K % {t fH#E (RENJIANCHAO)

gELEZ & +

BERnFORH B

FuR5ES  HHE 7269 =2

2RBEOBA{T 20254 3H 25H

FAIREOEH A ARANER HOER A Ay B R R

(ARG 4 055 1 THG%Y)

Development of Enzyme Activity Assays Based on Spectrometric Methods and Paper-Based
MR OER  Analytical Devices
(3R & == T T 8 A AT EES  BEFRIE PRI E 1 D BH %)

WXEEZE ik &l & Hix KA HIL e R e

FRMXANBTDEEF

This study addresses the development and improvement of enzyme activity assays, emphasizing both sensitivity and
practical applicability. Enzymes play important roles not only in biological systems but also in industrial and food
production. Therefore, the assays for enzymatic activities are required to study the function of the enzymes and to control
industrial and food qualities. While commercial kits and instruments are available for enzyme activity assays, these
methods often face challenges, such as high cost, low sensitivity, and/or difficulty for on-site use. To overcome these
issues, this work focuses on developing more sensitive, fluorescence-based assays for peroxidases and laccase as well
as portable, on-site methods for proteases.

Chapter 1 outlines the characteristics and applications of various enzymes, the importance of measuring their activity,
and the factors that influence the enzyme assay, such as pH and temperature. In addition, the analytical strategies for
peroxidases and proteases were summarized.

Chapter 2 presents an assay for horseradish peroxidase (HRP) using N-benzoyl leucomethylene blue (BLMB) as the
substrate. The study found that BLMB was an excellent substrate for assessing the activity of HRP, as it produced a
colored and fluorescent methylene blue, detectable by spectrophotometry and capillary electrophoresis-laser-induced
fluorometry (CE-LIF). Two analytical methods using absorption spectrophotometry and CE-LIF were developed and
evaluated for their analytical performances that demonstrated the potential applicability for the accurate and sensitive
assay of HRP.

Chapter 3 describes a fluorescence-based method for laccase activity using a mediator of 2,2'-azinobis(3-
ethylbenzthiazolin-6-sulfonic acid) (ABTS) and a substrate of BLMB. The comparison of the fluorometric method with
conventional absorption spectrophotometry showed high sensitivity and accuracy in the fluorometric assay of laccase.
The fluorometric method was applicable to the laccase assay in mushroom extracts with accurate analytical results.

Chapter 4 proposes a microfluidic paper-based analytical device (WPAD) for determining protease activity through a
time-based readout. The pPAD consists of a gelatine film as a substrate for proteases and measures the concentration of
proteases using the time to be required for decomposing the gelatine film. The device is simple, low-cost, instrument-
free, and successfully measured the activity of bromelain in pineapple juices.

Chapter 5 develops a time-measurable detector for uPAD. The detector integrates ten channels, which simultaneously
measure the time required to flow a solution a constant distance in the channels of the PAD. The detector successfully
measured the activity of protease and viscosity of saliva. Namely, the results indicated the applicability of the detector
to the enzyme assay of protease and showed the clear relationship between viscosity and flow time.

Chapter 6 concludes the findings of this study.
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