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Abstract
AIM: To explore the effect of lysine acetylation in related proteins on regulation of the proliferation of gastric cancer cells, and determine the lysine-acetylated proteins and the acetylated modified sites in AGS gastric cancer cells. 
METHODS: The CCK-8 experiment and flow cytometry were used to observe the changes in proliferation and cycle of AGS cells treated with trichostatin A (TSA). Real time polymerase chain reaction and Western Blot were used to observe expression changes in p21, p53, Bax, Bcl-2, CDK2, and CyclinD1 in gastric cancer cells exposed to TSA. Cytoplasmic proteins in gastric cancer cells before and after TSA treatment were immunoprecipitated with anti-acetylated lysine antibodies, separated using SDS- SDS-polyacrylamide gel electrophoresis gel and silver-stained to detect the proteins by mass spectrometry after removal of the gel. The acetylated proteins in AGS cells were enriched with lysine-acetylated antibodies, and a high-resolution mass spectrometer was used to detect the acetylated proteins and modified sites. 
RESULTS: TSA significantly inhibited AGS cell proliferation, and promoted cell apoptosis, leading to AGS cell cycle arrest in G0/G1 and G2/M phases, especially G0/G1 phase.p21, p53 and Bax gene expression levels in AGS cells were increased with TSA treatment duration; Bcl-2, CDK2, and CyclinD1 gene expression levels were decreased with TSA treatment duration. Two unknown protein bands, 72 kD (before exposure to TSA) and 28 kD (after exposure to TSA), were identified by silver-staining after immunoprecipitation of AGS cells with the lysine-acetylated monoclonal antibodies. Mass spectrometry showed that the 72 kD protein band may be PKM2 and the 28 kD protein band may be ATP5O. The acetylated proteins and modified sites in AGS cells were determined. 
CONCLUSION: TSA can inhibit gastric cancer cell proliferation, which possibly activated signaling pathways in a variety of tumor-associated factors. ATP5O was obviously acetylated in AGS cells following TSA treatment.
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Core tip: Previous research has shown that deacetyltransferase inhibitors not only induce cell cycle arrest, differentiation and apoptosis of many tumor cells in vitro, but also inhibit tumor growth in tumor-bearing animals. They are through the acetylation modification of deacetyltransferase inhibitor on histone. Only a few studies have focused on the acetylation modification by deacetyltransferase on non-histone. This is the first study to identify acetylated proteins in gastric cancer cells before and after exposure to TSA to explore the effect of lysine acetylation of related proteins on the regulation of gastric cancer cell proliferation. Moreover, the lysine-acetylated proteins and the modified sites in AGS cells were assessed. We explored whether ATP5O was obviously acetylated after trichostatin A treatment in AGS cells.  
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INTRODUCTION
Gastric cancer has a high incidence and mortality worldwide, especially in East Asia[1-2]. More than 400 000 new patients with gastric cancer are diagnosed in China every year. The prevalence and mortality of this disease in China are higher than the world average values[3]. In the absence of targets, traditional chemotherapy has severe side effects. Therefore, cancer treatment and research are now focusing on molecular targeted therapy due to its high selectivity, good efficacy and reduced side effects.
Histone acetylation/deacetylation modification, one of the essential mechanisms of gene transcriptional regulation, occurs mainly in conservative lysine residues on histone H3 and H4 tails, which are regulated by histone acetyltransferases (HATS) and histone deacetylases (HDACs). Significantly increased activity of HDACs leads to an expression imbalance of some molecules affecting cell proliferation, apoptosis and cell cycle, thus causing cancer[4]. A large number of studies  have shown that deacetyltransferase inhibitors not only induce cell cycle arrest, differentiation and apoptosis of many tumor cells in vitro, but also inhibit tumor growth in tumor-bearing animals[5-6]. There have been numerous studies on the acetylation modification by deacetyltransferase inhibitors on histone, however, studies focusing on the acetylation modification by deacetyltransferase on non-histones are rare. Further studies are needed to investigate the acetylated non-histones involved in tumor growth and metabolism, and the signaling pathways through which these proteins induce tumor apoptosis. We treated AGS gastric cancer cells with the histone deacetyltransferase inhibitor, trichostatin A (TSA), to identify differentially acetylated non-histones before and after TSA treatment. We also explored the apoptosis and proliferation mechanisms of gastric cancer cells.
MATERIALS AND METHODS
Materials
AGS cells were purchased from the Cell Resource Center of Shanghai Institutes for Biological Sciences, Chinese Academy of Sciences; Ham's F12 medium was from HyClone; trypsin-EDTA solution and fetal bovine serum from Invitrogen; the cell counting kit-8 (CCK-8) from Dojindo Company; TSA from Sigma (batch number T1952); the Annexin Ⅴ-FITC Apoptosis Detection Kit, FACS Calibur and LSR™ II Flow Cytometer from BD Pharmingen; the primer was designed by Shanghai Sangon Biotech Co., Ltd.; Agarose ⅠTM was from Amresco, the RNeasy Mini Kit from Qiagen; the Reverse Transcription System from Promega; SYBR® Premix Ex TaqTM from TaKaRa; ABI prism 7300 polymerase chain reaction (PCR) from ABI; Amersham ECL plus the Western Blotting Detection System and CNBr Activated Sepharose 4B from GE; Pierce BCA Protein Assay Kit from Thermo; Acetyl-α-Tubulin (Lys40) (D20G3) XP® Rabbit mAb from CST; Goat anti-rabbit IgG-HRP from Sigma; LTQ VELOS from Thermo Finnigan, and anti-ATP5O and anti-PKM2 antibodies from Sigma.
CCK-8 experiment 
