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Protein palmitoylation is the most common post-translational lipid modification. By
adding the 16-carbon saturated fatty acid to a protein, palmitoylation increases
hydrophobicity of the protein and regulates trafficking, localization, and function of the
protein. The unique reversibility of palmitoylation is thought to confer the
palmitoylation-depalmitoylation cycle on the protein and thereby dynamically regulate
the protein localization and function. The research on protein palmitoylation has been
recently accelerated since palmitoyl acyltransferases (PATs) were identified and many
palmitoyl-proteins, approximately 10% of all proteins, were isolated by proteomic
analyses. On the other hand, a limited number of palmitoyl-proteins that undergo
depalmitoylation have been reported, including PSD-95, H/N-Ras small GTPases, and
G-protein alpha subunits (Ga), and the physiological significance of depalmitoylation
is not yet fully understood. Recently, the laboratory I belong to reported a subset of o/p-
hydrolase fold domain (ABHD) enzymes, ABHDI17A, 17B, and 17C, as
depalmitoylating enzymes for PSD-95. The ABHD17 family proteins (ABHD17s) are
palmitoylated at the N-terminus and localized at the plasma membrane depending on
their palmitoylation. However, the physiological functions of ABHD17s are largely

unknown.

Here, I aimed to elucidate the physiological significance of depalmitoylation through

the functional characterization of mouse ABHD17s. Due to the difficulty in generating



specific ABHDI17B antibodies, I took advantage of knock-in (KI) mice in which
ABHD17B is tagged with enhanced green fluorescent protein (EGFP) at the C-terminus
(referred to as ABHD17B-EGFP KI mice). I confirmed that ABHD17B-EGFP is
functional as the membrane-bound, depalmitoylating enzyme in heterologous cells. I
attempted to identify substrate proteins for ABHD17s through the comprehensive
identification of ABHDI17B-interacting proteins in the mouse brain. I purified
ABHD17B-EGFP from KI mouse brains by immunoprecipitation using the GFP-trap
system and evaluated by silver staining that ABHD17B-EGFP and its interacting
proteins were specifically obtained. By label-free quantitative proteomic analyses using
liquid chromatography with tandem mass spectrometry, I identified 263 proteins that
specifically and reproducibly interact with ABHD17B-EGFP. In combination with the
palmitoyl-protein database analysis, I found that palmitoyl-proteins are enriched in the
ABHD17B-interactome as compared to the mouse brain proteome (58% of ABHD17B-
interactome vs. 18% of brain proteome), suggesting that the ABHD17B-interactome
includes novel substrates for ABHD17s. I also classified the function of ABHD17B-
interacting proteins by gene ontology (GO) enrichment analysis and found that sets of
proteins relevant to the biological processes involved in the G protein-coupled signaling
pathway and regulation of cAMP-mediated signaling are significantly enriched. Based
on these results, I selected 11 proteins as substrate candidates for ABHD17B, including
Gprinl which is considered to regulate G protein signaling and Pde2a3 which catalyzes
the hydrolysis of cAMP and ¢cGMP. To examine if these candidates are actually
palmitoylated in the mouse brain, I performed the acyl-biotin exchange (ABE) assay,
which is a commonly used method to detect protein palmitoylation. I found that 7 out
of 11 selected proteins, Gprinl, Pde2a3, Rap2a, Efr3b, M6a, Prrt2, and Atlastin-1, are
palmitoylated in the mouse brain. To investigate if ABHD17B depalmitoylates these
substrate candidates, I optimized and employed a metabolic labeling method coupled

with the click reaction between the alkyne palmitic-acid derivative, 17-octadecynoic



acid (17-ODYA), and the fluorescent azide. I found that 17-ODYA incorporated into
Gprinl, Pde2a3, Rap2a, and Efr3b is greatly reduced when ABHDI7B is co-
overexpressed in HEK293T cells. In addition, I found that HA-tagged Gprinl, Pde2a3,
Rap2a, and Efr3b are localized at the plasma membrane in COS7 cells and co-expression
of ABHD17B delocalizes these proteins from the plasma membrane to the cytoplasm.
Next, I investigated if endogenous substrate candidates are depalmitoylated by
overexpressed ABHD17B in cultured rat hippocampal neurons. The acyl-PEGyl
exchange gel shift (APEGS) assay, a quantitative detection method of protein
palmitoylation, revealed that all four substrate candidates, Gprinl, Pde2a3, Rap2a, and
Efr3a, a homologue of Efr3b, are highly palmitoylated in the steady-state of neurons
and depalmitoylated when ABHD17B 1is expressed using the adeno-associated virus
(AAV) system. To further examine if these candidates physiologically undergo
depalmitoylation, I treated neurons with 2-bromopalmitate (2-BP), an inhibitor of
palmitoylation to extract the depalmitoylation process, and performed the APEGS assay.
I found that endogenous Gprinl and Pde2a3, but not Rap2a and Efr3a, are constitutively
depalmitoylated in neurons. Importantly, when neurons were treated with ABD957, a
specific inhibitor of ABHD17s, I found that 2-BP-induced depalmitoylation of Gprinl
and Pde2a3 is significantly inhibited. These overall results indicate that Gprinl and

Pde2a3 are novel substrates for ABHD17s in rat hippocampal neurons.

In summary, I comprehensively identified ABHD17B-interacting proteins in the brain
and found that Gprinl and Pde2a3 are physiological substrates for ABHD17s in neurons.
I demonstrated evidence that Gprinl and Pde2a3 undergo the dynamic palmitoylation-
depalmitoylation cycle in neurons and that ABHDI17s are responsible for the
depalmitoylation process of Gprinl and Pde2a3 and regulate their localization. My
study will contribute to understanding of physiological significance of the ABHD17-

mediated depalmitoylation and palmitoylation-depalmitoylation cycle.
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