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Abstract

The histone deacetylase (HDAC) family regulates several biological pathways through the 

deacetylation of lysine residues on histone and non-histone proteins. Mammals have 18 HDACs 

that are classified into four classes. Class I, II, and IV are zinc-dependent while class III is 

nicotinamide adenine dinucleotide (NAD+)-dependent lysine deacetylase or sirtuins. HDAC8, a 

class I HDAC family member, has been shown to have low deacetylation activity compared to 

other HDACs in vitro. Recent studies showed that several sirtuins, with low deacetylase activities 

can actually hydrolyze other acyl lysine modifications more efficiently. Inspired by this, we tested 

the activity of HDAC8 using a variety of different acyl lysine peptides. Screening a panel of 

peptides with different acyl lysine modifications, we found that HDAC8 can catalyze the removal 

of acyl groups with 2-16 carbons from lysine 9 of the histone H3 peptide (H3K9). Interestingly, 

the catalytic efficiencies (kcat/Km) of HDAC8 on octanoyl, dodecanoyl, and myristoyl lysine are 

several folds better than that on acetyl lysine. The increased catalytic efficiencies of HDAC8 on 

larger fatty acyl groups are due to the much lower Km values. T-cell leukemia Jurkat cells treated 

with a HDAC8 specific inhibitor, PCI-34051, exhibited an increase in global fatty acylation 

compared to control treatment. Thus, the defatty-acylation activity of HDAC8 is likely 

physiologically relevant. This is the first report of a zinc-dependent HDAC with defatty-acylation 

activity and identification of HDAC8 defatty-acylation targets will help to further understand the 

function of HDAC8 and protein lysine fatty acylation.

INTRODUCTION

Epigenetic modification of histones plays a crucial role in the regulation of gene expression. 

Histone acetylation and deacetylation on lysine residues is mediated by histone 

acetyltransferases (HATs) and histone deacetylases (HDACs), respectively.1 HDACs have 

been classified into four classes: class I, homologous to yeast Rpd3, consists of HDAC1, 2, 3 
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and 8; class II, homologous to yeast Hda1, is divided into two subclasses: IIa (HDAC4, 5, 7, 

9) and IIb (HDAC6, 10) that contain one and two catalytic domains, respectively; class III 

HDACs are NAD+-dependent deacetylase, known as sirtuins; and class IV is comprised 

solely of HDAC11 which contains a deacetylase domain homologous to class I and class II.2

HDAC8, belonging to class I, is expressed in several human tissues (e.g. lung, heart, brain 

and kidney) and is localized in both the nucleus and the cytoplasm.3-5 HDAC8 deletion in 

mice causes perinatal lethality due to brain trauma, implying HDAC8 plays a role in skull 

development.6 The growth of certain cancer cell lines (A549, HeLa, and HCT116) is 

inhibited when HDAC8 is knocked down; this suggests that HDAC8 is important for cancer 

cell survival.7 HDAC8 expression level is positively correlated to poor prognosis and 

metastasis of neuroblastoma.8 Therefore, HDAC8 is considered as a promising therapeutic 

target for different cancers. Thus, understanding the function of HDAC8 may help the 

development of cancer therapeutics. However, so far, only two proteins have been validated 

as HDAC8 deacetylation targets, estrogen-related receptor alpha (ERRα)9 and structural 

maintenance of chromosomes protein 3 (SMC3).10

One of the key limiting factors towards understanding the function of HDAC8 is the weak 

deacetylase activity of HDAC8 in vitro. Previous kinetics studies of different HDACs 

(HDAC1, 2, 3, 6, 8 and 10)11 show that all of the HDACs have Km values between 20-40 

μM, except for HDAC8 which has a significantly higher Km (>200 μM). Overall, HDAC8 

has lowest kcat/Km value on acetyl lysine peptides (~60±7 M−1S−1) when compared to other 

HDACs tested.11 Recently, several class III HDACs, or sirtuins, that possess weak 

acetylation activity in vitro, have been shown to efficiently remove other acyl groups from 

lysine residues. For example, SIRT5 exhibits efficient activity to lysine desuccinylation, 

demalonylation and glutarylation12-14 and SIRT1, 2, 3 and SIRT6 are capable of hydrolyzing 

long chain fatty acyl groups from lysine residues.15-17 Therefore, we hypothesized that 

HDAC8 may have other enzymatic activities beyond deacetylation.

