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Precision Separation and Analytical Chemistry
®Development of high-performance and highly selective separation methods
using electrophoresis HPLC and mass spectrometry
@ Development of highly sensitive detection methods for the above separation
methods
® Application of the above methods for analysis of biological samples
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Main Research
Projects

@® Research on increasing the sensitivity and application of LC/CE-

electrospray ionization mass spectrometry

Advanced analytical systems, wherein a high performance separation method
(e.g, advanced HPLC and capillary electrophoresis(CE)) and a highly sensitive
and accurate detection method (e.g, mass chromatography) are integrated,
continue to play a pivotal role in advances in life sciences. We mainly develop
and apply high-sensitivity analytical systems for small molecules that serve as
biomarkers. While we develop optimized analysis methods for each target, we
focus on increasing the sensitivity of MS detection as a common theme and are
researching dramatic improvements in the efficiency of electrospray ionization
(ESI). The ESI process is a process of ionization in gas phase that involves a
transient state at room temperature, and is strongly governed not only by
equilibrium theory but also by kinetic theory. Its control requires optimization of
many factors, and significant increases in efficiency require the discovery and
introduction of even new factors. Since this is deeply related to the conditions
and contents of the liquid phase separation system in the previous stage, we
design the ESI environment comprehensively. The remarkable sensitivity
improvement thus achieved provides a new field for life science research.

@ Acetaldehyde-induced DNA damage

Alcohol breaks down to produce acetaldehyde in the body. Recently, it was
shown that the risk of alcohol-related cancer is more than100times higher in the
acetaldehyde dehydrogenase-deficient individuals than in controls, indicating a
clear association between alcohol consumption and cancer incidence. We have
identified DNA adducts from acetaldehyde using acetaldehyde-exposed culture
cells, and we are investigating their involvement in carcinogenesis. Assessment
of DNA adducts, including those from acetaldehyde, is of particular interest in
preventive medicine, and development of a highly sensitive LC-MS method for
determining DNA adducts is also on going.

® Quantifying DNA damage caused by TMZ and developing a glioma

treatment strategy using that damage as a treatment indicator
Among childhood cancers, primary glioblastoma (glioma) is an extremely
difficult disease with an extremely high mortality rate and a survival period of
around one year from the start of treatment. Currently, the combination of
anticancer drugs and radiation therapy slightly extends survival time.
Temozolomide (TMZ) is used as a standard anticancer drug. It is said that it
mainly converts guanine to O6-methylguanine (O6MeG), causing guanine to
become adenine and leading to apoptosis, but resistance has developed and
the effect is currently limited. It is the demand of society to overcome this
pessimistic situation. We have established a method for detecting and
quantifying O6MeG using LC/MS as a clear indicator of the effects of TMZ, and
while monitoring the cell death status and various biological signals, we hope
to develop an administration method that enhances the effects of TMZ. We are
conducting research to find substances that can avoid TMZ resistance by co-
administration.

@ Development and application of analysis methods that utilize the free

solution analysis system of capillary electrophoresis
Scientific advances continue to require increasingly high-performance
separation methods. Although electrophoresis remains important as it
complements HPLC in separation mode, CE has the additional feature that
interactions in a homogeneous free solution are directly reflected in the




separation. We are conducting research on this free solution system by
considering (1) the construction of a highly configurable analysis system as a
place for separation field design, and (2) the analysis of solution chemistry by
observing the movement behavior of the sample. An example of the former
(1) is the development of a highly sensitive analysis system that incorporates a
concentration process into an extremely small volume based on the principles
of electrophoresis before CE separation, and then introduces it into ESI-MS
with high efficiency. As an example of the latter (2), we are studying how
deuterium changes the physical properties of materials in heavy water and
through the electrophoretic behavior of deuterated solutes.
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