
NQO1,

A VERSATILE CYTOPROTECTIVE ENZYME

IN RESPONSE TO

AGE-RELATED DISEASES

DONG-HOON HYUN, PHD

DEPARTMENT OF LIFE SCIENCE

EWHAWOMANS UNIVERSITY



Oxidative Stress, Mitochondrial Dysfunction & Ageing

� Mitochondrial dysfunction occurs with age & may be one of causes 

of neurodegenerative diseases

� Oxidative stress is involved in the pathology of aging and age-

related diseases at an early stage in its development

� The pathology is confirmed by decreased antioxidant defenses & 

increased oxidative damage

� Accumulation of mitochondrial DNA mutations, commonly identified 

in age-related diseases, induce impairments of mitochondrial 

complexes
� Mitochondrial complex I deficiency in PD

� Defective complex II & IV activity in ALS

� Decreased complex III activity in aged heart

� Impaired mitochondrial function causes a shortage of ATP supply, 
resulting in induction of further problems in biochemical pathways



Alternative Mechanisms following Energy Depletion

� Mitochondrial dysfunction, strenuous muscle activity, diseases, etc

� Alternative pathway to produce energy by

� Activated glycolysis & fermentation in the cytosol

� Plasma membrane redox system (PMRS)

� Regulation of the cellular redox homeostasis via maintenance of 

NAD+/NADH ratio, which can modulate Sir2/SIRT1 (e.g. calorie 

restriction (CR)

� Supplemented ubiquinol & CoQ, whose metabolism is altered in 

aged brain and Alzheimer’s disease, can protect mitochondria from 

oxidative stress



NADH-Quinone Oxidoreductase 1 (NQO1)

� 33 kDa FAD-containing 

homodimer

� Involved in the more efficient 

2-electron reduction using 

NAD(P)H in the PMRS, 

subsequently causing no 

formation of CoQ־�

� Largely a cytosolic protein & is 

translocated into the inner 

surface of the PM under 

oxidative stress

� Inhibited by dicoumarol

� Detoxifying enzyme induced 

by Nrf2 in association with 

ARE under stress conditions
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Simplified Plasma Membrane Redox System (PMRS)
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Schematic Diagram of the PMRS

Hyun et al. (2006) Ageing Res. Rev. 5: 209-220



PMRS & Sphingomyelin Signalling

Hyun et al. (2006) Ageing Res. Rev. 5: 209-220



Compensation Mechanisms in Response to
Impairment of Energy Metabolism

� Increased PMRS (e.g. DT-diaphorase) activity in lymphocytes from 

IDDM patients

� Enhanced glycolysis & PMRS activity in mitochondria-deficient cells 

(e.g. ρo cells)

� Elevated PMRS → Anti-ageing (e.g. CR)

� Declined PMRS → Progression of diseases (e.g. AD)

� Overexpressed PMRS → Cytoprotection





Hyun et al. (2007) J. Neurochem. 100: 1364-1374
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The Procedure for the Isolation of the PMs
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Calorie Restriction

• Undernutrition (NOT malnutrition) with reduced (20-40%) total 
energy intake

• Slows physiological aging in many systems
– up to 50% by CR from yeast and nematodes to rodents and monkeys

– Lower production of ROS & attenuate oxidative stress

• Life span extension is observed with diverse diet compositions as 
long as calories are reduced (e.g. Intermittent fasting)



Two General Mechanisms How CR Extends Life Span

� Calorie Less production of ROS � Ageing

� Calorie Altered cellular responses

(SIRT1, PPARγ, etc)

� Ageing

Mechanical

Regulated



Bordone & Guarente (2005)

CR, SIR2 & Metabolism in Yeasts

PNC1: pyraninamidase-1

NA: nicontinamidase
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Down-Regulation of NQO1

in Age-Related Diseases
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Overexpression or Kocking-Down of 

NQO1 & Cytoprotection



Hyun et al. (2011) AGE (in press)



Hyun et al. (2011) AGE (in press)



2-DG KCN

H2O2 Lactacystin Serum-free

Hyun et al. (2011) AGE (in press)



Hyun et al. (2011) AGE (in press)



Hyun et al. (2011) AGE (in press)



2-DG KCN

H2O2 Lactacystin Serum-free

Hyun et al. (2011) AGE (in press)



Conclusion

� A compensation mechanism (PMRS) is altered in response to 

mitochondrial dysfunction, CR & progression of AD

� Enhanced PMRS activity in mitochondria-deficient cells (e.g. ρo

cells)

� Elevated PMRS → Anti-ageing (e.g. CR)

� Declined PMRS → Progression of diseases (e.g. AD)

� Overall, our data support the growing view that enhanced 

PMRS is a key step in maintaining normal cellular function and 

delaying the ageing process
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