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The objective of this research is to understand the energy expenditure and
metabolic sources of chain migrating neurons, using the migrating precerebellar neurons in mouse
hindbrain as a model. Based on our previous RNA-seq experiment, we hypothesized that a switch of
metabolic pathways might affect neurons’ transition from migratory to stationary phases. To test
this hypothesis, we generated a mouse line knocked out of the estrogen related receptor gamma
(Esrrg) gene. Esrrg had previously been suggested to mediate the switch from glycolysis to OXPHOS.
We found that a significant number of precerebellar neurons appeared to over-migrate, failing to
terminate in ventral hindbrains, which supports our hypothesis. A second line of research was to
measure the energy status of migrating neurons using a fluorescence ATP sensor. However, progress
has been hampered by technical difficulties causing us to change the type of ATP sensor recently.
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Very little is known about the nature and roles of cellular metabolism during
neural development, particularly in neuronal migration. In recent years, it has been
shown that cellular metabolism and energy adapt to cellular demands at high spatial-
tempora resolutions and metabolic pathways could play instructive roles in cellular
processes. Our previous RNA-seq experiment comparing transcriptomes of chain
migrating versus migration-terminated mouse precerebellar neurons revealed an up-
regulation of oxidative phosphorylation (OXPHOS) related genesin the latter population.
This finding promoted us to hypothesize that a switch of metabolic pathway might

regul ate the termination phase of neurona migration.

The objective of this research isto reveal the roles and nature of cellular energy

and metabolic pathways in the transition of neurons from migration to termination.

Two approaches were proposed. (1) To visualize the energy status of chain
migrating neurons, a fluorescent energy sensor (ATP sensory) will be introduced into
mouse precerebellar neurons. The chain migration of these neurons will be replicated in
an in vitro 3D culture system with which the energy expenditure of migrating neuronsin
a chain will be imaged. (2) To test if switch of metabolic pathways has a role in the
process of termination of precerebellar neuronal migration, genes that are upregulated
during the termination and are known to regulate metabolic switch will be chosen and
mouse mutants deficient in these genes will be generated for functional analysis of arole

of metabolic switch in migration termination.

With respect to approach (1) described above, we have successfully established
an in vitro 3D culture system in which chain migration of precerebellar neurons can be
successfully followed over at least 24-48 hours. We tested a FRET based ATP sensor,
ATeam1.03 by introducing the DNA construct encoding this ATP sensor into the
precerebellar neurons by in utero electroporation. While the sensor was expressed in
the cytoplasms of the migrating preecerebellar neurons and FRET signals could be
detected on fixed cells, we encountered technical difficulties in detecting reliable FRET



signals on living migrating cells in 3D-matrix. Due to this technical obstacle, we
decided to switch to a newly developed single wavelength ATP sensor iATPSnFR1.0
which isbeing currently tested.

With respect to approach (2) described above, we first carefully examined the
differentialy expressed genes identified from our previous RNA-seq experiment. We
found that the estrogen related receptor gamma gene (Esrrg) is up-regulated in
precerebellar neurons that have undergone migration-termination. Esrrg has been
shown in previous studiesto control the transition from glycolysisto OXPHOS metabolic
pathway during heart development (Alaynick et al., 2007, Cell Metabolism), serving asa
transcription factor that directly or indirectly regulate a nuclear-encoded mitochondrial
genetic network. We chose to focus on Esrrg and successfully generated an Esrrg
knockout mouse line. We then analyzed the development of precerebellar neurons in
this mutant mouse line.  While the tangential migration of two precerebellar neuronal
types, namely the lateral reticular neurons (LRN) and external cuneate neurons (ECN),
appear normal, their termination into their final destinations appear disrupted. Both
neuronal groups appear to fail to stop migration in the superficial destination locations.
Instead, they continued migration dorsally into deeper hindbrain parenchyma (see Figure
below). Furthermore, they do not form aggregated clusters after migration asin thewild
type but take on a dispersed existence. Our results lend support to our hypothesis that
switch of metabolic pathways may regul ate the precise termination of neurona migration.
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Figure 1: The Schematics on the top panel show the hindbrain sections from the caudal
to rostral direction containing the LRN neurons (yellow) asin thewild type scenario. The
LRN neurons originate from the dorsal tip of a hindbrain and migrate tangentially across
the midline to settlein these contralateral final destinations. The mid- and bottom- panels
show hindbrain sections stained with a marker for LRN, from the WT (wild type) and the
KO (knock out) samples, respectively.

Figure 2

Figure 2: The Schematics on the top panel show the hindbrain sections from the caudal
torostral direction containing the ECN neurons (yellow) asin the wild type scenario. The
ECN neurons originate from the dorsal tip of a hindbrain and migrate tangentially across
the midline to settlein these contralateral final destinations. The mid- and bottom- panels
show hindbrain sections stained with a marker for ECN, from the WT (wild type) and the
KO (knock out) samples, respectively.
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