AGS cell strains were cultured in Ham's F12 medium + 10% FBS for 24 h and divided into 8 groups (3 holes in each group). The media in the holes were added to complete media containing TSA at final concentrations of 0 μmol/L, 0.015 μmol/L, 0.03 μmol/L, 0.06 μmol/L, 0.1 μmol/L, 0.25 μmol/L, 0.5 μmol/L and 1 μmol/L, respectively. The complete media were incubated with 5% CO2 at 37℃ for 72 h, and then added to CCK-8 solution in the proportion of 100 μL/10 μL, and left to stand at 37℃ for 1 h. Absorbance was then read at a wavelength of 450 nm using a microplate reader. 
Detection of cell apoptosis and cycle by flow cytometry
Two dishes of AGS cells cultured for 24 h were added to complete medium containing TSA at a final concentration of 0.25 μmol/L, and a further two dishes of cultured cells were added to new medium as a control. The media were incubated with 5% CO2 at 37℃ for 24 h, centrifuged, transferred to a 5 mL culture tube and the supernatant was removed. The cells were re-suspended, and 5 μL Annexin V-FITC and propidium iodide (PI) were added, incubated in the dark at 20℃-25℃ for 15 min and then 400 μL Annexin V binding solution was added for flow cytometry. Annexin V-FITC had green fluorescence and PI had red fluorescence. The wavelength of light excited by flow cytometry was adjusted to 488 nm. FITC fluorescence was detected with a band-pass filter of 515 nm and PI fluorescence was detected with a filter of more than 560 nm. In addition, the cell sediments were added to 1 mL of 70% ethanol, fixed, washed, centrifuged twice, re-suspended in 0.5 mL PBS containing 50 μg/mL PI and 100 μg/mL RNase A, and incubated in the dark at 37℃ for 30 min to determine the cell cycle using a flow cytometer according to standard procedures. The results were analyzed using a cycle meter and the software FlowJo6.3[7].
Real-time polymerase chain reaction
AGS cells cultured for 24 h were added to complete medium containing TSA at final concentrations of 0 μmol/L and 0.25 μmol/L, respectively (the former for the control). The total RNA in all samples was extracted, quantified and reversely transcribed according to the Qiagen kit instructions. Fluorescence quantitative PCR was carried out on p21, p53, Bcl-associated X protein (Bax), B cell lymphoma-2 (Bcl-2), cyclin-dependent kinase 2 (CDK2) and CyclinD1, followed by data collection and analysis. The PCR primer sequences and fragment lengths are shown in Table 1.
Western blot
One dish of AGS cells cultured for 24 h was used as the 0 h sample, and a further 2 dishes of cells were added to medium containing a final concentration of 0.25 μmol/L TSA, and incubated with 5% CO2 at 37℃ for 12 h and 24 h, respectively. The cells were collected after digestion with pancreatin, washed twice with PBS, centrifuged to remove the supernatant, collected and placed on ice for lysis. The proteins were quantified using the BCA method. Protein electrophoresis SDS-PAGE, membrane-transfer, immunoreactions, development and gel electrophoresis image analysis were performed for p21, p53, Bax, Bcl-2, CDK and CyclinD1.
Enrichment of lysine-acetylated proteins 
Five dishes of AGS cells were added to complete medium containing a final concentration of 0.5 μmol/L TSA, and another five dishes of cells were directly placed in new medium as the control. Cell lysis was performed after incubation in the medium for 24 h, and all protein concentrations were adjusted to 5 mg/mL after determination using the BCA method. Total protein of 20 mg and lysine-acetylated mAb of 0.5 mL (CNBr Activated Sepharose 4B) were mixed, incubated in a table concentrator at 4℃ for 5 h, washed 3 times and collected for vacuum drying. The lysine-acetylated proteins were enriched and dissolved in PBS. Electrophoresis, silver-staining and photographs of the total proteins of 2 μg taken from each dish after the proteins were quantified with BCA were carried out. Western blot was performed on all proteins in each group to determine the effect of acetylation (20 μg total protein from AGS cells not treated and treated with 0.5 μmol/L TSA, respectively; 20 μg flow-through proteins incubated with the antibody gel column in AGS cells not treated and treated with 0.5 μmol/L TSA respectively; and 100 ng total proteins enriched after incubation with antibody gel column in AGS not treated and treated with 0.5 μmol/L TSA, respectively). Acetyl-α-tubulin (Lys40) (D20G3) XP® Rabbit mAb was the primary antibody and Goat anti-rabbit IgG-HRP was the secondary antibody.
Identification of in-gel protein with mass spectrometry 
The enriched protein band on silver-stained gel (72 kD before exposure to TSA and 28 kD after exposure to TSA), was broken down in the gel with enzyme (trypsin for 20 h), and the decomposed peptide was extracted for ESI MS detection. After the chromatographic column was equilibrized with 95% solution A (0.1% formic acid solution), the sample was fed into a Trap column. From 0 to 50 min, the linear gradient of solution B (78% acetonitrile solution containing 0.1% formic acid) increased from 4% to 50%; from 50 min to 54 min, the linear gradient of solution B increased from 50% to 100%; from 54 min to 60 min, the linear gradient of solution B was maintained at 100%. Twenty fragmentographies (MS2 scan) were collected by mass-to-charge ratio of the polypeptides and polypeptide fragments after full scan. The raw file was searched with BIOWORKS software in the relevant database to determine the protein. The database was ipi.HUMAN.v3.53. SEQUEST screening parameters were as follows: when Charge +1, Xcorr ≥ 1.9; when Charge + 2, Xcorr ≥ 2.2; and when Charge +3, Xcorr ≥ 3.75; wherein DelCN ≥ 0.1. 
Identification of acetylated sites using mass spectrometry 
Experimental methods for cell lysis, protein extraction and acetylated peptides affinity enrichment were obtained from published techniques [8]. The resulting peptides were assayed by continuous separation using SCX followed by C18 columns (Dionex, Sunnyvale, CA, United States) before being subjected to MS/MS analysis using an LTQ-Orbitrap mass spectrometer (Thermo Electron, Bremen, Germany).

