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a b s t r a c t 

Bioactive compounds derived from natural products demon- 

strate a wide range of beneficial properties in cancer treat- 

ment. One popular approach to inhibiting cancer cell growth 

is by stimulating apoptosis. Interestingly, our research has 

discovered that traditional mushroom and isolated com- 

pounds from traditional herbs can induce apoptosis in A549 

cells while inhibiting tyrosine kinase activities. We have 

identified two extracts from traditional mushrooms, Phal- 

lus indusiatus and Fomes rimosus (Berk.) Cooke , which ex- 

hibit promising abilities to activate apoptotic events in 

cells. Additionally, isolated compounds such as Chamuan- 

gone, Cannabigerol (CBG), Cannabidiol (CBD), and NP1-cyclic 

peptide have also demonstrated significant apoptotic acti- 

vation capabilities. To further our understanding, we ana- 

lyzed phosphoprotein changes in A549 cells exposed to these 

extracts and compounds, both with and without epidermal 

growth factor (EGF) stimulation. Our positive controls were 

two known drugs, Afatinib and Osimertinib, which are ty- 

rosine kinase inhibitors with apoptotic stimulation abilities. 
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In order to enrich our understanding of the kinase path- 

way, we conducted phosphoprotein enrichment analysis and 

identified altered phosphoproteins using LC-MS/MS. Across 

these testing conditions, we found that 1228 phosphopro- 

teins were altered, providing valuable insights into the bio- 

chemical mechanisms underlying cell apoptosis in A549 cells 

through post-translational modifications of proteins. Further- 

more, our findings not only shed light on the mechanisms of 

cell apoptosis in A549 cells but also offer promising avenues 

for future research and therapeutic development. 

© 2024 The Author(s). Published by Elsevier Inc. 

This is an open access article under the CC BY-NC license 

( http://creativecommons.org/licenses/by-nc/4.0/ ) 
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Subject Proteomics 

Specific subject area TMT-based proteomics in cell lines 

Type of data Raw files, analyzed and processed files, Image, Table 

Data collection The data was acquired in data dependent mode by Orbitrap HF mass spectrometry coupled 

with Dionex Ultimate 30 0 0 nano-RSLC high-performance liquid chromatography system. 

Data source location Institution: National Center for Genetic Engineering and Biotechnology, National Science and 

Technology Development Agency 

City/Town/Region: Pathumtani 

Country: Thailand 

Data accessibility Repository name: ProteomeXchange Consortium via the PRIDE 

Data identification number: PXD050555 

Direct URL to data: https://www.ebi.ac.uk/pride/archive/projects/PXD050555 

. Value of the Data 

• The high-resolution mass spectroscopy-based phosphoproteomic dataset holds significant

value for research in the field of biochemistry. It provides the first comprehensive insight

into the response of A549 cells to various compounds including Phallus indusiatus extract,

Fomes rimosus (Berk.) Cooke extract, Chamuangone, CBG, CBD, and NP1-cyclic peptide. 

• This valuable information facilitates the identification of protein biomarkers, which could

play a crucial role in predicting disease progression and evaluating responses to bioactive

compounds. 

• Notably, this dataset marks the first phosphoproteome profiling encompassing two known

cancer drugs, namely afatinib and Osimertinib. Researchers can utilize these data for compar-

ative analyses with their own drug candidates, enhancing the efficacy of their experiments. 

• These data serve as a resource for researchers seeking to identify specific protein biomarkers

within the dataset. Furthermore, they aid in delineating potential pathways for enhancing

diagnostic and therapeutic approaches, as well as in identifying targets for novel drug devel-

opment. 

. Background 

We conducted a comprehensive screening of bioactive compounds sourced from natural

roducts, specifically targeting those capable of inducing apoptosis while inhibiting tyrosine ki-

ase activity. Two extracts from traditional mushrooms, Phallus indusiatus and Fomes rimosus

Berk.) Cooke , exhibited promising abilities to activate apoptotic events in cells [ 1 , 2 ]. These ex-

racts are linked to the inhibition of tyrosine kinase inhibitors (TKI) and the epidermal growth

http://creativecommons.org/licenses/by-nc/4.0/
https://www.ebi.ac.uk/pride/archive/projects/PXD050555
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Table 1 

The sample code for isobaric tags with experimental condition. 

