGGGCGGCGCTAACACAATCAGATAGAGCGGGGTT
Chi No. 57 (60) CGTACAGTGGGCTATATTGCTGACGTAAGAGCTGCTTTCAATGCATTGGCATAGATGTCA

aThe random sequences between the priming sites are shown.
bNumbers in parenthesis indicated the length of N59-random regions.

Figure 1. Possible secondary structures of chitin aptamers. Numbers
in parentheses indicate guanine-contents (percentage) in each loop.

Table 2. Binding assay of DNA aptamers Chi No. 46 and Chi No. 52

Target Chi No. 1 Chi No. 23 Chi No. 28 Chi No. 46 Chi No. 52 Original library

Chitin-bead <1% 18% 6% 52% 73% <1%
Cellulose 46% 47% 43% NTa 45% 20%

aNT means `not determined'.
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the binding e�ciency of Chi No. 52 to cellulose was
apparently less than the value for chitin-beads (Table 2).
These results could indicate that aptamer Chi No. 52
selectively bound to chitin-beads.

In conclusion, the present study demonstrated that the
in vitro selection method is applicable to obtain the
DNA aptamer that selectively recognizes polysaccharide,
which physiologically has an important meaning.
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