Protein sequence database search and manual verification 

The MS data were initially searched against the NCBI database with the aid of the Sequest search engine. Searches for acetylated peptides were done against the Homo sapiens proteins database. The search engine MASCOT (Matrix Science, London, United Kingdom) was used for the database search, and extract_msn.exe version 4.0 was used for peaklist generation. A low cutoff of the peptide score of 20 was selected to maximize the identification of lysine-acetylated peptides. Trypsin was specified as the proteolytic enzyme, and up to 6 missed cleavage sites per peptide were allowed. Carbamidomethylation of cysteine was set as a fixed modification and oxidation of methionine and acetylation of lysine as variable modifications. Charge states of +1, +2, or +3 were considered for parent ions. Mass tolerance was set to ± 4.0 Da for parent ion masses and ± 0.6 Da for fragment ion masses. Acetylated lysine-containing peptides identified with a MASCOT score of 25 were manually verified by the method described by Chen [9]. 

Detection of acetylated proteins
One dish of normal AGS cells was collected as the 0 h sample after digestion with pancreatin, and a further 3 dishes of cells were added with a final concentration of 0.5 μmol/L TSA and incubated with 5% CO2 in an incubator at 37℃ for 6, 12, and 24 h. The collected cells were digested with pancreatin, re-suspended, and decomposed by ultrasound on ice. The decomposed cells were centrifuged at 15000 ×g and 4℃ for 30 min and the supernatant was obtained for identification of protein concentration using the BCA. Five mg of total protein was mixed with 50 μg of the M2 isoform of pyruvate kinase antibody (anti-PKM2) and the ATP synthase subunit O antibody (anti-ATP5O) (covalently cross-linked with CNBr Activated Sepharose 4B) and incubated  in an incubator at 4℃ for 5 h. The gel column was washed 3 times and the washed proteins were collected. The protein content of ATP5O[10] and PKM2[11] in the 4 samples was determined using Western blot. After binding, the washed proteins with the anti-acetylated lysine antibodies, and the protein content of ATP5O and PKM2 in the 4 samples were detected using Western blot.
RESULTS
Effect of TSA on AGS cell proliferation, apoptosis and cell cycle
CCK-8 experiments showed that AGS cells were significantly reduced after the addition of 0.25 μmol/L TSA and AGS cell proliferation was more obviously inhibited after the addition of 0.5 μmol/L TSA. Therefore, TSA significantly inhibited proliferation of the gastric cancer cell line (Figures 1 and 2). The bivariate scatter diagram of flow cytometry showed more apoptotic and necrotic AGS cells after treatment with 0.25 μmol/L TSA (Figure 3). The flow cytometry cycle diagrams showed that the AGS cell cycle ratio before TSA treatment was as follows: %G1 = 26; %S = 53.5; %G2 = 17.7, and the AGS cell cycle ratio after 0.25 μmol/L TSA treatment was as follows: %G1 = 44.6; %S = 20.9; %G2 = 31.3. Therefore, TSA induced apoptosis and necrosis of AGS cells, and cycle arrest mainly occurred in G0/G1 and G2/M phases, especially in G0/G1 phase (Figure 4).
Observation of p21, p53, Bax, Bcl-2, CDK2 and CyclinD1 expression levels after TSA treatment using real-time PCR and Western blot
Real-time PCR results showed that more p21, p53 and Bax mRNA was expressed after AGS cells were exposed to 0.25 μmol/L TSA, and the expression levels were increased with TSA treatment duration, while less Bcl-2, CDK2 and CyclinD1 mRNA was expressed after TSA treatment, and the expression levels were decreased with TSA treatment duration (Figure 5). The expression levels of the above six cell cycle-related proteins in AGS cells shown in Western Blot were the same as the levels shown in Real-time PCR (Figure 6).
Enrichment of lysine-acetylated proteins
In AGS cells enriched with lysine-acetylated monoclonal antibodies, the enriched proteins were located at 72 kD before exposure to 0.5 μmol/L TSA shown by silver-staining, but appeared at 55 kD, 28 kD and 17 kD after exposure to 0.5 μmol/L TSA, which was consistent with the Western blot results (Figure 7). Some studies have shown that the enriched proteins at 55 kD and 17 kD were tubulin and histone protein, respectively. In our experiments which were designed to determine the modified proteins enriched by lysine-acetylated monoclonal antibodies, total protein in the cytoplasm, flow-through proteins, and enriched proteins all showed obvious bands. No obvious bands for these three proteins were found before TSA treatment (Figure 8), which indicated that the protein enrichment method with lysine-acetylated monoclonal antibodies was effective and credible. 
Identification of in-gel proteins by mass spectrometry
Mass spectrometry was carried out on the unknown protein bands, 72 kD (before TSA treatment) and 28 kD (after TSA treatment), which were enriched and modified by lysine acetylation to obtain ESI MS total ion chromatography (Figure 9). We searched the protein database ipi.HUMAN.v3.53 with the SEQUEST program according to the set screening parameters. The results indicated that 72 kD (before TSA treatment) was PKM2, and 28 kD (after TSA treatment) was ATP5O in AGS cells (Figure 10).
Identification of acetylated sites using mass spectrometry and detection of acetylated proteins
We screened all peptide sequences obtained by detection of the acetylated sites using mass spectrometry. In the plasmosin of normal AGS cells, we found 602 acetylated peptides, 171 unique peptides and 136 acetylated sites (Table 2). Cell cycle G0 analysis showed that the identified proteins contained chromatin, nucleosome, DNA components as well as chromatin modification, protein acetylation, glucose metabolism and other biological processes. These components were mainly involved in cellular components such as chromatin, nucleoplasm and organelles, and these molecular functions were mainly associated with cell proliferation and apoptosis (Figure 11). In these acetylated peptides, the presence of ATP5O indicated that ATP5O had modified sites (Figure 12). In the mass spectrometry results, most of the identified proteins had a cover percent greater than 20%, and a score greater than 25, which proved that the mass spectrometry identification results were correct. Further validation of the acetylated proteins, ATP5O and PKM2, showed that the total amount of ATP5O and PKM2 proteins did not change with the treatment duration of 0.5 μmol/L TSA, however, more ATP5O was acetylated than PKM2 (Figure 13), which indicated acetylation of ATP5O and deacetylation of PKM2 after TSA treatment.
DISCUSSION