Reporter Mass tag Condition Origin Column name 1 

TMT-126 Afatinib Pure compound Reporter intensity corrected 1 

TMT-127N Phallus indusiatus Extracts Reporter intensity corrected 2 

TMT-127C Chamuangone Pure compound Reporter intensity corrected 3 

TMT-128N With epidermal growth factor (EGF) – Reporter intensity corrected 4 

TMT-128C CBG Pure compound Reporter intensity corrected 5 

TMT-129N CBD Pure compound Reporter intensity corrected 6 

TMT-129C Fomes rimosus (Berk.) Cooke Extracts Reporter intensity corrected 7 

TMT-130N Without EGF – Reporter intensity corrected 8 

TMT-130C NP1-cyclic peptide Pure compound Reporter intensity corrected 9 

TMT-131 Osimertinib Pure compound Reporter intensity corrected 10 

1 It refers to the Excel file containing the phosphoproteomics results, named ‘protein_abundance.xlsx’. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

factor receptor (EGFR) pathways, both critical in cancer therapy. Additionally, isolated com-

pounds such as Chamuangone, CBG, CBD, and NP1-cyclic peptide have demonstrated significant

apoptotic activation capabilities [ 3-5 ]. These compounds can influence phosphorylated proteins

by altering phosphorylation states within signaling pathways, potentially leading to the develop-

ment of novel anti-cancer treatments targeting key regulatory proteins involved in cell growth

and apoptosis. The integration of these natural extracts and compounds into therapeutic strate-

gies highlights their potential in enhancing the efficacy of existing cancer therapies, particularly

through the modulation of TKI and EGFR pathways. Our investigation encompassed a diverse

range of compounds, including pure compounds and compound mixtures, all evaluated within

the A549 cell line, which is an EGFR-positive human lung cancer cell line. To delve into the

underlying molecular mechanisms, we employed phosphoproteomics analysis, which enabled 

us to comprehensively assess the impact of these bioactive compounds on cellular pathways.

Through labeling digested proteins with distinct isobaric tags, we meticulously examined the

cellular response to each compound. In our experimental design, we included two established

chemical drugs, Afatinib and Osimertinib, serving as positive controls. These drugs, both kinase

inhibitors utilized in cancer treatment, operate via distinct mechanisms and target different ki-

nases. By comparing the effects of our test compounds with these controls, we aimed to elu-

cidate their potential therapeutic relevance and mechanisms of action. Among the compounds

examined were extracts from Phallus indusiatus and Fomes rimosus (Berk.) Cooke , as well as spe-

cific compounds like Chamuangone [ 6 ], CBG, CBD, and NP1-cyclic peptide [ 5 ]. The A549 cell

line was chosen to model the study of TKI due to its relevance in non-small cell lung cancer

(NSCLC) research. A549 cells are derived from a human lung adenocarcinoma, making them a

representative model for NSCLC. They have been extensively used to study the effects of vari-

ous tyrosine kinase inhibitors on apoptosis events. Our investigation encompassed evaluations

of these extracts and compounds in the A549 cells, providing insights into their efficacy and

potential interactions with growth factor signaling pathways. 

3. Data Description 

In this dataset, a total of ten experimental conditions were examined using TMT-based phos-

phoproteomics. These conditions included treatments with various compounds and extracts: 

Phallus indusiatus extract, Fomes rimosus (Berk.) Cooke extract, Chamuangone, CBG, CBD, NP1-

cyclic peptide, Afatinib, and Osimertinib. Each of these compounds was investigated under two

overarching cellular environments—one stimulated with EGF and the other without EGF stimu-

lation (plain cells for control condition). Our samples were labelled using different TMT tags as

shown in Table 1 . 

The instrument and sample processing were validated to ensure the reliability of the

dataset. Consequently, the base peak chromatogram (BPC) of four fractions of phosphopeptides
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Table 2 

Elution information of phosphorylated peptides that passed through High pH Reversed-Phase fractionation, along with 

the corresponding LC-MS/MS file names correlated with each fraction. 

Fraction No. Acetonitrile (μL) 0.1 % Triethylamine (μL) %acetonitrile File name (.raw) 

1 50 950 5 F1_1.raw, F1_2.raw, and F1_3.raw 

2 100 900 10 F2_1.raw, F2_2.raw, and F2_3.raw 

3 220 780 22 F3_1.raw, F3_2.raw, and F3_3.raw 

4 60 40 60 F4_1.raw, F4_2.raw, and F4_3.raw 

Fig. 1. BPC of phosphopeptides. The x-axis represents retention time, while the y-axis indicates intensity. Chro- 

matograms for the 5 %, 10 %, 22 %, and 60 % acetonitrile fractions are depicted in black, red, green, and blue, 

respectively. (For interpretation of the references to color in this figure legend, the reader is referred to the web version 

of this article.) 

