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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
(3 Application of the above methods for analysis of biological samples
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Main Research
Projects

® evelopment of sequentially carrier-replacing capillary electrokinetic
chromatography, and its application in the field of life science
Life sciences are rapidly progressing with a shift in trend to genomics, proteomics,
and metabolomics, and many previously-unknown events have been uncovered
in the past ten years. Advanced analytical systems, wherein a highperformance
separation method(e.g., micro HPLC and capillary electrophoresis(CE)) and a
highly sensitive and accurate detection method(mass chromatography) are
integrated, continue to play a pivotal role in advances in life sciences. However,
improvement of separation methods is not well studied. We have therefore
focused on the dynamic structural partitioning-phase (pseudo-stationary phase)
in electrokinetic chromatography -- a maodification of CE -- and successfully
developed sequentially carrier-replacing capillary electrokinetic chromatography,
wherein the stationary-phase in HPLC is sequentially replaced. Pre-treatment and
mass chromatography can be easily combined with this technology, and we are
currently focusing on practical applications in addition to the fine-tuning of this
technology.
@ 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.
3 Development of highly sensitive methods for detection of biofunctional
molecules
An increase in detection sensitivity by one-digit or more enables us to understand
previously unknown biological and physiological events, and is thus of particular
importance in the life sciences. Several rare earth ions, such as europium ion, emit
fluorescence with longer emission lifetime through a mechanism involving
intersystem crossing in antenna ligands and energy transfer to the ion. The time-
resolved fluorescence technique offers a significantly low background, leading to
supersensitive detection. We are re-focusing on the fluorescence-enhancing
system aided by rare earth metal complexes used as a matrix component, and we
are currently studying the roles of rare earth metal complexes in this system while
conducting strategic optimization to improve sensitivity and performance of
analysis.

Shift in trends in life science research Requirements for analytical methods
Genomics * High-performance separation using a small
amount of samples
Proteomics  Analysis of proteins (translated gene = Combined with mass Chromatography (MS)
EIodis) +High sensitivity for detection of biofunctional
. substances
Metabolomics  Analysis of metabolites (products Key Methodologies:

of biological and physiological events)

Capillary electrophoresis (CE), micro-LC, CE/MS,
LC/MS, long emission-time fluorescence emission

Single-cell analysis (prospect) system using rare earth metal complexes

Examination of cellular events in individual cells

Methedelgical developpment Application
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