Modern oncology theories have revealed that genetic defects and gene epigenetic changes lead to malignant tumors. Epigenetics has shown acetylation of DNA methylation and histone, which are involved in gene transcription and expression, thus regulating DNA functions [12-14]. TSA derives from a natural hydroxamic acid, HDACi, which inhibits the activity of HDACs by binding the hydroxamic acid ligand with zinc ions at the bottom of the HDAC tubular structure[15]. Cancer research has discovered that TSA can arrest cell cycle, induce cell apoptosis, regulate cell differentiation and inhibit cell migration in the absence of cytotoxicity[16-18]. We found that the proliferation of normally grown AGS gastric cancer cells was significantly inhibited after exposure to 0.25 μmol/L TSA, i.e. more apoptotic and necrotic cells. In addition, flow cytometry showed that the cycle arrest of AGS cells exposed to TSA occurred in G0/G1 and G2/M phases, which is consistent with other previous reports[19-22]. In the present study, cycle arrest in G0/G1 phase was more obvious.
Current studies indicate that TSA can activate histone acetylation to loosen the chromosome structure, thus endonuclease can easily access DNA, and TSA can block signal transduction pathways associated with cell proliferation by activating death receptors and mitochondrial apoptotic pathways, promoting transcription of tumor suppressor genes, which directly or indirectly induces tumor cell apoptosis [23-24]. Our research showed that the expression levels of tumor suppressor genes, p21, p53 and Bax, were increased after AGS cells were exposed to 0.25 μmol/L TSA, which increased with treatment duration, and the protooncogenes Bcl-2, CDK2 and CyclinD1 showed the opposite trend. These results are consistent with those of previous publications [22, 25-29], but different from some reports. The research of Suzuki et al[20] showed that TSA could reduce p53 expression level, although p21 and Bax expression levels were enhanced. The research of Juan et al [30] showed that deacetyltransferase can specifically lower p53 and p53-dependent genes. These different results may be the result of different group designs and study objectives, which need to be confirmed. In most research studies, P21waf1/cip1 is used as the transcript of target gene at p53 d downstream, a suppressor of cyclin and cyclin-dependent kinase, which can be combined with a variety of cyclins/CDK complexes by phosphorylation to inhibit cell growth in G2/M phase, thus inhibiting proliferation of tumor cells. It is believed that P21waf1/cip1 silencing mechanisms in tumor cells may be decided by epigenetic modifications of their chromatins, and their expression levels are regulated by histone acetylation [31]. Some research studies confirmed that HDACi-induced histone is acetylated in the P21waf1/cip1 gene promoter region, and P21waf1/cip1 may be a direct target of TSA[32].
It is clear that TSA plays a role in histone acetylation, however, the function of TSA in non-histone acetylation in the inhibition of tumor growth has rarely been reported. Therefore, we immunoprecipitated AGS cells before and after exposure to TSA with lysine-acetylated monoclonal antibodies, and found an enriched protein band at 72 kD before exposure and three enriched protein bands at 55 kD, 28 kD and 17 kD after exposure. The enriched proteins at 55 kD and 17 kD were found to be tubulin and histone, respectively. We extracted two unknown protein bands at 72 kD and 28 kD with gel and identified them by in-gel mass spectrometry and found that the 28 KD protein band was ATP5O. To further determine whether ATP5O showed lysine acetylation, we performed mass spectrometry on the acetylated sites of normal AGS cells. The results confirmed that ATP5O had acetylated sites. The verification experiment of acetylated protein showed that the degree of acetylation of ATP5O was increased with exposure time, while ATP5O expression level was not changed during the process. ATP5Ois the main component of the oligomycin-sensitivity donor protein (OSCP) subunit, ATP synthase, and located in human chromosome 21q22.1-Q22.2[33]. It is important for oxidation and phosphorylation. The component is not only associated with oxidative stress due to neurodegeneration, but also with human recombinant superoxide dismutase-1 (SOD1). Proteomics has become a main theme in life science research. Mass spectrometry has high sensitivity, high accuracy, and easy automation. Therefore, mass spectrometry-based identification methods have gradually become a standard for proteomics. We found that ATP5O was significantly acetylated after AGS cells were exposed to the deacetyltransferase inhibitor, TSA, using mass spectrometry technology, which indicated that the acetylation of ATP5O was dynamically regulated in cells. At present, no ATP5O acetylation mechanisms have been reported in the domestic or international literature. Further studies are needed to determine what role this dynamic regulation plays in tumor cells and through which paths ATP5O affects tumor generation and growth after acetylation. In addition, mass spectrometry showed that a large amount of acetylated PKM2 (isoform of modified pyruvate kinase) existed in differential proteins before AGS cells were exposed to TSA, however, acetylated PKM2 was significantly reduced after exposure to TSA. PKM2 is an isoenzyme of pyruvate kinase, and a specific protein in embryos and differentiated cells[34]. Mazurek[35] revealed that PKM2 is a crucial factor in tumor metabolism, promoting cell proliferation and leading to tumors. Lei Lv et al[36] confirmed that PKM2 K305 acetylation decreases PKM2 enzyme activity and promotes its lysosomal-dependent degradation via chaperone-mediated autophagy (CMA). Acetylation increases the interaction between PKM2 and HSC70, a chaperone for CMA, and its association with lysosomes. Ectopic expression of an acetylation mimetic K305Q mutant accumulates glycolytic intermediates and promotes cell proliferation and tumor growth. Further research is required on why acetylated PKM2 is reduced after AGS cells are exposed to TSA, what mechanisms affect the process, and whether TSA induces PKM2 deacetylation by activating other signaling pathways. 
One field of tumor research is to explore deacetyltransferase inhibitors which have little toxicity and good efficacy, and combine deacetyltransferase inhibitors with clinical cancer treatment, including the combination of deacetyltransferase inhibitors with chemotherapeutics or with gene therapies or other tumor apoptosis or differentiation-inducing agents to determine better individual therapy for all tumors. Our experiments demonstrated that TSA played a role in inhibiting proliferation, promoting apoptosis and affecting the normal cell cycle of AGS cells. Besides activation of a variety of tumor-related signaling pathways and involvement in histone acetylation, TSA may also influence the growth and metabolism of gastric cancer cells by acetylation of non-histone, such as modification of ATP5O. Exploring more deacetyltransferase inhibitors and their action sites is favorable in the development of new drugs.
COMMENTS
Background

