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Outline

• how parameters of mitochondrial bioenergetics 
can be measured

• integrate with biology

• integrate with metabolomics

The Mitochondrial Electron 
Transport Chain
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Oxygen
Consumption Rate 

(OCR)

=
Mitochondrial
Respiration

Extracellular
Acidification Rate  

(ECAR)

=
Glycolysis

Measuring Mitochondrial Function
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Measuring Mitochondrial Function in Cells
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Letting the cell drive its own mitochondria
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Comparing Mitochondrial Activity to Cellular
Bioenergetics
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Mitochondria Cellular Bioenergetics

The energy profile represents a fundamental 
bioenergetic program
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Differentiation changes cellular bioenergetics

OCR: Oxygen consumption rate
Schneider et al FRBM 2011

Inhibition of mitochondrial function induces 
compensatory upregulation of glycolysis
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Bernard et al JBC 2015
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Metabolic Switch In Platelets

Data represented as mean±SEM. n=3. One-way ANOVA, Post-hoc tukey test.
* p<0.01 different from Ctrl
# p<0.01 different from Thrombin Ravi, S et.al. 2015. Plos One. 10(4):e0123597 

Integration with Metabolomics

Thrombin 

Slatter et al Cell Metabolism 2016
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Mitochondrial Quality Control and Autophagy 

LC3‐IILC3I
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Initiation Elongation Fusion

Lysosome

CQ
Baf

3MA GABARAPL1

 GSH

 Proliferation

GABARAPL1 KO

 ATP

 TMRM
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 VDAC1

 Basal OCR

Autophagy
flux 

Mitochondria 
number

mtDNA
damage

 Resistance to HNE‐
induced cell death

 HNE‐protein 
adducts

 Lysosome number
 LAMP1

 ROS ?

Downregulation of autophagy
reprograms redox tone and bioenergetic health in cancer cells

Boyer‐Guittaut et al 2014
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Autophagy inhibition suppresses complexes I and II 
activities in permeabilized primary neurons

Redmann et al Redox Biology 2017
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Comprehensive Mitochondrial 
Assessment

Assessing 
autophagy 

and 
mitophagy

Metabolomics
Mass spectrometry

LC3‐II Western blot

Imaging LC3 puncta 

TCA

Glycolysis

Bioenergetic 
Assessment

Seahorse XF analyzer

Intact cells

Permeabilized cells

Glutaminolysis

mtDNA and protein Damage

Mitochondria 
morphology

Imaging MT/LT colocalization

Imaging of Fragmentation

Mitochondrial mass ‐ mtDNA copy

Mitochondrial mass ‐ protein levels

Assessing 
mitochondrial 
bioenergetic 
function

Autophagy

Mitophagy

Mitochondrial
Network

Assessing 
metabolism

Redmann et al Redox Biology 2018
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Redmann et al. Redox Biology 2017
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No change of mitochondrial mass but 
significant increase of mitochondrial DNA 
damage in response to autophagy inhibition
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Redmann et al. Redox Biology 2017
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Integration with Metabolomics
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Screening for Drugs
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Energy mapping of leukocyte and platelets

0

1

2

3

4

5

6

7

8

9

10

0 1 2 3 4 5 6

O
C

R
 (

p
m

o
le

s/
m

in
/µ

g
 p

ro
te

in
)

ECAR (mpH/min/µg protein)

Lymph

Plt

Mono

Neutro

Highly Energetic

Glycolytic

Oxidative

Low 
Energy

• PBMCs are a mixed population with different metabolic programs

Mitochondrial defect in patients
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Anthony Molina: Wake Forest School of Medicine
Redox Biology, 2016

Skeletal Muscle
Fibers

Skeletal Muscle
Mitochondria

Monocyte energetics vs skeletal muscle 
(vastus lateralis)
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