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Cellular and behavioral functions of 4r/8bh gene revealed by targeted genome editing

ADP-ribosylation factor-like GTPase 8b (Arl8b) is a small GTPase which is
primarﬂy localized to lysosomes. Arl8b is known to be a key regulator for lysosome
positioning. In mammalian cultured cell lines, Arl8b knockdown and overexpression
induced the distribution of lysosomes in the perinuclear area and the cell peripheral
area, respectively. Arl8b-mediated lysosomal positioning is closely related to nutrient
state-dependent autophagy. As these previous studies have been conducted only on
particular cell lines, we do not know whether the phenotypic effects of Arl8b in
lysosomal functions are general in primary cells. In addition, A#/8b has been previously
identified as one of the candidate genes underlying a variation in locomotor activity
between a laboratory strain C57BL/6J (B6) and a wild-derived mouse strain MSM/MS
(MSM). Although previous studies using Arl8b knockout mice showed that Arl8b is
important for survival, degradation of maternal protein, and embryonic development,
the functions of Arl8b in mouse behavior are still unknown.

In chapter 1, I examined the roles of Arl8b in lysosomal positioning in primary
cells, mouse embryonic fibroblasts (MEFs). Using the CRISPR-Cas9 gene editing
technique, I generated four types of Ari8h gene-edited mutant mouse: Ar/8bh gene
knockout (47/85-KO), a mutant that has a 9-base pair deletion in the coding region of
Ari8b gene (A4ri86“%), GTP-bound form mutant (4r/8597°L), and GDP-bound form
mutant (4r18573*N). Ari8h"° mutant was obtained by chance and its three amino acids

deletion was located near an effector domain that interacts with motor proteins. First, I



investigated whether lysosomal positioning is changed depending on nutritional states.
In MEFs from wild-type (WT) mice, fetal bovine serum starvation induced perinuclear
clustering of lysosomes whereas nutritional recovery restored lysosome distribution to
the cell periphery. Next, comparison among MEFs from the four types of Arl8b mutant
and WT mice showed that lysosomal positioning was not different among genotypes
under normal condition or starvation. However, a delay of a response to nutritional
recovery was observed in MEFs from Arl854°4% and Ari8b"3*¥/ 734N mice compared to
the WT MEFs, while the Ari8p97°1/C75L MEFs were similar to the WT MEFs. This
suggests that lysosome positioning in response to nutrient recovery requires Arl8b
function. Also, the sequence of the three amino acids deleted in 47/86%° mutants may
be important for proper Arl8b functions although these three amino acids are not located
in GTP-binding domains.

In chapter 2, I investigated behavioral effects of Arl8b by using the 4rI8b gene-
edited mice. First, I examined whether the expression level of Ar/8b is different between
MSM and B6. MSM, which shows higher home-cage activity than B6, had higher
expression levels of Ar/8b gene in the striatum and cerebellum than B6. Next, before
performing behavioral analyses, I checked the genotypes of the embryos and the
newborn mice and found that homozygotes for 4r/8b-KO, Ari8h?° and Ari8h™*N died
around birth, suggesting that Arl8b in its GTP-bound form is required for perinatal
survival. Finally, behavioral tests of the Arl8b mutants were performed to measure the
locomotor activity and anxiety-related behaviors. 47I8b" and Ari8b 27°F /975 did not
show any difference from their WT littermates in any measurements. Ar7/85"4° mouse
showed higher activity in the early phase of the dark period in the home-cage activity
test. Also, Arl8h"4’ mouse showed significantly higher locomotor activity than WT in
the open-field test and the light and dark box test. No statistically significant difference
was detected between Ari86*73?Y mice and their WT littermates, but there was a

tendency of 4rI18b™"3*Y mice increasing their locomotion activity in the open-field test.



In conclusion, I generated Ari8bh gene-edited mutant mice and found that Arl8b
function is important for lysosome positioning in response to the recovery of nutrition
in primary cells. The three amino acids that are located near the effector domain may
be important for Arl8b functions. Finally, my behavioral observations demonstrated that

Arl8b might be an important regulator for the locomotor activity.
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ADP-ribosylation factor-like GTPase 8b (Arl8b)id., LT 4 VYV —LICF/ET HIE
57 F & GTPase ThH oD, TNETOMIEAFROMEKEZ AW T, Arl8b OFEM %
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IEEEXRBELEST X (FA¥9) BDBRIZBONLZILLDL, ZOFALE 972
fiEATIZ v 2,

ET. AR ARG L~ v AEHEHRMEIEME (MEF) 2B W T, Mgz
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TDTA Y —ADRBIEIZ Arl8b BT 5 Z &, RIS O EEHIIZ Arl8b 23 H S
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