Here, we have synthesized a library of peptides with different acyl lysine modifications and 

examined the ability of HDAC8 to remove the acyl groups from the peptides. We have found 

that HDAC8 can catalyze the removal of long chain fatty-acyl groups from different peptide 

backbone sequences. The defatty-acylation activity of HDAC8 is several folds higher than its 

deacetylation activity. We have also obtained data suggesting that the defatty-acylase activity 

of HDAC8 is likely physiologically relevant.

RESULTS AND DISCUSSION

HDAC8 can remove long chain fatty acyl groups in vitro

We overexpressed and purified recombinant HDAC8 from E. coli BL21 cells for studying 

the enzymatic activity of HDAC8. For peptide substrates (Table 1), we first focused on the 

H3K9 peptide sequence and varied the acyl groups. Using an HPLC-based assay, we found 

HDAC8 could remove both acetyl and several larger acyl groups (butyryl, octanoyl, 

dodecanoyl, myristoyl, and palmitoyl) from the lysine residue of H3K9 peptides (Table 1 

and Fig. 1). However, HDAC8 could not remove the negatively charged succinyl or malonyl 
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groups from H3K9 peptides. The bulkier biotinyl and lipoyl groups were also not good 

HDAC8 substrates (Table 1 and Supplementary Fig. S1).

We then compared the deacetylation and demyristoylation activities on a few different 

peptide sequences. We were able to detect both deacetylation and demyristoylation activity 

on the H3K9 and H2BK12 peptides (Fig. 2A and 2B). However, only deacetylation activity 

was observed on H3K18 peptides (Fig. 2C), and neither activity was detected on H4K16 and 

TNFαK20 peptides (Fig. 2D and Supplementary Fig. S1). Therefore, HDAC8 enzymatic 

activity is dependent on the peptide sequence.

Recently, lysine crotonylation and 2-hydroxyisobutyrylation have also been reported to 

occur on histone proteins.18, 19 Thus, we also tested HDAC8 on a few histone peptides 

bearing crotonyl (H2AK119, and H3K56) and 2-hydroxyisobutyryl groups (H2BK5, 

H3K122, H4K8, and H4K77) (Table 1). Except H3K56 crotonylation, all other sites have 

been reported to have the crotonyl or 2-hydroxyisobutyryl modifications. HDAC8 could 

remove acetyl groups, but not crotonyl groups from both the H2AK119 and H3K56 peptides 

(Table 1 and Supplementary Fig. S1). Similarly, HDAC8 could not remove 2-

hydroxyisobutyryl groups from any of the peptides tested (Table 1 and Supplementary Fig. 

S1).

Protein N-terminal glycine myristoylation is a well-known PTM that is important for cell 

signaling. Given that HDAC8 can catalyze lysine demyristoylation, we also synthesized 

several peptides bearing N-terminal glycine myristoyl group, and tested whether HDAC8 

could catalyze glycine demyristoylation. These peptides are from three proteins that are 

known to be modified by glycine myristoylation: gelsolin,20 p21-activated kinase 2 

(PAK2),21 and Gα protein, transducin.22 However, none of the N-terminal glycine 

myristoylated peptides were HDAC8 substrates (Table 1 and Supplementary Fig. S1).

To further investigate the defatty-acylation activity of HDAC8, we carried out kinetics 

studies using H3K9 peptides with different acyl groups as the substrates. The kinetics 

parameters and the Michaelis-Menten plots of each acyl peptide substrate are shown in Table 

2 and Supplementary Figure S3, respectively. The HDAC8 catalytic efficiencies (kcat/Km 

values) on the longer fatty acyl groups, octanoyl-, dodecanoyl-, and myristoyl-H3K9, are 

two to three times higher than that on the acetyl peptide. For deacetylation, we could not 

obtain the Km values as the initial reaction rate was linear with the acetyl peptide 

concentrations we used. In contrast, the Km value for the myristoyl H3K9 peptide was 

approximately 16 μM.