The prevalence and mortality of gastric cancer in East Asia are higher than the world average values. In China, more than 400 000 new patients are diagnosed every year. In absence of targets, the traditional chemotherapies have severe side effect. Therefore cancer treatment and research are now focusing on the molecular targeted therapy due to its high selectivity, good efficacy and little side effects.
Research frontiers

Our study is the first to Select acetylated differential proteins before and after gastric cancer cells are exposed to trichostatin A (TSA) to explore the effect of lysine acetylation of related proteins on regulating the proliferation of gastric cancer cells. Moreover，sketch the lysine-acetylated proteins and the modified sites of AGS cells.
Innovations and breakthroughs

Previous researches are with the acetylation modification of deacetyltransferase inhibitor on histone, but rare studies focus on the acetylation modification of deacetyltransferase on non-histone. The study is on whether the acetylated non-histones is involved in tumor growth and metabolism, a high-resolution mass spectrometer is applied to detect the acetylated proteins and modified sites.

Applications 

The study provides an experimental basis for future studies on exploring more deacetyltransferase inhibitors and action sites thereof is favorable to the development of new drugs for cancer.

Peer review

This authors explored TSA can inhibit gastric cancer cell proliferation and ATP5O was obviously acetylated after TSA intervenes. Simultaneously, they sketched the acetylated proteins and modified sites in AGS cells. The paper is well presented and the result are interesting. 
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Figure 1 Proliferation of AGS cells exposed to different concentrations of trichostatin A for 72 h. AGS cells were significantly reduced after exposed to 0.25 μmol/L TSA and further reduced after treated with 0.5 μmol/L trichostatin A.
Figure 2 Effect of different concentrations of trichostatin A on inhibition of AGS cell proliferation in the CCK-8 experiment. The inhibition of AGS cells was gradually increased with increasing trichostatin A concentration 0 μmol/L, 0.015 μmol/L, 0.03 μmol/L, 0.06 μmol/L, 0.1 μmol/L, 0 .25 μmol/L, 0.5 μmol/L and 1 μmol/L.
Figure 3 AGS cell apoptosis changes before and after trichostatin A exposure by flow cytometry. Fluorescence staining was mainly seen in normal areas, but rarely in apoptotic and necrotic areas of unexposed AGS cells; staining appeared in the apoptotic and necrotic areas of AGS cells exposed to 0.25 μmol/L trichostatin A. 
Figure 4 AGS cell cycle changes before and after trichostatin A exposure by flow cytometry. The AGS cell cycle ratio before TSA treatment was: %G1 = 26; %S = 53.5; %G2 = 17.7, and the AGS cell cycle ratio after 0.25 μmol/L trichostatin A treatment was: %G1 = 44.6; %S = 20.9; %G2 = 31.3. Cycle arrest occurred in G0/G1, G2/M phases, especially in G0/G1 phase.
Figure 5 mRNA expression levels of p21, p53, Bax, Bcl-2, CDK2 and CyclinD1 in AGS cells exposed to 0.25 μmol/L trichostatin A shown by real-time polymerase chain reaction. The mRNA expression levels of Bcl-2, CDK2 and CyclinD1 were decreased and the mRNA expression levels of p21, p53 and Bax were increased 12 h after AGS cells were exposed to 0.25 μmol/L trichostatin A. The mRNA expression levels of Bcl-2, CDK2 and CyclinD1 were further decreased and the mRNA expression levels of p21, p53 and Bax were further increased 24 h after exposure.
Figure 6 The protein expression levels of p21, p53, Bax, Bcl-2, CDK and cyclin after AGS cells were exposed to 0.25 μmol/L trichostatin A shown by Western blot. The protein expression levels of Bcl-2, CDK2 and CyclinD1 were decreased and the protein expression levels of p21, p53 and Bax were increased 12 h after AGS cells were exposed to 0.25 μmol/L trichostatin A. The protein expression levels of Bcl-2, CDK2 and CyclinD1 were further decreased and the protein expression levels of p21, p53 and Bax were further increased 24 h after exposure.
Figure 7 Identification of differential proteins of lysine acetylation after trichostatin A treatment. A: silver staining showed the differential proteins of lysine acetylation in AGS cells after trichostatin A (TSA) treatment; B: Western blot showed the differential proteins of lysine acetylation in AGS cells after TSA treatment, “—” before TSA intervention; “+” after TSA intervention, Acetyl-α-tubulin (Lys40) (D20G3) XP® Rabbit mAb was the primary antibody and Goat anti-rabbit IgG-HRP was the secondary antibody.
Figure 8 Identification of the effectiveness of lysine-acetylated antibodies enriching acetylated proteins. Line 1: 20 μg total protein from AGS cells unexposed to trichostatin A (TSA); Line 2: 20 μg total protein from AGS cells exposed to 0.5 μmol/L TSA; Line 3: 20 μg flow-through protein from AGS cells unexposed to TSA, which was incubated with an antibody gel column; Line 4: 20 μg flow-through protein from AGS cells exposed to 0.5 μmol/L TSA, which was incubated with an antibody gel column; Line 5: 100 ng enriched protein from AGS cells unexposed to TSA, which was incubated with an antibody gel column; and Line 6: 100 ng enriched protein from AGS cells exposed to 0.5 μmol/L TSA, which was incubated with an antibody gel column.
Figure 9 MS total ion chromatography. A: 72 kD band of lysine-acetylated protein in AGS cells before trichostatin A (TSA) treatment; B: 28 kD band of lysine-acetylated protein in AGS cells after TSA treatment.
Figure 10 MS identification of peptides from silver staining gel. Mass spectra of 2 acetylated peptides from PKM2 and ATP5O are presented.

A. PKM2 “AEGSDVANAVLDGADCIMLSGETAK”; B ATP5O“FSPLTTNLINLLAENGR”.
Figure 11 G0 contents based on biological process, cellular components and molecular function in which differently modified proteins were significantly enriched. A: Biological process; B: Cellular components; C: Molecular function.
Figure 12 High-resolution MS/MS spectra of acetylated peptide at lysine 158 (GEVPCTVTSASPLEEATLSELK*TVLK) in ATP5O.
Figure 13 AGS cells were exposed to 0.5 μmol/L trichostatin A for the indicated time periods and then ATP5O and PKM2 protein were immunoprecipitated using an anti-ATP5O antibody and an anti-PKM2 antibody. Total ATP5O and acetylation of ATP5O were detected using an anti-ATP5O antibody and an antibody specific to acetylated lysine, respectively. Total PKM2 and deacetylation of PKM2 were detected using an anti-PKM2 antibody and an antibody specific to deacetylated lysine, respectively. ATP5O, PKM2 and β-Actin protein levels in the total lysate are also shown.

