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Improvement in mitochondrial function by 
antioxidants protects cellular oxidation caused by 
proteasome inhibition 

 
Sunita Maharjan1, Jun Hoseki1,2, Masahide Oku1, Yasuyoshi Sakai1,2 

(1Division of Applied Life Sciences, Graduate School of Agriculture and 
2Research Unit for Physiological Chemistry, the Center for the Promotion of 
Interdisciplinary Education and Research, Kyoto University) 

 

Objective Ubiquitin proteasome system is essential for multiple physiological 
processes via selective degradation of target proteins. Proteasome impairment is linked 
to aging and many pathological conditions from cancer to neurodegenerative disorders 
like Alzheimer’s and Parkinson’s disease. We found that proteasome inhibition resulted 
in cellular oxidation. In this study, we aimed to investigate molecular mechanisms 
underlying protective effects of several antioxidant compounds from food against 
cellular oxidation caused by proteasome inhibition. 
 

Methods and Results Intracellular redox state was observed with Redoxfluor 
following treatment with a proteasome inhibitor in mammalian cells, stably transfected 
with the redox probe. Redoxfluor detects intracellular redox state by its fluorescence 
resonance energy transfer (FRET) efficiency with a concomitant redox-dependent 
structural change of the protein. The proteasome inhibition induced cellular oxidation. 
Simultaneous treatment with antioxidants in food prevented the cellular oxidation 
caused by proteasome inhibition and ultimately improved survival rate of cells under the 
proteasomal inhibition. Furthermore, treatment with the antioxidants maintained 
mitochondrial membrane potential and significantly reduced radioactive oxygen species 
(ROS) in mitochondria by using mitochondrial targeted molecular probes. Moreover, 
pretreatment with the antioxidants was found to significantly increase protein level of a 
mitochondrial antioxidative enzyme suggesting that the pretreatment of the antioxidants 
might stimulate a relevant signaling pathway(s) which subsequently increases 
antioxidant capacity in cells. The results suggest that improvement in mitochondrial 
function by the antioxidants prevents cellular oxidation caused by proteasome inhibition.
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[1] Keren, I. et al. FEMS Microbiol lett. 230, 13-18. 2004  
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Interaction of wheat -amylase with maltose and 
glucose as examined by fluorescence 
 

Tadessa Daba, Kenji Kojima, and Kuniyo Inouye Division of Food 
Science and Biotechnology, Graduate School of Agriculture, Kyoto 
University  

 

Objective -Amylases [EC 3.2.1.2] are exo-acting enzymes, with successive removal 
of -anomeric maltose from the non-reducing ends of polysaccharides. The fluorescence 
quenching effects of maltose and glucose on wheat -amylase (WBA) were studied by 
fluorescence titration. The temperature and pH-dependences of the dissociation 
constants (Kd) of WBA-maltose and WBA-glucose complexes were evaluated. 

Methods and Results The source of WBA, Himaltosin which is an 
industrially-applicable commercial preparation from wheat bran, was purchased from 
HBI Enzymes, Osaka1). The fluorescence emission of WBA was observed by excitation 
at 280 nm at 25oC, pH 5.4. The fluorescence intensity (FI) of WBA was partly quenched 
by the addition of maltose and glucose. The Kd values of the enzyme-inhibitor 
complexes (EI) dissociations determined by titration of FI were 0.20 0.12 M for 
maltose and 0.36 0.11 M for glucose. The Kd values slightly increased while the Gibbs 
energy changes ( Go) decreased with increasing temperature. The respective Kd values 
were 0.22 0.09, 0.20 0.12, and 0.17 0.04 M for maltose and 0.29 0.04, 0.36
0.11, 0.26 0.07 M for glucose at pH 3.0, 5.4, and 9.0, respectively at 25oC. The 
inhibitor constants (Ki) of our previous inhibition kinetics data2) are in reasonable 
agreement with the Kd values obtained in this study. The Ho and Go values indicate 
that the EI dissociations are endothermic and enthalpy-driven. The temperature and 
pH-dependences of the Kd values suggest that the changes in conformation and the 
environment of tryptophan and/or tyrosine residues around the binding site of WBA are 
governed by pH and temperature. It is therefore, essential to consider the temperature 
and pH of starch hydrolysis to reduce the end-product inhibition. 
  
1. Daba T, Kojima K, Inouye K, Enzyme. Microb. Technol. 51, 245-251 (2012) 
2. Daba T, Kojima K, Inouye K, submitted 
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