The catalytic efficiencies of HDAC8 on acetyl and myristoyl H3K9 peptides were still low 

compared to other HDACs. Our E. coli expression system for HDAC8 might have caused the 

low activity of HDAC8 due to a lack of certain post-translational modifications (PTMs).23 

Therefore, we also used HDAC8 expressed from Sf9 insect cells for kinetics studies for both 

the acetyl- and myristoyl-H3K9 peptides. Indeed, we obtained higher kcat/Km values for 

both deacetylation and demyristoylation from HDAC8 expressed from Sf9 insect cells. 

Although the HDAC8 purified from insect cells gave much higher activity, the 

demyristoylation catalytic efficiency remained >2 times higher than that of deacetylation.
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HDAC inhibitors, PCI-34051 and SAHA, can inhibit both the demyristoylation and 
deacetylation activities of HDAC8

Several HDAC inhibitors have been developed which can inhibit the deacetylation activity of 

HDACs.24 We wanted to test whether they would inhibit the deacetylation and 

demyristoylation activities differently. We tested both a HDAC8 specific inhibitor, 

PCI-34051,25 and a class I and IIb-HDAC inhibitor, SAHA.26 As shown in Figure 3, both 

the demyristoylation and deacetylation activities of HDAC8 were inhibited by the two 

inhibitors in a dose response manner. PCI-34051 was able to inhibit both catalytic activities 

with ten times lower IC50 values compared to SAHA (Table 3). Therefore, PCI-34051 can 

efficiently inhibit both of demyristoylation and deacetylation activities of HDAC8. Notably, 

PCI-34051 inhibited the deacylase activity of HDAC8 on both the acetyl- and myristoyl-

H3K9 peptides with comparable potency. We also obtained similar results using SAHA. 

Thus, it is possible that the inhibitors competitively bind to the peptide-binding pocket rather 

than the acetyl- or myristoyl-binding pocket of the enzyme.

Effect of the HDAC8 specific inhibitor (PCI-34051) on global fatty acylation level in 
mammalian cells

Since PCI-34051 can efficiently inhibit HDAC8 demyristoylation in vitro, we hypothesized 

that if the HDAC8 defatty-acylation activity is physiologically relevant, treating cells with 

PCI-34051 should increase protein lysine fatty-acylation level. To test this, we used a 

metabolic labeling method involving a bioorthogonal probe for protein myristoylation, an 

alkyne-tagged myristic acid analogue (Alk12).27 After treating different mammalian cell 

lines with PCI-34051, we cultured them in the presence of Alk12 which was metabolically 

incorporated into fatty-acylated proteins. The alkyne-labeled proteins were conjugated to a 

fluorescent tag (BODIPY-azide) via click chemistry. The proteins were then precipitated and 

incubated in 0.5 M hydroxylamine solution pH 8.0 at 95 °C for 7 min to remove fatty acyl 

modifications on cysteine residues.15 The fluorescently labeled proteins were then visualized 

after SDS-PAGE separation (Fig. 4A). We found that HeLa, HEK-293T, and MDA-MB 231 

cells treated with PCI-34051 showed slightly increased fatty acylation compared to the 

control that was treated with DMSO (Supplementary Fig. S4). In contrast, the treatment of T 

lymphocyte Jurkat cells with PCI-34051 significantly increased the fatty acylation level (Fig. 

4C). The increase in protein fatty acylation was time- and dose-dependent (Fig. 4C, 

Supplementary Fig. S5A and S5B). Moreover, similar results were obtained when we used 

Alk14, a palmitic acid analogue, as a metabolic labeling probe (Supplementary Fig. S5C).

