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We have successfully fabricated large-scale deoxyribonucleic acid (DNA) networks on mica surfaces using a simple and easy
fabrication method for the first time. Sample drops of poly(dA-dT)·poly(dA-dT) which is a synthetic linear DNA were spotted
on freshly cleaved mica and blown off with air. At low DNA concentrations, clusters of DNA molecules were separated from
each other. However at high concentrations, substrates were covered with a two-dimensional DNA network measuring more
than 12 mm laterally. The DNA network discovered in our study seems highly practical due to its simple and easy fabrication
method and its length. We believe this DNA network has the potential to serve as a biomaterial for medical, engineering and
environmental applications.
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1. Introduction

Studies of deoxyribonucleic acid (DNA) on the genetic
level are making dramatic progress along with genetic en-
gineering and molecular biology. DNA is the most impor-
tant material in life science. However, DNA can also be re-
garded as a naturally occurring and highly specific functional
biopolymer. In Nishi’s studies, DNA immobilized on sub-
strates and fibers can be utilized as a captor for endocrine dis-
ruptors,1) as an antigen for detecting anti-DNA antibodies2–4)

and as an antibacterial film.5) When it has high conductiv-
ity, DNA can be utilized as an electric circuit in itself. Even
with low conductivity, DNA can be utilized as an ultra-minute
molecular circuit after modification using other molecules.6)

DNA film and networks therefore have the potential to serve
as biomaterials for medical, engineering and environmental
applications. Although many researchers have tried to fab-
ricate DNA film and/or networks, a simple and easy method
of fabricating DNA film and/or network uniformly over the
entire substrate surface has not been found. For example, al-
though Seeman reported the fabrication of DNA networks,7,8)

in his studies the edges left for applying paste (special single-
strand DNA, well designed in base sequence) are necessary
to link the DNA molecule with another molecule to form a
network. Moreover, the DNA network fabricated by Seeman
measured 2000× 2000 nm2, which is too small for practical
use.

Our method of fabricating DNA networks involves simply
spotting a high-concentration poly(dA-dT)·poly(dA-dT) so-
lution on freshly cleaved mica and blowing it off with air.
In addition, our DNA network is sufficiently large-scale to
cover entire substrates (12× 12 mm2). Most significantly, the
DNA network discovered in our study is highly practical due
to both its simple and easy fabrication method and its large
scale. This makes it highly suitable for industrial applications
as well as scientific research.

2. Experimental

The DNA sample used in our study was poly(dA-dT)·
poly(dA-dT) (Amersham Pharmacia Biotech Co., Tokyo,
Japan). The mean length of poly(dA-dT)·poly(dA-dT) was
1534 bp. We diluted it with 17.4 MÄ deionized water to con-

of DNA molecules.10–12) As the molecule density is high
at the edge of the sample drop,13) the DNA molecules are
linked with another molecules (Figs. 1(c) and 1(d)). It should
be mentioned that for plasmid DNA, its two-dimensional
network is not linked with another molecules even at the
edge of the sample drop.13) The major difference between
poly(dA-dT)·poly(dA-dT) and plasmid DNA is the topolog-
ical conformation: the former has a linear structure with two
ends whereas the latter has a circular structure with no end.
This structural difference may be responsible for the network
formation.

Figure 2 shows AFM images of poly(dA-dT)·poly(dA-dT)
at concentration of 250µg/ml. The substrates are covered
with a two-dimensional DNA network which spreads over
about 12 mm uniformly. The histogram reveals that the height
of DNA was about 1.8 nm, indicating that the network com-
prises a few DNA molecules oriented perpendicularly to the
substrate surface.

4. Conclusions

We have successfully fabricated large-scale (12× 12 mm2)
DNA networks on mica surfaces using a simple and easy

centrations of 25 and 250µg/ml. Freshly cleaved mica (mus-
covite green mica, Nilaco Co., Japan) was used as substrates
for atomic force microscopy (AFM) observation. AFM im-
ages were obtained using an SPI3700-SPA300 (Seiko Instru-
ments, Chiba, Japan) in “dynamic force microscope” mode.
The scanning tip used was an Si microcantilever 450-µm long
with a force constant of 1.8 N/m at a scan rate of 1–2 Hz.9) A
10-µl sample drop was spotted on freshly cleaved mica and
spread over a diameter of approximately 12 mm. The sample
solution was allowed to remain on the substrates for about one
minute, after which it was blown off with air and studied us-
ing AFM. All the experiments, sample preparation and AFM
imaging were conducted in air.

