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Summary of Doctoral Dissertation

Title of Doctoral Dissertation:
Study on Sugar Chain-Immobilized Fluorescent Nanoparticles for Functional Analysis and
Diagnostic Use

Name: Hiroyuki Shinchi

Sugar chains play a significant role in a variety of biological events such as cell-cell recognition,
proliferation, and infection. The interaction between sugar chains and proteins or sugar chains
themselves is the initiating point for these events. To date, numerous efforts have been devoted to the
study of their function, which is, however, not well-understood compared to nucleic acids or proteins
because of the structural complexity and diversity. In this thesis, the application of sugar chain-
immobilized fluorescent nanoparticles (SFNPs) for functional analysis and diagnostic use is described.

In Chapter 1, background and purpose of this research are described.

In Chapter 2, the interaction study of ganglioside-binding protein using surface plasmon resonance
(SPR) sensor and SFNPs as an analytical tool is described. Gangliosides, one of glycosphingolipids, are
involved in various biological events. However, its functional analysis is quite difficult because cluster
structure is important to fulfill their functions. In an SPR analysis, ganglioside-immobilized Sugar Chip
with varied sugar density was used, and binding property of ganglioside-binding protein was evaluated.
SFNPs were also prepared, on which the density of sugar chain was also varied. In this chapter, binding
mode of ganglioside-binding proteins was investigated on the basis of the sugar-chain density.

In Chapter 3, the development of novel, simple, and convenient diagnostic method for autoimmune
peripheral neuropathy using SFNPs is described. Guillain-Barré syndrome (GBS) and Millar Fisher
syndrome (MFS) are autoimmune peripheral neuropathy, causing acute flaccid paralysis. Patients of
these diseases are often misdiagnosed as having a stroke. ELISA is generally used as a definite diagnosis
of GBS or MFS since anti-ganglioside antibodies are detected in their sera. However, it takes several
days to receive the assay results from diagnostic laboratory. Therefore, the quick and simple point of
care diagnostic kit is desired. In this chapter, novel method for the detection of the anti-ganglioside
antibodies in serum using SFNPs was developed.

In Chapter 4, preparation and application of low toxic SFNPs as diagnostic and imaging tools is
described. To date, various SFNPs have been synthesized and their biological applications have been
explored. However, the core component of most SFNPs contains cadmium ions, which is often
problematic for its practical use because of their toxicity and higher environmental load. Therefore,
cadmium free or low toxicity SFNPs is strongly desired. In this chapter, cadmium-free SFNPs using low
toxic ZnS-AgInS,/ZnS nanoparticles (ZAIS/ZnS NPs) was developed and they were applied to
diagnostic use in autoimmune peripheral neuropathy.

In Chapter 5, the results of this study are summarized.