To further prove that the elevated fatty acylation level was specific to PCI-34051, we treated 

Jurkat cells with 25 μM of other three HDAC inhibitors, SAHA, Panobinostat (LBH589), 

and Mocetinostat (MGCD0103) (Fig. 4B). SAHA and Panobinostat are established 

inhibitors of class I and IIb-HDACs26, 28, 29 while Mocetinostat can only inhibit HDAC1, 2, 

3 and 11.30 As we expected, only PCI-34051-treated Jurkat cells exhibited enhanced global 

protein lysine fatty acylation (Fig. 4D). We also detected the global lysine acetylation level 

by Western blot, and found that SAHA and Panobinostat predominantly increased the 

acetylation of protein bands around 55 kDa, while PCI-34051 and Mocetinostat did not 

noticeably increase protein lysine acetylation (Fig. 4E). Notably, the global fatty acylation 

labeling signal (measured by Alk12 labeling) from the cells treated with SAHA and 
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Panobinostat was much lower than the control. The lower fatty acylation labeling signal 

could be due to the cytotoxicity of these inhibitors. To test this possibility, we also treated 

the cells with lower concentrations of these inhibitors, but still did not observe an increase in 

the fatty acylation signal measured by Alk12 labeling (Supplementary Fig. S5D). This result 

suggests that the HDAC8-specific inhibitor PCI-34051 is unique in the ability to increase 

protein fatty acylation. We showed here that HDAC8 can efficiently catalyze defatty-

acylation, including deoctanoylation, dedodecanoylation, and demyristoylation. While some 

of the sirtuins, the NAD+-dependent HDACs, have been recognized as protein defatty-

acylases,12,16,17 this is the first report of a zinc-dependent HDAC possessing this enzymatic 

activity. The myristoyl peptide has a much lower Km values compared to the acetyl peptide 

leading to a higher catalytic efficiency of demyristoylation over deacetylation.

Crystal structures of human HDAC8, in complex with different inhibitors, have been 

reported; they revealed a single α/β-domain with a core eight-stranded parallel β-sheet and 

11 α-helices.7, 31, 32 Interestingly, the complexes between HDAC8 and the inhibitors 

displayed structural variation on the surface of HDAC8 around the binding pocket. This 

region has been suggested to be conformational flexible, and this property might allow 

HDAC8 to accommodate different substrates.31 This therefore may allow the binding of long 

chain fatty acyl peptides at the active site, enabling the defatty-acylation activity.

Protein fatty acylation has been known to play an essential role in cell signaling, membrane 

trafficking, protein-membrane interactions, and cellular localization.33 The majority of these 

fatty-acylated proteins have been reported to have N-glycine myristoylation or S-

palmitoylation, while only a few proteins are reported to have lysine fatty acylation.15,34 

Several NAD+-dependent deacetylase, SIRT1, SIRT2, SIRT3 and SIRT6, have been 

previously reported to possess lysine defatty-acylation activities.15-17 In this study, we also 

showed that zinc-dependent deacetylase, HDAC8, is another lysine defatty-acylase.

PCI-34051, a potent and selective HDAC8 inhibitor, can inhibit not only the deacetylation, 

but also the demyristoylation activity of HDAC8. PCI-34051 treatment in mammalian cells 

can enhance the global fatty acylation (measured by Alk12/Alk14 labeling) in a dose 

response manner, while other HDAC inhibitors did not. These results suggest that HDAC8 

lysine defatty-acylation is likely physiologically relevant. The identification of an additional 

enzyme with lysine defatty-acylation activity suggests that lysine fatty acylation might be a 

more abundant modification than previously recognized, and it may play important roles in 

biology.

Thus far, only two direct HDAC8 targets, ERRα and SMC3, have been substantially 

validated. We identified the first zinc-dependent HDAC to possess defatty-acylase activity. 