Table 1 Oligonucleotide sequences used in real-time polymerase chain reaction

	Gene
	Primer (5' to 3')
	Length（bp）

	β-actin


	β-actin _F: 5'TGGAGAAAATCTGGCACCA3'       

β-actin _R: 5' CAGGCGTACAGGGATAGCAC3'  
	189

	p21


	P21_F: 5' TCCAAGAGGAAGCCCTAATCC3'

P21_R: 5'ACAAACTGAGACTAAGGCAGAAGATG3'
	101

	p53


	P53_F: 5'TCAGTCTACCTCCCGCCATAA3'

P53_R: 5'GTGCAGGCCAACTTGTTCAGT3'
	231

	Bcl-2


	Bcl-2_F: 5'CCTTTTCTACTTTGCCAGCAAAC3'

Bcl-2_R: 5'GAGGCCGTCCCAACCAC3'
	149

	CDK2


	CDK2_F: 5'GCTAGCAGACTTTGGACTAGCCAG3' 

CDK2_R: 5'AGCTCGGTACCACAGGGTCA3'
	85

	CyclinD1


	CyclinD1_F: 5'AACAGAAGTGCGAGGAGGAG3'

CyclinD1_R: 5'CTGGCATTTTGGAGAGGAAG3'
	299

	Bax


	Bax _F: 5'CCAGGGTGGTTGGGTGAGACT3'

Bax_R: 5'TGGGAGGTCAGCAGGGTAGAT3'
	231


Bax: Bcl-associated X protein; Bcl-2: B cell lymphoma-2; CDK2: Cyclin-dependent kinase 2. 
Table 2 Proteomic identification of acetylated proteins in AGS cells
	Reference
	Sequence

