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HIGHLIGHTS

® The search for phosphatidic acid (PA)-binding proteins is required for understanding PA biology.

® A lipid-affinity purification along with mass spectrometry identified 24 novel PA-binding proteins in the rat brain.
® A lipid-protein overlay assay revealed that MARCKS, GDI1, PACSIN1, and DPYSL2 are strong PA interactors.

® This list of PA-binding proteins might be helpful for deciphering the functional effects of PA in the brain.
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Phosphatidic acid (PA) is an abundant negatively-charged phospholipid and has long been considered
to be an important signaling molecule in diverse cellular events. Thus, the identification of proteins that
specifically interact with PA is of considerable interest to understand the regulatory roles of PA. Herein,
lipid-affinity purification and mass spectrometric analysis reveals 43 proteins, 19 known and 24 novel,

as PA-binding proteins. A lipid—-protein overlay assay confirmed that GDI1, PACSIN1, and DPYSL2 interact
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with not only with PA but also with other phospholipids. These results might be helpful for deciphering
the functional effect of PA in the brain.

© 2015 Published by Elsevier Ireland Ltd.

1. Introduction

Phosphatidic acid (PA) is a precursor in the biosynthesis of tria-
cylglycerols and phospholipids [1], and is a lipid second messenger

Abbreviations: STRAP, software tool for researching annotations of proteins;
GO, gene ontology; MARCKS, myristoylated alanine-rich C-kinase substrate; GDI1,
GDP dissociation inhibitors; PACSIN1, protein kinase C and casein kinase substrate
inneurons1; DPYSL2, dihydropyrimidinase-like 2; GT, triglyceride; DAG, diacylglyc-
erol; PA, phosphoatidic acid; PS, phosphatidylserine; PE, phosphatidylethanolamne;
PC, phosphatidylcholine.
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in mitogenic signaling pathways that has been proposed to play
important roles in a wide variety of physiological events. PA nor-
mally accounts for a small percentage of the total phospholipid
pool, and is very transient as it is a target for lipid phosphate
phosphatases in phospholipid synthesis [2-4]. PA can be formed
by phospholipase D (PLD) and diacyl glycerol (DAG) kinases. PLD
can hydrolyze the phosphodiester bond of phosphatidylcholine
(PC) to produce PA and soluble choline. This process has been
shown to be crucial for neurite outgrowth since neuronal matu-
ration was significantly delayed in PLD1 knockout neurons [5-6].
In addition, the phosphorylation of DAG by DAG kinase can gener-
ate PA, providing a link between lipid metabolism and subcellular
signaling. Indeed, the genetic translocation of DAG kinase delta
(DGKd) at 46,X,t(X;2)(p11.2;q37) was found in in patients with
seizures, congenital capillary abnormalities, mild hypotonia, and
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Fig. 1. Experimental scheme for the purification of PA-binding proteins in the rat brain (A). The samples were incubated with neutral liposomes (1 mg/mL) composed of
PE and PC (50:50 ratio). After sedimentation, the supernatants were subsequently incubated with PA liposomes (1 mg/mL). The resultant PA-binding complexes from the
cytosol (B) and the membrane fractions (C) of the rat brain were subjected to SDS-PAGE and stained with coomassie brilliant blue. PA-binding fraction was extracted from
PA pellet after extensive washing step. Sup supernatant; PE, phosphatidylethanolamne; PC, phosphatidylcholine. Arrows indicate the fraction used for mass spectrometry.

mental retardation [7], suggesting that PA production is closely
related with neuronal functionality and brain development.

At the molecular level, PA regulates cell polarity through
interacting with various proteins such as GTPases, kinases,
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phosphatases, and transcription factors to modulate either cat-
alytic activity or membrane associations [8-12]. Generally,
PA-interacting proteins are involved in the regulation of actin
dynamics, membrane trafficking, and neuronal development. Thus,
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Q5 Fig. 2. A classification of commonly identified PA-binding proteins in the rat brain. STRAP software was used to annotate and visualize proteins based on gene ontology in
terms of biological process (A), cellular component (B), and molecular function (C). Pie charts represented a percentage value of the subcategories. (D) The protein functional
association network of the PA-binding proteins by STRING software. An edge was drawn with different colored lines representing the existence of different types of evidence.
A red line, fusion; a green line, neighborhood; a blue line, co-occurrence; purple line, experimental; a yellow line, text-mining; a light blue line, database, and a block line,
coexpression. Asterisks indicate PA-binding proteins that were newly identified in this study (For interpretation of the references to colour in this figure legend, the reader
is referred to the web version of this article).
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