The discovery of the defatty-acylase activity suggests that when searching for other HDAC8 

targets we also need to consider the defatty-acylase activity of HDAC8. Our work will thus 

further facilitate the identification of additional substrate proteins for HDAC8 and help 

elucidate the physiological role of this enzyme.
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METHODS

Material and reagents

Recombinant human HDAC8 from Sf9 cells was purchased from BPS Bioscience 

(cat#50008). HDAC inhibitors (PCI-34051, SAHA, Panobinostat, and Mocetinostat) were 

purchased from Selleckchem.com (cat#S2012, S1047, S1030, S1122, respectively). Solvents 

for peptide synthesis were purchased from Fisher unless otherwise indicated. Wang resin, 

Fmoc-protected amino acids, and derivatives were purchased from Chem-Impex.

Antibody

Anti-acetyl Lysine antibody (Rabbit polyclonal IgG) was purchased from Abcam (cat# 

80178). The secondary antibody, rabbit anti-goat IgG-HRP, was purchased from SantaCruz 

(cat# 2768).

Cell Culture

HeLa, Human Embryonic Kidney 293T (HEK293T) and MDA-MB-231 cells were cultured 

in Dulbecco’s Modified Eagle Medium (DMEM) supplemented with 10% Fetal Bovine 

Serum (FBS) (Invitrogen). Jurkat cells were cultured in Roswell Park Memorial Institute 

(RPMI) 1640 Media (Invitrogen) supplemented with 10% FBS. Cells were incubated in a 

humidified incubator at 37 °C with 5% CO2.

Cloning, expression and purification of HDAC8

Human HDAC8 cDNA was purchased from Open Biosystems (clone ID: 5761745). The full 

length cDNA was PCR-amplified by Platinum® Pfx DNA Polymerase (ThermoFisher) and 

subcloned into the pET28a vector using the EcoRI and XhoI restriction sites with the 

following primers: Sense: 5′-agtcagGAATTCATGGAGGAGCCGGAGGAACC-3′ 
Antisense: 5′-agtcagCTCGAGCTAGACCACATGCTTCAGATT-3′ The plasmid was 

transformed into E. coli BL21 Rosetta™ 2 competent cells (Novagen, Cat# 71402) for 

protein expression. The cells pellets were collected and washed with deionized water once 

before being dispersed in Buffer 1 (20 mM Tris-HCl pH 8.0, 500 mM NaCl, 10 mM MgCl2, 

5 mM Imidazole, 5% glycerol, 10 μg/mL phenylmethylsulfonyl fluoride (PMSF)). The cells 

were lysed by passing through an EmulsiFlexTM-C3 cell disruptor (AVESTIN) three to four 

times, and the cell lysate was centrifuged to remove cell debris at 20,000 rpm at 4 °C for 45 

min (Beckman Coulter). The supernatant containing HDAC8 was then loaded onto Ni-NTA 

agarose beads (QIAGEN, Cat#30210) and the beads were gently agitated at 4 °C for 2 hrs. 

The unbound supernatant was removed by gravity flow, and the beads were washed three 

times with Buffer 2 (20 mM Tris-HCl pH 8.0, 500 mM NaCl, 30 mM Imidazole). The 

protein was then eluted from the beads into eppendorf tubes with Buffer 3 (20 mM Tris-HCl 

pH 8.0, 500 mM NaCl, 10 mM KCl, and 50-300 mM Imidazole). Each collected fraction 

was run on SDS-PAGE to check for the presence of HDAC8 (molecular weight around 46 

kDa). The fractions containing HDAC8 were combined and concentrated to 2-3 mL with an 

Amicon Ultra-4 10 kDa concentrator, and subsequently loaded onto a gel filtration column 

(Sephadex-75, GE healthcare), which was pre-equilibrated with 40 mM Tris-HCl pH 8.0, 

110 mM NaCl, and 2.2 mM KCl. Each fraction, with UV absorption at 280 nm, was 
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resolved by SDS-PAGE to detect HDAC8. The fractions containing HDAC8 with greater 

than 80% purity were pooled and concentrated using an Amicon Ultra-0.5 mL 10 kDa 

concentrator (EMD Millipore) and subsequently aliquoted into small volumes and stored at 

−80 °C.