	Filamin A, alpha
	K.TGVAVNKPAEFTVDAK*HGGK.A

	Heat shock cognate 71 kDa protein
	R.RFDDAVVQSDMK*HWPFMVVNDAGRPK.H

	Heat shock protein HSP 90-alpha
	R.MKENQK*HIYYITGETK.D
R.MK*ENQKHIYYITGETK.D

	Histone H2B type 1-C/E/F/G/I
	M.PEPAK*SAPAPK*K*GSK*K*AVTK*AQK.K

R.LLLPGELAK*HAVSEGTK.A

	Histone H2B type 1-D
	K.SAPAPK*K*GSK*K*AVTK*AQK*K.D

	Histone H2B type 1-H
	K.#KGSK*K*AVTK*AQK*K.D

	Histone H2B type 2
	K.SAPAPK*K*GSK*K*AVTK*VQK.K

	Ezrin
	R.QAVDQIK*SQEQLAAELAEYTAK.I

	Histone H4
	M.SGRGK*GGK*GLGK*GGAK*R.H

	Fructose-bisphosphate aldolase A
	K.DGADFAK*WR.C

	Histone H2B type 1-B
	K.K*GSK*K*AITK*AQK*K.D

K.SAPAPK*K*GSK*K*AITK*AQK.K

R.LLLPGELAK*HAVSEGTK.A

	Tubulin beta chain
	R.ISVYYNEATGGK*YVPR.A

	Histone H2B type 1-M
	K.K*GSK*K*AINK*AQK.K

	T-complex protein 1 subunit theta
	K.EGAK*HFSGLEEAVYR.N

	Tubulin beta-4B chain
	R.INVYYNEATGGK*YVPR.A

	Uncharacterized protein
	K.HELQANCYEEVK*DR.C

	Histone H3
	R.K*QLATK*AAR.K

R.K*STGGK*APR.K

	Glyceraldehyde-3-phosphate dehydrogenase
	R.VIISAPSADAPMFVMGVNHEK*YDNSLK.I

	Heterogeneous nuclear ribonucleoprotein Q
	K.SAFLCGVMK*TYR.Q

	Phosphoglycerate kinase 1
	R.FHVEEEGK*GK.D

	Histone H3.1t
	R.EIAQDFK*TDLR.F

	T-complex protein 1 subunit alpha
	K.DDK*HGSYEDAVHSGALND.-

	Phosphoglycerate mutase 1
	K.AETAAK*HGEAQVK.I

	Nucleophosmin
	K.VEAK*FINYVK.N

	60S ribosomal protein L3
	K.FIDTTSK*FGHGR.F

	ADP/ATP translocase 3
	K.QIFLGGVDK*HTQFWR.Y

	U1 small nuclear ribonucleoprotein 70 kDa
	R.VNYDTTESK*LR.R

	ATP5O ATP synthase subunit O, mitochondrial
	GEVPCTVTSASPLEEATLSELK*TVLK

	CREB-binding protein
	K.#KK*NNK*K*TNK*NK*SSISR.A

K.SHAHK*MVK*WGLGLDDEGSSQGEPQSK*SPQESR.R

R.KKEESTAASETTEGSQGDSK*NAK*K.K

	HUMAN Histone H2A.Z
	M.AGGK*AGK*DSGK*AK*TK.A

	Uncharacterized protein
	K.FK*YDDAER.R

	Uncharacterized protein
	K.SAFLCGVMK*TYR.Q

	Heat shock protein beta-1
	K.DGVVEITGK*HEER.Q

	T-complex protein 1 subunit beta
	R.EALLSSAVDHGSDEVK*FR.Q

	Galectin-1
	K.LPDGYEFK*FPNR.L

	Histone H2A type 1-H
	R.GK*QGGK*AR.A

	Asparagine synthetase
	K.VASVEMVK*YHHCR.D

	Retinoblastoma binding protein 7
	K.IECEIK*INHEGEVNR.A

	Glucose-6-phosphate isomerase
	R.SGDWK*GYTGK.T

	Uncharacterized protein
	R.EQCCYNCGK*PGHLAR.D

	Uncharacterized protein
	K.IASK*YDHQAEEDLR.N

	Actin-related protein 3
	K.EFNK*YDTDGSK.W

	Histone H2A type 2-B
	R.GK*QGGK*AR.A

	Uncharacterized protein
	K.ITIMPK*.H

	Programmed cell death protein 5
	K.HGDPGDAAQQEAK*HR.E

