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Mitochondria




Decade of the mitochondria

Neurodegenerative

Disease \

Hepatobiology & Cardiovascular
In vitro toxicity

Legacies from Leland Clark

1953 - Clark Electrode

- End-point assay

- Single parameter

- Full user attention

- Low though-put

- High sample amount
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Cellular Bioenergetics for the 21st Century

Extracellular Flux (XF) Analyzers

Major Bioenergetics Pathway
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Disposable
probes

Measuring Oxygen Consumption Rate (OCR) and
Extracellular Acidification Rate (ECAR)
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Measuring Oxygen Consumption Rate (OCR) and

Extracellular Acidification Rate (ECAR)
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OCR (pmole/min)
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Quantifying Bioenergetics and Substrate Utilization

More Aerobic More Energy

: Uncoupler
. CuHgO, + 230, 4> 16CO, + 16H,0 + 129ATP
“HP HYATP =0.124, O,/JATP = 0.178
Palmitate Oxidation

4 C‘%leoe + 60, — 6CO, + 6H,0 + 38ATP
@a | HYATP = 0.200, O,/ATP = 0.158
S Glucose Oxidation

Less Energy More Glycolytic

Metabolic T
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Multiple Automatic Injection Ports Allows More

Conditions to be Assessed Per Experiment

4 or 2 Injection Ports/Well
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Mitochondrial Func

tion

Increased Physiolog

OCR vs TIME({Avg)

Oligomycin
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Nicholls Lab, Buck Inst., unpublished results 2008.




In Vitro Assessment of Mitochondrial Dysfunction and

Cytotoxicity as an indicator of potential toxicity
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Identifying compounds that cause oxidative stress

Drug Discov Today 2008; 13 (5-6):268-74
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All cells carry an energy reserve that determines how they

will handle an overload or chronic stress
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SOD/- shows dramatic decrease in respiratory capacity

3 independent +/+ mice preps 3 independent -/- mice preps
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Modeling stochastic neuron degeneration:

The bioenergetic ‘hundred year flood’
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Protein-HNE modifications are associated with loss of
mitochondrial function and cell death
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Spare respiratory capacity is an indicator of cell stress

Rat neonatal ventricular myocytes
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Mitochondria functional index

Basal respiration
— Drug toxicity and dose study
Oxo-pho efficiency
— ldentify toxicity mechanism
Photon leak
— Structure integrity
— Aging, mutation, oxidative stress and drug
Respiratory capacity- cellular stress
— Stress capacity
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Substrate Utilization
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Metformin Enhances FAO and Lowers Glucose Oxidation
in C2C12 Myotubes

Wu Poster; GRC Molecular and Cellular Bioenergetics, 2007.
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XF Assays can detect catabolism of exogenous and/Zor

endogenous substrates

Exerqi?e Faslting Metjcrmin C2C12 myoblasts
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Islet Capture Microplate

Cutaway of a Probe & Islet Capture Well
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Oxygen consumption of Mice islets

“Increase in oxygen consumption with glucose in islets and clonal beta cells;
but not in C2C12 myoblasts”

C2C12 myoblasts

Islets
OCR vs TIME
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OCR (pMolesimin)

Oxygen consumption of Human islets

“Response to glucose blunted in diabetic islets ”

Normal human islets Type 2 diabetic human islets

OCR vs TIME acr
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UESCEEE Shirihai Lab, BUMC, unpublished results 2009.




Substrate utilization

- Metabolic Disease

« Obesity
- Diabetes

- Metabolic regulator development

FHEsRI g

Energy Expenditure




The Connection Between Cancer and Glucose Metabolism

“The prime cause of cancer is the
replacement of the respiration of
oxygen in normal body cells by a

fermentation of sugar.”

Otto Warburg
1883 - 1970

Prolyl hydroxylase ——HI|F-10<

T | ™~

DMOG GLUT1 Mitochondrial
Glycolytic enzymes respiration

Modified from: Kelloft GJ et. Al. Clinical Cancer Research 2005 11(8), 2785

N ~ Yy
P;[[Nﬁl_':f' ?’JI:I }i & “Progress and Promise of FDG-PET Imaging for Cancer Patient Management

and Oncologic Drug Development.”

High Glycolytic Capacity and Impaired Oxidative
Phosphorylation in Tumor cells

S AM J Physiol Cell Physiol 2007; 292:C125-36.
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Basal rates of various cell types determined by type of

cell, media and environmental conditions
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Cell quality check of primary cardiomyocytes identifies

functional cells

Red = “healthy”
Blue = “not healthy”
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[J;Nﬁléf‘ #”ﬂi[ﬁ & Data courtesy of Craig Beeson, MUSC

ES cell quality check and differentiation study

Pluripotent Stem Cells

@ (Totpotent )

In vivo
fertilized egg

Highly glycolytic ;. ™ =%

embryo

Cultured
undifferentiated
stem cells |

Blastocyst

Blood cells

MNeural cells

Cardiac muscle
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Determining optimal cell culture conditions to mimic

appropriate biology

Day 7 C2C12 Myocytes Grown Under Different Conditions

Lean Model
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£ 300]
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2 200
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0 i

30 60 90 120 150
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o

* Insulin sensitive
» Good glucose utilization
» Very responsive to exogenous fat
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Obese Model

ocR

More | More Energetic
Aerobic

pMoles/min

& Vore Anaerobic

) C
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520

0 JD‘ 60 90 120 150
ECAR (mpH/min)

* Insulin insensitive

» Poor glucose utilization

» Low response to exogenous fat

Seahorse XF 96 analyzer
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sunmmary

- Mitochondrial functional index

— Basal respiration

— Oxo-pho efficiency

— Photon leak- structure integrity

— Respiratory capacity- cellular stress

- Substrate utilization
— Sugar, fat and amino acid

- Energy expenditure
— Aerobic or anaerobic pathway

— AL e
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“Measuring mitochondrial
function is so easy now” g
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