In vitro HDAC8 activity and kinetics assay

The in vitro activity of HDAC8 was detected using an HPLC assay. Each enzymatic reaction 

consists of 25 μM of different acyl peptides in the reaction buffer (25 mM Tris-HCl pH 8, 

137 mM NaCl, 2.7 mM KCl, 1 mM MgCl2) with a final volume of 60 μl. To begin a 

reaction, 1-5 μM of HDAC8 (depending on the activity) was added into the reaction and 

incubated at 37 °C for 1 hr. The reactions were quenched with 60 μl of quench buffer (100 

mM hydrochloric acid, 160 mM acetic acid in 50% acetonitrile) and centrifuged at 17,000x 

g for 15 min at room temperature to remove HDAC8. The reaction was analyzed by reverse 

phase HPLC with a Kinetex 5U XB C18 column (100A, 150 mm × 4.60 mm, Phenomenex) 

monitoring at the wavelength 280 nm. The mobile phase A was water with 0.1% (v/v) 

trifluoroacetic acid (TFA), the mobile phase B was acetonitrile with 0.1% (v/v) TFA. The 

gradient used was 10 to 100% mobile phase B over 30 min with the flow rate of 0.5 mL/min. 

The product formation was verified by LC-MS (LCQ Fleet, Thermo Scientific).

The kinetics parameters of different acyl peptides were determined using the above reaction 

conditions and by varying the concentrations of each substrate as follows, 0-1,200 μM for 

acetyl H3K9; 0-400 μM for butyryl H3K9; 0-400 μM for octanoyl H3K9; 0-100 μM for 

dodecanoyl H3K9; 0-100 μM for myristoyl H3K9; 0-65 μM for palmitoyl H3K9. Each 

reaction was incubated with 1 μM HDAC8 at 37 °C for 1 hr. Each reaction was performed in 

duplicate to ensure reproducibility. After separation by HPLC, the product and remaining 

substrate peaks were quantified and converted to initial rates. The plots between substrate 

concentrations and the initial rates were fitted using GraphPad Prism® (± S.D., Standard 

Deviation).

In vitro inhibition assay of HDAC8 activities

Each reaction was performed with 1 μM of HDAC8 in the reaction buffer (25 mM Tris-HCl 

pH 8.0, 137 mM NaCl, 2.7 mM KCl, 1 mM MgCl2), which was pre-incubated with different 

concentrations of the inhibitors at room temperature for 15 min. Subsequently, 25 μM of the 

substrate peptide was added and the reaction was incubated at 37 °C for 60 min before 

HPLC analysis to determine the amount of product formed. The data (± S.D.) were fitted by 

using GraphPad Prism® to give the IC50 values shown in Table 3.

Acyl peptide synthesis

The different acyl peptide backbones were synthesized using standard solid phase peptide 

synthesis.35 Two tryptophan residues were added to the C-terminal of each peptide to enable 

facile detection of the peptide at 280 nm. A detailed method for acyl peptide synthesis can 

be found in the Supporting Information. The synthesized peptides were verified using LC-

MS (LCQ Fleet, Thermo Scientific).
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Metabolic labeling of mammalian cells treated with PCI-34051

The metabolic labeling method was modified from Yount et al 2011.27 A total of 1×106 

Jurkat cells in each flask were grown overnight, and then incubated with 25 or 50 μM 

PCI-34051 or DMSO (control) for 15 hrs. The cells were then treated with 50 μM Alk12 (or 

Alk14) in the presence of the inhibitor for an additional 6 hrs. Cells were collected and 

washed with 1x phosphate saline buffer (PBS) three times. The cell pellets were lysed with 

4% sodium dodecyl sulfate (SDS) buffer (50 mM triethanolamine pH 7.4, 150 mM NaCl, 

4% (w/v) SDS) containing protease inhibitor cocktails (Sigma). A nuclease (Pierce™ 

Universal Nuclease for Cell Lysis) was added into the total lysate. The protein concentration 

was determined by the bicinchoninic acid (BCA) assay using the Pierce™ BCA Protein 

Assay Kit (ThermoFisher). A total of 50 μg of proteins from each sample was aliquoted, and 

adjusted to a final volume of 45 μl with 4% SDS buffer.