	Fumarate hydratase, mitochondrial
	K.VPNDK*YYGAQTVR.S

	Lamin-B receptor
	K.YGVAWEK*YCQR.V

	Uncharacterized protein
	K.VTGTLETK*YK.W

	PC4 and SFRS1-interacting protein
	K.TKDQGK*K*GPNK*K*.L

	26S protease regulatory subunit 10B
	K.VVSSSIVDK*YIGESAR.L

	Hematological and neurological expressed 1 protein
	R.RNPPGGK*SSLVLG.-

	Uncharacterized protein
	R.LNQVIFPVSYNDK*FYK.D

	Acyl-CoA-binding protein
	K.TK*PSDEEM@LFIYGHYK.Q

	Probable global transcription activator SNF2L2
	K.K*GK*GGAK.T

	Chromodomain-helicase-DNA-binding protein 4
	R.NLGK*GK.R

	Biorientation of chromosomes in cell division protein 1-like
	K.SLLEEK*LVLK*SK*.S

	Aspartate aminotransferase
	R.DVFLPK*PTWGNHTPIFR.D

	Histone-lysine N-methyltransferase MLL3
	K.TLVLSDK*HSPQK*K.S

	Bromodomain-containing protein 1
	R.HPSSPCSVK*HSPTR.E

	LINE-1 type transposase domain-containing protein 1
	R.KFQK*LKNKEEVLK*.A

	B-cell CLL/lymphoma 9-like protein
	R.GHCPPAPAK*PMHPENK*LTNHGK.T

	WD repeat-containing protein 46
	M.ETAPK*PGK.D

	Metastasis-associated protein MTA2
	R.VGCK*YQAEIPDR.L

	Cyclin-dependent kinase 11B
	R.SHSAEGGK*HAR.V

	Homeobox protein Hox-C8
	R.YQTLELEK*.E

	Ubiquitin carboxyl-terminal hydrolase 8
	R.KEEQEQK*AKK*K.Q

	28S ribosomal protein S9, mitochondrial
	K.AEAIVYK*HGSGR.I

	GDNF family receptor alpha-like
	K.K*CINKSDNVK*EDK*FK.W

	Solute carrier organic anion transporter family member 4C1
	K.FGK*SIK.D

	Ovochymase-1
	R.#GAFGISYIDLK*VLGPK.D

	Coiled-coil domain-containing protein 13
	K.KKIEEDRFAFTGTAGVAGDVVATK*.I

	Threonine synthase-like 1
	K.LSCGEWK*SLVGATYVER.A

	Secreted frizzled-related protein 1
	K.K*K*DLKKLVLYLK*.N

	Dynein heavy chain 3, axonemal
	R.LREAEGKLAAQMQK*.L

	Histone acetyltransferase KAT6B
	R.#QSPAKVQSK*NK*YLHSPESR.P !

	Polycomb protein SCMH1
	R.KPGK*K*R.G

	Zinc finger protein 512B
	K.#EK*K*K*NLAGGK*K*.R

	Dedicator of cytokinesis protein 7
	R.AHGELHEQFK*R.K

	Remodeling and spacing factor 1
	R.GK*DISTITGHR.G

	HIRA-interacting protein 3
	R.#TQLKGGK*R.L

	Ubiquitin-fold modifier-conjugating enzyme 1
	K.ICLTDHFK*PLWAR.N

	Uncharacterized protein
	K.QNKTK*R.Q

	Chromosome 1 open reading frame 149
	R.YLTNQK*NSNSK*NDR.R

	Uncharacterized protein
	K.#EK*GDK*K*EGKDVK*.V

	Uncharacterized protein
	K.NLACEESK*R.K

	Ubiquitin carboxyl-terminal hydrolase
	R.DLLQFFK*PR.Q

	Uncharacterized protein
	R.YLVASK*.E
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