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            Abstract
Mitochondrial redox signals have a central role in neuronal physiology and disease. Here we describe a new optical approach to measure fast redox signals with single-organelle resolution in living mice that express genetically encoded redox biosensors in their neuronal mitochondria. Moreover, we demonstrate how parallel measurements with several biosensors can integrate these redox signals into a comprehensive characterization of mitochondrial function. This approach revealed that axonal mitochondria undergo spontaneous 'contractions' that are accompanied by reversible redox changes. These contractions are amplified by neuronal activity and acute or chronic neuronal insults. Multiparametric imaging reveals that contractions constitute respiratory chain–dependent episodes of depolarization coinciding with matrix alkalinization, followed by uncoupling. In contrast, permanent mitochondrial damage after spinal cord injury depends on calcium influx and mitochondrial permeability transition. Thus, our approach allows us to identify heterogeneity among physiological and pathological redox signals, correlate such signals to functional and structural organelle dynamics and dissect the underlying mechanisms.
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                    Figure 1: Thy1-mito-Grx1-roGFP2 mice allow quantification of the mitochondrial glutathione redox potential in situ.[image: ]


Figure 2: Mitochondria undergo spontaneous, reversible contractions.[image: ]


Figure 3: Mitochondrial contractions occur in response to physiological and pathological stressors.[image: ]


Figure 4: Axotomy induces spreading mitochondrial oxidation and structural alterations caused by the influx of extracellular calcium.[image: ]
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Parallel imaging of mitochondrial dynamics and glutathione redox potential.
Mitochondrial movement and glutathione redox potential are shown in the 488-nm channel (top) and as pseudocolor-coded R/RDTT (bottom) in a triangularis sterni explant of a Thy1-mito-Grx1-roGFP2 mouse. A mitochondrial contraction is indicated by the white arrow. (AVI 2613 kb)


Mitochondrial contraction and redox changes.
Changes of mitochondrial morphology (top, 488-nm channel) and glutathione redox potential (bottom, R/R0) during a mitochondrial contraction in a triangularis sterni explant of a Thy1-mito-Grx1-roGFP2 mouse. Long mitochondria have a 'pearl on a string'-like appearance during contractions. (AVI 5395 kb)


Mitochondrial contraction and pH changes.
Changes of mitochondrial morphology (top, 408-nm channel) and pH (bottom, R/R0) during a mitochondrial contraction (arrow) in a triangularis sterni explant of a wild-type mouse injected with rAAV-mito-SypHer. (AVI 3071 kb)


Laser axotomy of a peripheral axon in a Thy1-mito-Grx1-roGFP2 mouse.
Three parallel running axons in a triangularis explant of a Thy1-mito-Grx1-roGFP2 mouse. A laser lesion is induced in the middle axon, followed by spreading mitochondrial shape changes (top, 488-nm channel) and oxidation (bottom, R/R0). The muscle twitches when the lesion is induced. (AVI 6061 kb)


Calcium influx into mitochondria after peripheral laser axotomy.
Induction of a laser lesion in a triangularis sterni explant derived from a Thy1-mitoTagRFP-t mouse injected with rAAV-mito-GCaMP3. The lesion induces spreading mitochondrial shape changes (top, 550-nm channel) and the uptake of calcium into mitochondria (bottom, R/R0). (AVI 3354 kb)


Laser axotomy of a central axon in the spinal cord of a Thy1-mito-Grx1-roGFP2 mouse.
In vivo time-lapse of mitochondrial shape changes (top, 488-nm channel) and oxidation (bottom, R/R0) after laser axotomy in the spinal cord of a Thy1-mito-Grx1-roGFP2 mouse. (AVI 3219 kb)


In vivo time-lapse of axonal calcium influx following laser axotomy in the spinal cord of a Thy1-TN-XXL mouse.
Top channel shows YFP only, bottom R/R0. (AVI 3638 kb)
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