3. Results and Discussions

Figure 1 shows AFM images of poly(dA-dT)·poly(dA-dT)
at concentration of 25µg/ml. Clusters of DNA molecules
were separated from each other (Figs. 1(a) and 1(b)). The
mean height of DNA was 1.0 nm (Figs. 1(a) and 1(b)), in-
dicating that the clusters mainly comprised a single layer
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fabrication method for the first time. The sample drops of
poly(dA-dT)·poly(dA-dT) were spotted on freshly cleaved
mica and blown off with air. We believe that this simple and
easy fabrication method and its large scale make it suitable
for practical applications such as biomaterials for medical en-
gineering and environmental purposes as well as scientific re-
search.

1) M. Yamada, K. Kato, K. Shindo, M. Nomizu, N. Sakairi, H. Yamamoto
and N. Nishi: Nucleic Acids Symp. Ser.42 (1999) 103.

2) K. Iwata, T. Sawadaishi, S. Nishimura, S. Tokura and N. Nishi: Int. J.
Biol. Macromol.18 (1996) 149.

3) H. Kitamura, E. Matsuura, A. Nagata, N. Sakairi, S. Tokura and N.
Nishi: Int. J. Biol. Macromol.20 (1997) 75.

4) H. Kitamura, K. Shindo, M. Sasabe, E. Matsuura, N. Sakairi and N.
Nishi: Nucleic Acids Symp. Ser.37 (1997) 145.

5) H. Kitamura, Y. Kondo, N. Sakairi and N. Nishi: Nucleic Acids Symp.
Ser.37 (1997) 273.

6) A. P. Alivisatos, K. P. Johnsson, X. Peng, T. E. Wilson, C. J. Loweth,
M. P. Bruchez Jr. and P. G. Schultz: Nature382(1996) 609.

7) E. Winfree, F. Liu, L. A. Wenzler and N. C. Seeman: Nature394(1998)
539.

8) C. Mao, W. Sun and N. C. Seeman: J. Am. Chem. Soc.121(1999) 5437.
9) C. E. Rabke, L. A. Wenzler and T. P. Beebe: Scanning Microsc.8 (1994)

471.
10) T. Nakamura, Y. Maeda, T. Oka, H. Tabata, M. Futai and T. Kawai: J.

Vac. Sci. & Technol. B17 (1999) 288.
11) Y. L. Lyubchenko and L. S. Shlyakhtenko: Proc. Natl. Acad. Sci. USA.

94 (1997) 496.
12) T. Thundat, D. P. Allison and R. J. Warmack: Nucl. Acids Res.22

(1994) 4224.
13) A. Schaper, L. I. Pietrasanta and T. M. Jovin: Nucl. Acids Res.21

(1993) 6004.

Fig. 1. AFM images of poly(dA-dT)·poly(dA-dT) spread on mica. The
DNA concentration was 25µg/ml. (a) Clusters of DNA molecules were
separated from each other (5000× 5000× 3.5 nm3). (b) A magnified im-
age (2000×2000×3.5 nm3) of (a). The mean height of DNA was 1.0 nm.
(c) At the edge of the sample drop with a very high molecule density
(5000×5000×3.5 nm3). (d) A magnified image (1000×1000×3.5 nm3)
of (c). DNA molecules were linked each other.

Fig. 2. AFM images of poly(dA-dT)·poly(dA-dT) spread on mica. The
DNA concentration was 250µg/ml. (a) Two-dimensional DNA network
covered substrates (5000× 5000× 3.5 nm3). (b) A magnified image
(2000× 2000× 3.5 nm3) of (a). The ditch diameter was approximately
100 nm. (c) A histogram of the DNA network. The mean height of DNA
was 1.8 nm.


