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Workshop in: Mitochondrial function and metabolic diseases

Mitochondrial structure-function relationships
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Mitochondrial structure is diverse
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Mitochondrial structure is dynamic

Mouse myoblasts

DYNAMICS: Motility — Structure — Position — Matrix



Concept of research
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Fragmented

Consequences




Mitochondrial dynamics is regulated by
multifunctional fusion and fission proteins

Filamentous Fragmented

» Apoptosis (Drpl, OPAL, hFisl, Mfn2)
 ER morphology (Mfn2) # e Cell survival

 ER mitochondria communication (Mfn2) » Ca’* and ATP handling
» Peroxisome fission (hFis1, Drpl) « Metabolism
* OXPHOS expression (Mfn2)




Mitochondrial and cellular metabolism is
sustained by the respiratory chain '
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Complex | : structure and function
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Complex | assembly requires
multiple assembly chaperones
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Complex | expression and activity:
reduced in patient fibroblasts

@ Control cells
@ Patient cells with known Cl mutation
@ Patient cells without known mutation
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Human complex | deficiency:
Ay Is depolarized
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Human complex | deficiency:
NAD(P)H levels are elevated
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Measurement of cellular ROS using
CM-H,DCFDA

CM-H,DCFDA == CM-H,DCFDA — CM-H,DCF

hydrolysis

— | oxidation >
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15 pm
Koopman et al., 2006
Koopman et al., 2007, AJP Cell Phys., 2007



Human complex | deficiency:
Reactive oxygen species levels are elevated

Rate of formation (% of Ct5120)
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Mitochondria-ER Ca?* handling
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Cytosolic calcium handling
In human skin fibroblasts: Fura-2 '
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iciency

Human complex | def
Ca?* and ATP handling are disturbed
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Human complex | deficiency:
Key cellular consequences

(I) Less fully-assembled and active complex | protein

(1) Depolarized mitochondrial membrane potential

(111 Increased NAD(P)H and ROS levels

(IV) Altered cellular and mitochondrial ATP/Ca?* handling

. -

Q1: How does this relate to mitochondrial morphology?
Q2: Can complex | deficiency be mitigated?




Visualizing mitochondrial structure
with fluorescent proteins and cations
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Complex | deficient patient cell lines:
Different mitochondrial morphologies
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Complex | deficient patient cell lines:
Two ‘types’ of mitochondrial morphologies

Mitochondrial complexity (% of control)

Patient: fragmented Control Patient: Filamentous
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Koopman et al., 2007, AJP Cell Phys. (in press)



Mitochondrial morphology correlates
with residual complex | activity
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Mitochondrial complexity (% of control)
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Koopman et al., 2007, AJP Cell Phys. (in press)



A ‘good’ mitochondrial structure relates
to better mitochondrial function and less ROS

Patient: fragmented Control Patient: Filamentous
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The number of mitochondria per cell
relates to mitochondrial Ca2*/ATP handling

Peak ATPMito(% of CT5120)
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Cell biological consequences
of human complex | deficiency
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Mitochondria become more branched
In Parkinson’s disease and HIBM
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