To perform the click reaction, 5.6 μl of the click chemistry reaction master mix was added to 

each sample (click reaction master mix per sample: 3 μl of 1 mM BODIPY Azide in DMF, 1 

μl of 50 mM tris(2-carboxyethyl) phosphine hydrochloride (TCEP-HCl, Calbiochem) in 

water, 0.6 μl of 10 mM tris [(1-benzyl-1H-1,2,3-triazol-4-yl)methyl] amine (TBTA, Anal 

Tech) in DMF, 1 μl of 50 mM CuSO4 in water). After 1 hr at room temperature, 200 μl 

methanol, 75 μl chloroform and 150 μl water were added to each sample. After vortexing, 

the samples were centrifuged at 17,000 xg for 20 min at 4 °C. The supernatant was gently 

removed by pipetting, and to each pellet was added 1 mL of methanol. The samples were 

again vortexed and spun down at 17,000 xg for 10 min at 4°C. The methanol was removed, 

and the protein pellets were washed again with 1 mL methanol. After the second methanol 

wash, the protein pellets were air dried at room temperature for 10-15 min, and then 

resolubilized in 50 μl of 4% SDS buffer (50 mM triethanolamine pH 7.4, 150 mM NaCl, 4% 

(w/v) SDS). To each sample, 10 μl of 6x loading buffer (374 mM Tris-HCl pH 6.8, 12% 

SDS, 600 mM DTT, 60% v/v glycerol, 0.06% bromophenol blue) was added, and the 

samples were boiled at 95 °C for 5 min. To remove cysteine palmitoylation, 9 μl of each 

sample was mixed with 1 μl of 5 M Hydroxylamine pH 8.0, and heated at 95 °C for 7 min. 

The samples were then resolved on 12% SDS-PAGE gel. The gel was destained in 50% (v/v) 

acetic acid, 40% (v/v) methanol and 10% (v/v) water for at least 2 hrs at room temperature 

(or overnight at 4 °C), and destained in water for another 30 min. The fluorescent signal was 

visualized with a Typhoon 9400 Variable Mode Imager (GE Healthcare Life Sciences) using 

488 nm excitation and 520 nm detection filters, and a PMT setting of 550 V. The signal was 

analyzed by Image Quant TL v2005.

Western Blot for protein lysine acetylation

Cells were collected and lysed with 4% SDS buffer containing Protease Inhibitor Cocktails 

and nuclease. Protein concentration was determined by BCA assay. Protein samples were 

separated by 12% SDS-PAGE and transferred to PVDF membrane (Bio-Rad) for 120 min. 

The membrane was blocked with 5% bovine serum albumin (BSA, Santa Cruz) and 

incubated with the primary antibody at 4 °C overnight. The membrane was incubated with 

the secondary antibody for another 1 hr at room temperature. The membrane was developed 

using ECL-Plus western blotting detection reagent (GE Healthcare). The signal was 

visualized using a Typhoon 9400 Variable Mode Imager (GE Healthcare) with 457 nm 
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excitation and 526 nm detection filters, using a PMT of 600 V. The signal was analyzed by 

Image Quant TL v2005.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
HPLC traces of HDAC8 activity assay with different acyl peptides as substrates. HDAC8 

can remove the acetyl group, and other long chain acyl groups with different efficiencies.
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Figure 2. 
HPLC traces showing HDAC8 selectivity on different histone peptides. (A-B) HDAC8 can 

catalyze deacetylation and demyristoylation on both H3K9 and H2BK12 peptides. (C) Only 

deacetylation activity was detected on H3K18 peptide. (D) No deacylation activity was 

detected on the H4K16 peptide.
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Figure 3. 
Inhibition curves of PCI-34051 and SAHA on the demyristoylation and deacetylation 

activities of HDAC8.
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Figure 4. 
Global fatty acylation Jurkat cells treated with PCI-34051. (A) Method for the detection of 

global protein lysine fatty acylation in Jurkat cells. Cells were cultured with the myristic 

acid analogue (Alk12) to allow metabolic labeling to occur. BODIPY-azide (B-N3) was then 

conjugated to the alkyne group using click chemistry. The modifications on cysteine residues 

were removed by treating with 0.5 M hydroxylamine, pH 8.0, and the fluorescent signal was 

imaged after SDS-PAGE. (B) Chemical structures of different HDAC inhibitors. (C) Global 

fatty acylation of Jurkat cells treated with 50 μM PCI-34051 with different treatment times. 

