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By & U7o - MR A EE S o T (Regulatory mechanisms of brain and
neuronal functions revealed through comprehensive identification of mRNAs localized
to dendrites by RNG105 (Caprinl))

Spatiotemporal translational regulation plays important roles in increasing local
concentrations of specific proteins to exert their functions at specific timing and
location in cells. In neurons, specific mRNAs are recruited to RNA granules, membrane-
less RNA-protein assemblies, to be transported to dendrites and locally translated
around excitatory postsynapses (also called as spines) in response to synaptic inputs.
This regulatory system, called “local translation”, is responsible for synaptic
potentiation, which is believed to be the basis of learning and memory. However, it is
not fully understood whether RNA granule components play roles in dendritic mRNA
localization in vivo and impact on higher-order brain and mental functions.

In this study, I focused on one of the RNA-binding proteins in RNA granules,
RNA granule protein 105 (RNG105, also known as Caprinl). RNG105 is responsible
for the dendritic transport of its binding mRNAs in primary cultured neurons in vitro,
and is required for the formation of long-term memory, which was revealed by
behavioral analyses of RNG105 conditional knockout (¢cKO) mice in which the Rngl05
gene had been deleted in the cerebrum and hippocampus after birth. However, it remains
unknown whether RNG105 is responsible for the dendritic localization of mRNA in vivo,
and if so, what kind of mRNA is localized to dendrites by RNG105 and how RNG105
impacts on long-term memory through regulating the dendritic mRNA localization.
Another question is whether RNG105 is associated with neurodevelopmental and mental

disorders: Rngl05 heterozygous nonsense de novo mutation was found in an autism



spectrum disorder (ASD) patient, but causal relationship between RNG105 deficiency
and ASD-like behavior is unknown. In this study, I conducted comprehensive behavioral
analysis of RNG105 heterozygous knockout (Rngl05") mice to reveal the influence of
RNG105 deficiency on brain and mental functions. Furthermore, I comprehensively
analyzed the somato-dendritic mRNA distribution in the hippocampus of RNG105 ¢cKO
mice to reveal the underlying mechanism of the ASD-like behavior and impaired long-
term memory formation in RNG105-deficient mice. The mRNA distribution analysis
identified a new panel of dendritic mRNAs for ADP-ribosylation factor (Arf) regulators,
which provided a new insight into the mechanism of synapse formation and plasticity
regulated through dendritic mRNA localization.

In Chapter I, Rngl05*"- mice were subjected to a comprehensive behavioral test
battery. Rngl05*" mice exhibited reduced sociality in a home cage and reduced
preference for social novelty. Consistently, Rngl05*" mice showed reduced preference
for novel objects and novel place patters. Moreover, although Rngl05% mice exhibited
normal memory acquisition, they tended to have relative difficulty in reversal learning
in spatial reference tasks. These findings suggested that RNGI105 heterozygous
knockout leads to a reduction in sociality, response to novelty and flexibility in learning,
which are implicated in ASD-like behaviors.

In Chapter II, genome-wide profiling of mRNA distribution in the hippocampus
was conducted by dissecting somatic and dendritic layers followed by RNA-seq analysis.
Although control mice showed asymmetric somato-dendritic localization of mRNA in
the hippocampus, this asymmetric distribution pattern was impaired by RNG105 cKO.
Particularly, RNG105 cKO reduced the dendritic localization of mRNAs encoding
regulators of AMPA receptor (AMPAR) cell surface expression. Consistent with this,
RNG105 knockout in neurons reduced surface AMPARs and attenuated homeostatic
AMPAR scaling in dendrites. These results suggested that RNG105 is required for

synaptic potentiation such as AMPAR surface expression, which is considered to be an



underlying mechanism of ASD-like behavior and the loss of long-term memory in
RNG105-deficient mice.

In Chapter III, I focused on a panel of mRNAs for Arf GEFs and GAPs, which
had been identified as mRNAs enriched in dendrites in an RNG105-dependent manner.
mRNA localization analysis using MS2 system in cultured neurons demonstrated that
the Arf GEF and GAP mRNAs were localized to dendrites in a depolarization
stimulation-independent and dependent manner, respectively. Furthermore, knockdown
experiments demonstrated that the Arf GEFs and GAPs were classified into two groups:
one group consisted of positive regulators of spine maturation and AMPAR surface
expression, and the other consisted of negative regulators of immature spine formation.
These results suggested that Arf GEFs and GAPs play important roles in tuning spine
formation, maturation, and AMPAR surface expression through their mRNAs being
localized to dendrites at specific timing.

In conclusion, this study demonstrated that RNG105 plays key roles in the
dendritic localization of mRNAs in vivo, which is considered to impact on the higher-
order brain and mental functions through regulating the surface expression and
homeostatic scaling of AMPARs. In addition, this study has provided a novel insight
into the regulatory mechanism of AMPAR surface expression and synaptic plasticity

through localizing a set of Arf regulator mRNAs to dendrites.
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