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Abstract PPT1 KO results in changes to the synaptic palmitome

Palmitoyl protein thioesterase 1 (PPT1) encodes a depalmitoylating enzyme which participates in A. Proteome B. Palmitome
the dynamic lipid modification of proteins. Palmitoylation is the covalent attachment of a 16-carbon 4506 337
fatty acid chain to cysteine residues on proteins. Palmitate groups are attached to proteins by 05—

protein acyl transferases, and removed by protein thioesterases, such as PPT1. In neurons, PPT1 55_ 1 8%’88 236_ 1 378
iIs enriched at synapses, and its dysfunction leads to aberrant increases in palmitoylation and 107= <143
synaptic vesicle trafficking deficits. Loss of function mutations in the human PPT1 gene (also /84

Proteome Palmitome

known as CLN1) cause Neuronal ceroid lipofuscinosis (NCL) a genetically inherited 366 5
neurodegenerative disease with lysosomal pathology. The severity of the CLN1 mutations is 10 .
correlated with the age of disease onset as well as its progression, with a total loss of PPT1 activity 8: : n=10

leading to infantile NCL. Despite a clear role for palmitoylation dynamics in neurodegenerative —
disease, the repertoire of PPT1 substrates are unknown, creating a knowledge deficit in our g

understanding of NCL and potential therapies. To identify PPT1 substrates, we purified ©

palmitoylated proteins from wild type and PPT1 knockout (KO) synaptosomes and compared the ? ]
palmitomes using Label Free Quantification-Mass Spectroscopy. We identified putative PPT1 \% ;?,’.‘ .
substrates as proteins whose levels of palmitoylation are increased in the KO and validated select —

substrates using orthologous methods. We also mapped and characterized the synaptic pathways O)

most affected by PPT1 KO. Our results reveal the critical roles PPT1 plays in synapse function, and i?

protein palmitoylation deficits in NCL. Our results are broadly relevant to other neurodegenerative |

diseases where aberrant palmitoylation has been noted. -1.0 0.5 \(}b 0 ‘\(}b 0.5 1.0
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Pal;r?]:jtoy:.eltlo?h |ts at (ljlyrlsmlc pcl)st-ttrat?sler\]tlona: J(')L/\/\NW\/\ D. n=1 OAé_ n=4 E. -|091O(p-Value) Figure 1. Acyl RAC successfully identifies PPT1 substrates.
modification that entalls .e cova ?n atlac _men CoA 10 5 0 5 10 15 (A) Venn diagram of synaptic proteome experiments, which
of a 16-Car.bon faity ?C'd chain to typically Palmitoy! , , , , , contain 1817 common proteins. Volcano plot of common
Cystelne.re3|dues. Palmitate groups are added palmitoylation Transferase ~~~ 3- ) proteins from 3 biological replicates depicts that only 10
by pglmltoyl ransferrases such as the DHHC - _ proteins exhibit significantly increased (Red; p<0.05, fold
proteins and a.re removed by thlc.)eSterase.S such @) E . CATD Signaling by Rho | GABA receptor signaling change>1.5) expression in KO. Synaptosomes were
as P_PT1’ _WhICh cleave the thloesterlllnkage. “SH \SJ‘L/\/W\/\/\/\ O 2 Family GTPases prepared from the cortices of 2 mice and run in technical
Paimitoylation allows proteins t.o ass_ocnate with Imitovlati ' 5 . triplicate (n=3). These data are the average of common hits.
membranes, however depalmitoylation may be W o SIEIRER . . Qo L
_ , Thioesterase ) o - ASAH1 Clathrin-mediated | CREB signaling in (B) Synaptic palmitome exhibits significant decreases
required for lysosomal degradation. M E A $ PP @ endocytosis signaling | neurons O ( ) in palmitoylation of 5 proteins and significant
Neuronal ceroid IiJgofuscinoses CoA _9 % 1.5 fold g D increases in palmitoylation of 214 proteins. Proteins with
Neuronal ceroid lipofuscinoses are a family of hereditary lysosomal storage disorders é ' 9  Germ Cell-serotli Cell | Synaptic long-term g significantly increased palmitoylation in 3 experiments will be
characterized by the accumulation of the autofluorescent pigment lipofuscin in the lysosomes. T . | | | | O junction signaling | depression o) considered putative PPT1 substrates. (C) Comparison of
These lysosomal accumulations also contain highly lipidated peptides. N -0.5 05 10 15 20 o CBD protein levels for proteins present in n=3 experiments. Each
Loss-of function mutations in PPT1 are associated with infantile NCL, an autosomal recessive \C/\I 1.5 fold Huntington’s disease | Ephrin B signaling row represents the KO/W_T ratio for an.quduaI .proteln "
form with rapid progression. The average lifespan of INCL patients is 9-11 years. 87 - signaling Lhrce)te?rzoltee\?erlnseinVSK.O/F\):II'Ir'm\tA(/):i}: Red :23:2:::2 ng[:::j
PPT1 Synaptophysin Merge S _ protein levels. Of particular interest are proteins that exhibit
| ‘\O\ Rhoft Signaiing (Saisneatﬁngamma Increases in the palmitome but are not enriched in the
"2- y\b 004 017 proteome. (D) Direct comparison of protein expression and
' 0. palmitoylation experiments for proteins present in n=3
|09 Z(PrOteome KO/VVT) Pathway Ratio experiments. indicates the subset of proteins
(n=109) with increased palmitoylation and decreased or
unchanged expression in KO/WT, suggesting that they are PPT1 substrates. indicates the subset of proteins (n=4) with significant increases in both protein