The arrows point to several protein bands with elevated fatty acylation signals. (D) The 

increase in global fatty acylation was specific to PCI-34051. Jurkat cells treated with 25 μM 

of different HDAC inhibitors for 15 hrs. Only PCI-34051 treated cells showed higher fatty 

acylation when compared to the control and other HDAC inhibitor treated cells. (E) Western 

blot showing the global acetylation pattern of Jurkat cells treated with different HDAC 

inhibitors. SAHA and Parabinostat increased protein lysine acetylation while other inhibitors 

did not.
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Table 1

The acyl peptide library for HDAC8 activity screening.

Proteins Peptide sequencesa, b Acyl group Hydrolyzed by HDAC8

Histone H3K9 KQTARKSTGGWW

acetyl +++

butyryl +

octanoyl +++

dodecanoyl +++

myristoyl +++

palmitoyl ++

succinyl −

malonyl −

biotinyl −

lipoyl −

Histone H4K16 KGGAKRHRKWW
acetyl −

myristoyl −

Histone H2BK12 APAPKKGSKKWW
acetyl ++

myristoyl ++

Histone H3K18 GGKAPRKQLATKAWW
acetyl +++

myristoyl −

TNFα EALPKKTGGPQWW
acetyl −

myristoyl −

Histone H2AK119 VLLPKKTESHWW
acetyl +

crotonyl −

Histone H3K56 YQKSTELLWW
acetyl +

crotonyl −

Histone H2BK5 PEPSKSAPAPKWW 2-hydroxyisobutyryl −

Histone H3K122 TIMPKDIQLAWW 2-hydroxyisobutyryl −

Histone H4K8 RGKGGKGLGKGWW 2-hydroxyisobutyryl −

Histone H4K77 TEHAKRKTVWW 2-hydroxyisobutyryl −

Gelsolin GLGLSYLSSWW

N-terminal myristoyl

−

PAK2 GAAKSLDKQKWW −

Gα protein GGDASGEWW −

a
The modified residue is underlined

b
The Mass Spectrometry data were shown in Supplementary Figure S2
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Table 2

Kinetics parameters (± S.D.) of recombinant HDAC8 on different H3K9 acyl peptides.

Substrate kcat (S−1) Km (uM) kcat/Km (S−1.M−1)

Acetyl H3K9
NDa >600 58.0 ± 1.1

NDa,b >300b 480.8b

Butyryl H3K9 NDa >200 12.6 ± 0.3

Octanoyl H3K9 0.0202 ± 0.0005 145.8 ± 10.3 139 ± 13

Dodecanoyl H3K9 0.0123 ± 0.0013 69.5 ± 10.1 177 ± 7

Myristoyl H3K9
0.0019 ± 0.0003 15.8 ± 5.1 120 ± 11

0.0755b 60.5b 1,246b

Palmitoyl H3K9 0.00050 ± 0.00007 18.3 ± 7.4 28.8 ± 7

a
ND: Not determined since initial rate (V0) versus [Substrate] was linear. The kcat/Km value was obtained from the slope of the linear plot.

b
Recombinant HDAC8 from Sf9 insect cells
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Table 3

IC50 (± S.D.) of PCI-34051 and SAHA for HDAC8’s deacetylation and demyristoylation activities on H3K9 

peptides.

HDAC
inhibitors

IC50 ± SD (μM)

Demyristoylation Deacetylation

PCI-34051 0.98 ± 0.04 1.15 ± 0.14

SAHA 9.92 ± 0.50 9.56 ± 0.58
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