


Mitochondrial m-AAA metalloproteases
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AFG3L2

AFG3L2
paraplegin

Protein quality control in the inner membrane

Chaperone-like activity on respiratory chain complexes

matrix



m-AAA proteases and human diseases
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Hereditary Spastic Paraplegias

Progressive lower limb spasticity 
and weakness

Axonal degenerationAxonal degeneration

Dysfunctional mitochondria in the 
periphery  (synapse)



Paraplegin-deficient (Spg7-/-) mouse

 Mild and slowly progressive neurological phenotype

 Distal axonopathy (swelling and degeneration of spinal and
peripheral axons)

Spinal cord, 15 months

 Mitochondrial morphological abnormalities in synaptic terminals

 No alteration in ATP production

Spinal cord, 5 months





mPTP in low/high 
conductance modes

(pressure cooker model)

mPTP high conductance 
permanent opening PTP flickering



mPTP opening/closing states

OMM

 Cyp D
 Ca2+

 ROS
 Pi
 Bz423

close

IMM

OMM

open
 Mg2+

 Cyclosporin A
 NIM811 



Persistent opening of the MPTP 
produces osmotic dysregulation of the 
inner mitochondrial membrane, OXPHOS 
uncoupling and cell death
Intermittent fast opening and closing of 

mPTP in neurons

Intermittent fast opening and closing of 
the pore is essential for mitochondrial 
homeostasis, to finely control intra-
matrix concentration of Ca2+ and ROS 
Calcium at synapse is essential for 

vesicle dynamics and membrane 
potential



mPTP flickering on movie



Computing flickering events
Flickering parameters
(movie analysis by home-made macro in Fiji sw)

Total TMRM (total difference between two 
consecutive frames)

Max TMRM peak (single event)
Frequency of events
Total flickering area

y

x

High

Low

Total flickering area



SPG7 mPTP defect can be 
rescued by treatment with 
the mPTP activator Bz-423

control

SPG7 mutant fb

SPG7 mutant fb + Bz-423

total TMRM 

Bz-423

binds to the OSCP subunit (same as 
CypD) of the FoF1-ATP synthase and 
modulates its catalytic activities.

flick-mito area



Bz423 rescues the SPG7 motor impairment



The proposed mechanism of SPG7 
defective synaptic transmission

Full synaptic
vesicles

Empty synaptic
vesicles

Neurotransmitter Ca2+
Ac.ROSMisfolded proteins Acetyl groupDegraded

Situin3
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