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Fatty acylation of Proteins:  A set of protein 
post-translational modifications of increasingp g

importance
Only cytoplasmic proteins and transmembrane proteins in either 
th i t b t l i d i l t d

Type I: Static

their transmembrane or cytoplasmic domains are acylated.

irreversible with set consensus amino acid sequences:
1. N-myristoylation (GXXXS motif) at the N-terminus.

Type II: Dynamic

2. S-prenylation (CAAX farnesylation, CCXX geranylgeranylation)

yp y

reversible with no consensus sequences: 

S palmito lation C rrentl e ponential gro th of st dies ofS-palmitoylation: Currently exponential growth of studies of
protein palmitoylation (e.g. recent science paper on ras trafficking) and
new proteins identified as palmitoylated. 



Mechanism of Protein Palmitoylation

‐SH

protein
acyltransferase

(PAT) CS (CH ) CH

OO
‐SH

+
( ) CS (CH2)14 CH3CoA- CS (CH2)14 CH3

Palmitoyl CoA protein palmitoyl
thioesterase (PPT)

Types of Palmitoylated Proteins
Soluble proteins: occurs at cysteines throughout the proteinSoluble proteins: occurs at cysteines throughout the protein

Examples:
1.     N-terminal; PSD-95, GAP43, Fyn
2.     Internal; SNAP25, synaptotagmin, synaptobrevin
3.    C-terminal; H-Ras, RhoB, paralemmin

Membrane proteins: occurs at cysteines within transmembrane and  
cytoplasmic domains

3 C te a ; as, o , pa a e

E lExamples: 
Identified sites: HA, rhodopsin, dopamine D1R, GluR6, 
Unidentified sites: nAChR subunits, Na channel alpha subunits



The importance of protein palmitoylation in 
dneurons and at synapses

• 1) Activity dependent palmitoylation of PSD‐1) Activity dependent palmitoylation of PSD
95 at synapses (El‐Husseini et al. 2002).

• 2) Trafficking of AMPARs into synapses• 2) Trafficking of AMPARs into synapses 
(Hayashi et al. 2005)

3) bl f i i i ( i d l• 3) Assembly of 7 nicotinic receptors (Drisdel 
et al. 2005).

• 4) Palmitoylation of CDC42 and spine 
formation (Kang et al. 2008).



New Method for Measuring Protein Palmitoylation
(Acyl-Biotin Exchange or ABE)

Block existing free sulfhydryls

+ N-ethylmaleimide
(NEM)

Step 1)

Removal of thioester linked lipids

( )

Step 2)

+ NH2OH
hydroxylamine + palmitate hydroxamateSSH

Label free sulfhydryls generated by removal of lipid

+ radiolabeled or biotinylated

Step 3)

Detect palmitoylated proteins

+ radiolabeled or biotinylated
sulfyhdryl reactive reagent
(e.g BtnBMCC or 3H-NEM)

Step 4)

SSH
SS-BMCCBtn or S-NEM-3H

SDS-PAGE electrophoretic
transfer

Chemiluminscence assay
o
rPhosphor imager



Modification of ABE for Proteomic Analysis (Nick Davis)

From Wan, Roth, Bailey & Davis. Nat Protoc. 2007;2:1573‐84.



Neuronal Palmitoyl‐Proteomics 

From R. Kang, J. Wan, P. Arstikaitis, H. Takahashi, K. Huang, A. O. Bailey, J. X. Thompson, A. F. Roth, R. C. 
Drisdel, R. Mastro, W. N. Green,  J. R. Yates, N. G. Davis & A. El‐Husseini. 2008. Nature  (in press).



Aim 1: To develop a proteomic approach to identify sites of palmitoylation 
labeled using the ABE method on purified ionotropic neurotransmitter 
receptors.

b ll h hl f d f dTo begin, we will use highly purified nicotinic receptors from Torpedo 
californica electric organ and human 42  receptors expressed in HEK cells.  
We will also assay SNAP-25, which is a highly palmitoylated membrane-
associated protein and not an integral membrane protein like the other two associated protein and not an integral membrane protein like the other two 
proteins.  

Aim 2: Identify palmitoylated proteins from rat nucleus accumbens and test Aim 2: Identify palmitoylated proteins from rat nucleus accumbens and test 
for changes in their palmitoylation with amphetamine-induced sensitization. 
In this aim we will use large‐scale screening mass‐spec techniques (MudPIT) in order to 
identify palmitoylated proteins that change during drug‐induced sensitization in rats.



f d d b

Methodology (Site of Palmitoylation)

Purified Torpedo membrane proteins

Biotin‐HPDP label palmitoylated proteins

Bind tagged protein to Streptavidin beads

Tryptic digest 
protein on beads

Release biotinylated peptide

Remove supernatant 
(non‐biotinylated peptide regions)

Wash beads

Release biotinylated peptide 
region with TCEP and label 
reactive Cys with NEM ID protein (FT‐ICR MS)

Modification Site determination
(FT‐ICR MS)
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2+*
Identification of Acetylcholine receptor subunit Alpha subunit 

754.8825

•32% Sequnce Coverage
•18 peptides match Alpha subunit
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Spectra peptides from Non‐Biotin and Biotin tagged proteins on Streptavidin beads
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Aim 2: The Reward Pathway in the BrainAim 2: The Reward Pathway in the Brain

Rats will be injected with j
amphetamine or saline
to induce behavioral and 
biochemical sensitization Webiochemical sensitization.  We 
will dissect out the VTA, NA, 
PFC and striatum for analysis.



Methodology (Global Palmitoylation changes in drug dosed rat)

Sample (Rat, drug dosage response variations) 

P ifi ti f l it l t d t i i 3 t t iPurification of palmitoylated proteins via 3‐step cysteine 
chemical reaction [Carried out at Green’s Lab]

Lys C followed by Tryptic digestionGlobal protein Quantitation
(DIGE)

Label Free Quantitation
(UPLC LTQ‐Orbitrap)

Protein ID
(4800 MALDI Tof/Tof)

iTRAQ labeling

SCX [into 20 fractions]

( )

LC MS/MS
(QSTAR Elite)

MudPIT
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