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1. Introduction

There is broad interest in using personal genome se-
guencing to better understand human genetic variation and
genome-related diseases, such as cancer, and to guide dis-
coveries and decisions about the health of individuals
[1]-[3] . For the coming “personal-genome™ era, a deno vo
high-speed and low-cost approach to whole-genome se-
quencer have been required. A use of single-molecule de-
tection for sequencing is a one of the solutions for the
“personal-genome sequencer”. A traverse electrical conduc-
tivity detection of the individual single-nucleotides in the
DNA/RNA sequence has been proposed for the sin-
gle-molecule genome sequencing by several groups [4]-[6].
We have been proposed a tunneling-current based identifi-
cation (Figure 1) as a single-molecule DNA/RNA se-
quencing. This methodology is based on sequentially read-
ing the tunneling-current across individual sin-
gle-nucleotides in the sequence, resulting in a high-speed
electrical discrimination of the individual nucleotides
without chemical probes and PCR amplifications.
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Figure 1: Single-Molecule Tunnel-Current Based Electrical De-
tection by using Nano-MCBJ. Sequential reading of the tunnel-
ing-current across individual single-nucleotides in the sequence.

In this study, we report on a read of DNA / RNA se-
quence by the transverse electron transport through
nanogap-electrode (Figure 2). When the molecules passed
between the nanoelectrodes separated by a sub-nanometer
gap, the tunneling-current through the molecules was in-
creased, relative to that in the absence of molecules (Figure
3). The current intensity is closely related to the indivisulal
electronic conductance. We measured the extent of the
electron-tunneling by using nanofabricated, mechanically
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controllable break junction (nano-MCBJ).

2. Experimental section.

The nano-MCBJ was prepared in the following proce-
dure. First, a gold-wire was fabricated by a standard elec-
tron-beam lithography method. The gold-wire was me-
chanically broken by using a piezo-controller, resulting in
forming a pair of gold nanoelectrodes. After the formation
of a pair of electrodes, the nanogap-electrode was recon-
nected, and then the reconnected gold-nanowire was ther-
mally broken under dc 0.1V apply [7]. We found that this
gold-nanowire self-breaking phenomena reproducibly al-
low to form 0.5 nm, which is comparable to the size of
one-gold atom. After the formation of nanogap, by using
piezo-controller, the gap distance was tuned to be 0.8 nm,
which would be comparable to the size of mono-nucleotide
molecules, and used in the following electrical measure-
ments [8].

(a)

Figure 2: Single-Molecule Electrical Detection System. (a) Schematics of
MCBJ system. (b) photo image of Faraday Gage for MCBJ instruments (c)
MCBJ holder (d) Fabricated MCBJ. (e)a SEM image of gap-electrode in
the MCBJ .

3. Results and Discussion

We investigated the conductance values of single base
molecules of DNA and RNA, and determined the conduct-
ance values for four deoxyribonucleoside monophosphates
(dAMP, dCMP, dGMP, dTMP) and four ribonucleoside
monophosphates (rAMP, rCMP, rGMP, rUMP). The mag-
nitude of the peak conductance of four nucleotides was
found to be in the following order: dGMP > dAMP >



dCMP > dTMP, and rGMP > rAMP > rCMP > rUMP (Ta-
ble 1).
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Figure 3. Homobase-Oligoucleotide Molecular Signals by Using
Nano-MCBJ. (a) Schematics of Mono-Nucleotide Electrical
Measurements by using a gap-electrode. (b) Typical current-time
profiles of dGMP aqueous solution. When the nucleotide molecule
passed between the nanoelectrodes, the positive-signals were ob-
served. The mono-nucleotide molecules were stochastically
trapped between the nano-electrodes because of the interaction of
amino functional group of nucleotide with gold electodes. After a
few miliseconds, releas Brownian motion. (c) Enlarged molecular
signal. The signal was characterized by the retention time (tg), and
peak current (1p)..

Table 1. Conductance value for Single DNA/RNA Nucleotide
(pS)

G A C T mC | oxoG
DNA | 123 93 64 50 105 98
RNA 87 67 60 39 - -

This conductance values is due to the individual mo-
lecular energy level. Calculations based on density func-
tional theory indicated that the order based on the highest
occupied molecular orbital (HOMO) energy was similar to
our experimental results. Note that this order corresponds to
the order of the relative G values, suggesting that our sin-
gle-molecule electrical detection method can identify mo-
lecular species based on characteristic energy levels, par-
ticularly the HOMO energy level.
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Figure 4. Nucleotide-base Assignments for the RNA oligonucleo-
tides (UGAGGUA). The base-assignment procedures are the fol-
lowing; In first step, a conductance histogram was constructed
from the whole data-point in the I-t profiles. In second step, from
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the lowest data-point peaks, we determined the baseline level of
the I-t profile. In third step, we determined the components of the
nucleotide-base species in the I-t profiles, compared to the sin-
gle-nucleotide conductance value (Table 1). In the fourth step,
compared to single-nucleotide conductance values, the plateaus
regions were sequentially assigned to each of base-species. Finally,
we sequentially connected the assigned base signal-region, result-
ing in reading the signal sequences

We also applied this single-molecule electrical identifi-
cation method to base-typing in oligonucleotides. Based on
the electrical conductivity for single-nucleotides, we identi-
fied the base-type in the sample oligonucleotides. We can
read the fragment of sample nucleotide passing through the
sensing electrode (Figure 4). On the basis of a reconstruc-
tion of the read fragment sequences, we successfully de-
termined a sample RNA sequence

3. Conclusions

This single-molecule electrical sequencing using
nano-MCBJ can be used to randomly identify sequences of
single base DNA molecules. This method could be one of
the promising whole-genome sequencing strategies for
personalized medicine.
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