expression and palmitoylation in KO/WT, suggesting that these are PPT1 substrates whose degradation may be regulated by palmitoylation status. (E) Ingenuity pathway
analysis of proteome and palmitome data identify pathways most significantly impacted by PPT1 KO. P-value indicates the significance between identified proteins and

pathways. Ratio represents the change in that pathway’s regulation with indicating less change and Purple representing greater change.
Table 1. Subset of the 214 proteins identified as ~ Accession Description KO/WT p-value
putative PPT1 substrates that will be validated LRTM2* Leucine-rich repeat and transmembrane domain-containing protein 2  18.450 0.0273
using orthologous methods. Once validated,  SATT” Neutral amino acid transporter A 8.375 0.0440
we will assess localization changes of PPT1 ITM2B* Integral membrane protein 2B 6.760 0.0071
substrates without transmembrane domains VPS29 Vacuolar protein sorting-associated protein 29 6.603 0.0403
(transmembrane domain indicated by asterisk) AT1B2* Sodium/potassium-transporting ATPase subunit beta-2 92.414 0.0177
in PPT1 KO vs WT neurons by fractionation. GBRG2*  Gamma-aminobutyric acid receptor subunit gamma-2 5.310  0.0353
Notably, proteins involved in GABA receptor GPMG6A* Neuronal membrane glycoprotein M6-a 2 1IN0 GU6S
signaling (GBRG2) are identified as putative CATD Cathepsin D : : : 4.751 0.0038
PPT1 substrates. GABA receptor signaling was RMD3* Regulator of microtubule dynamics protein 3 4494  0.0453
—— dentified by In énuit Pathway analvsis as the DNJC5 DnaJ homolog subfamily C member 5 4358 0.0109
A Scheme for identification of PPT1 st o i/ } g o y N PI);T1 Kyo T SYUA Alpha_synuclein 4 021 0.0497
F; t - substrates. (A) WT and PPT1 KO Cl)s 'ta ecte pla way | VS VAMP1*  Vesicle-associated membrane protein 1 4005 0.0172
er T’(F’me La t:nll Fome synaptosomes were assessed to | PaIMIOME SaMpIes. * indicates known transmembrane domain
aber-rree abe-rTee | determine baseline protein levels
Quantification Quantification (prot ) 4 mitovlated
Mass Spec. Mass Spec. | (proteome) and palmitoylate - -
i IR protein levels (palmitome) FUture DlreCthnS ACknOWIGdgementS
PPT1 KO following Acyl Resin-Assisted | We plan to validate hits from Acyl-RAC analysis by incubation of synaptosomes with purified PPT1 followed | We would like to thank Wilhemina
Capture (Acyl-RAC). (B) | by Acyl-RAC to assess whether PPT1 itself is able to depalmitoylate putative substrates. As palmitoylation is | Koomson for initial experiments. This
B. 0 Palmitic Acid N N ACyl-.RAC s a method.to isolate | an activity-dependent modification, we will also stimulate neurons prior to Acyl RAC to identify substrates | work was funded by: NIH 1RO1
HO)LN\N\N\/\ OC Acyl-RAC | c— >LFQ pa.lmltoylated proteins  on | whose depalmitoylation by PPT1 is activity dependent. NS083846, NIH 1R21 NS094971, the  National Instiutes
Thiopropyl-Sepharose T o mnn S thlopropyl. sepharosg beads. | \ve also plan to screen PPT1 substrates for consensus sequences that may be recognized by PPT1. Yale Gruber science fellowship and the \
beads X’SS' S Eﬁ‘ Levels of isolated proteins can be | | | | L _ NIDA Neuroproteomic center NIH >
quantified to assess palmitome | Finally, we would like to assess how loss of PPT1 fucnction results in neurodegenerative disease by studying DAO18343. GRGBER

changes in PPT1 KO vs. WT. NCL patient neurons and assessing substrate palmitoylaton. L T T e




