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Abstract

Nanopore DNA sequencing has been attracting significant attentions as a fundamental
technology for developing personalized medicine. In nanopore sequencing, DNA passes through a
nanopore by experiencing electric force and the sequence is read out by the ionic current
measurement. The nanopore sequencing provides a fast and inexpensive genome sequencer for
single DNA molecule, which is in contrast to conventional sequencers requiring the amplification of
target DNA.

The challenge in highly accurate identification of each nucleotide is slowing and stabilizing
DNA translocation velocity. Although DNA translocation dynamics could be influenced by the
electric force outside of the nanopore as well as inside, the impcat of the electric field outside of the
nanopore on the translocation speed and stability has never been discussed. For this purpose, DNA
conformation and drift-diffusion motion immediately before and after translocation should be
investigated. There are a few attempts to observe whole translocation process by means of optical
and ionic current measurements, but their spatial and temporal resolution is insufficient for the
purpose mentioned above. In this thesis, an optical microscopic method with 100-nm and 100-us
resolution is developed to observe DNA coiling immediately after translocation and its motion.
Characteristic DNA translocation dynamics caused by the electric field in the vicinity of nanopore
exit is obtained and the mechanism is discussed in detail.

Chapter 1 summarizes the technical background of nanopore DNA sequencing, especially
types of nanopores and sequencing methodologies. Major challenges in nanopore sequencing and the
objectives of the thesis are described.

Chapter 2 describes the fluidic and ionic transport inside and outside of nanopores and DNA
dynamics in the vicinity of nanopores.

Chapter 3 describes fluorescent dye-modified DNA samples and porous silicon membranes.
An experimental setup and measurement procedures are also detailed.

Chapter 4 describes the generation of focused light spot to achieve high spatial resolution and
signal-to-noise ratio. A 100 nm sized light spot and low background measurement by ultraviolet light
due to high refractive index and extinction coefficient of silicon are demonstrated by both the
electromagnetic field simulation and the experimental observation of DNA translocation detected as
photon bursts.

Chapter 5 describes the development of time resolved photon counting system and
interpretation of detected signals. For demonstration of the system, observation of fluorescent beads
in Brownian motion is conducted. It is concluded that, based on the discussion of previous studies,
the signal for DNA translocation through the nanopore includes information about both DNA
translocation and DNA motion immediately after translocation.

Chapter 6 describes the impact of the DNA length, applied voltage, and membrane property on
the signal to discuss the DNA translocation dynamics influenced by the electric field in the vicinity
of nanopores. Comparison of the translocation signals for 10-kbp and 48-kbp double-strand DNA
indicates that the electrophoretic velocity of DNA during and post-translocation depends on its
length due to non-uniform electric field. It is also found that the translocation speed for alumina
sputtered nanopores is slower due to higher porosity and surface charge, compared to that for
unmodified silicon nanopores.

Chapter 7 provides the conclusion of the thesis and describes a perspective of the optical
observation of DNA translocation dynamics.
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