(  

d  

e

 

f  

r  

t  

t  

s  

p  

n  

t

 

a  

o  

p  

v  

t  

a  

P

 

f  

t  

w  

p  
as outlined in Table 2 ) is presented in Fig. 1 . Notably, the BPC across various fractions exhibits

istinct profiles. Specifically, the mass spectra within the 22 % and 60 % acetonitrile fractions

xhibited higher peak intensities compared to those in the 5 % and 10 % acetonitrile fractions. 

Phosphoproteomic data were acquired using LC-MS/MS, resulting in a total of 1329 proteins

rom 4 fractions and 3 technical replicates for each group (12 samples in total). To ensure the

eliability of the results, proteins containing only one peptide were excluded. The protein in-

ensities for each condition are listed in the ‘Reporter intensity corrected’ column of the ‘pro-

ein_abundance.xlsx’ file. The correlations between experimental conditions and protein inten-

ity of the Excel file are presented in Table 1 . Please refer to the Excel file for the identified

roteins and their corresponding gene names, which are listed in the ‘protein names’ and ‘gene

ames’ columns, respectively. Additionally, the file includes information on the number of iden-

ified peptides, unique peptides, and q -value. 

PCA on phosphoproteomic data was successfully done. The two principal components (PC1

nd PC2) were used to visualize the data, providing insights into the clustering and separation

f samples based on their phosphoproteomic profiles ( Fig. 2 ). The PCA revealed that PC1 ex-

lains approximately 96.32 % of the variance and the PC2 explains approximately 1.38 % of the

ariance. Together, the first two principal components account for approximately 97.7 % of the

otal variance in the dataset. This high percentage of variance explained by the combined PC1

nd PC2 suggests that the experimental groups are mostly differentiated along the x-axis in the

CA space. 

Given the inclusion of two positive control drugs in the experiments, the PCA analysis of-

ers valuable insights as a preliminary guideline for understanding the response of phosphopro-

eins. Specifically, phosphoproteins responding to CBD and CBG exhibited a closer association

ith Osimertinib than with Afatinib, as highlighted in the purple region of Fig. 1 . Conversely,

hosphoproteins associated with Phallus indusiatus extract, Fomes rimosus (Berk.) Cooke extract,
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Fig. 2. PCA of phosphoproteomics data across experimental groups. This plot visualizes the distribution of 10 experi- 

mental groups, including negative control (EGF and without EGF), positive control (Afatinib and Osimertinib) and treated 

samples. The plot delineates the clustering of samples, with specific regions highlighted to indicate similarities in phos- 

phoprotein expression profiles: the purple region suggests a closer relationship between phosphoproteins responding to 

CBD and CBG with Osimertinib, while the blue region indicates a greater similarity of phosphoproteins associated with 

Phallus indusiatus extract, Fomes rimosus (Berk.) Cooke extract , Chamuangone, and NP1 peptide to Afatinib. (For interpre- 

tation of the references to color in this figure legend, the reader is referred to the web version of this article.) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Chamuangone, and NP1 peptide showed a greater proximity to Afatinib than to Osimertinib,

depicted in the blue region of the same figure. This differential clustering provides a basis for

further exploration into the specific interactions and pathways influenced by these conditions. 

The relative phosphoprotein abundance from all experimental group were aligned together

and clustered using the Self Organizing Tree Algorithm (SOTA) to get a holistic view of the phos-

phoproteome profiling across all experimental groups ( Fig. 3 ). After clustering, eleven distinct

clusters were constructed based on the phosphoprotein profiling. 

The columns in the SOTA dendrogram represent the relative abundance of phosphoproteins

across 10 experimental groups. Each column corresponds to an experimental testing code as in-

dicated in Table 1 . The rows depict the average abundance level of proteins within each cluster.

Red indicates higher abundance levels, while green indicates lower abundance levels. The anal-

ysis unveiled that Cluster ID eleven (highlighted in red) exhibits the highest cluster diversity

(2.20), encompassing 25 proteins. 

4. Experimental Design, Materials and Methods 

4.1. Experimental design, treatment condition, and sample coding correlation 

The effect of bioactive compounds on A549 cells was explored through a phosphoproteomics

approach. Before setting up the experiment, the A549 cells were maintained at 37 °C in a hu-

midified incubator with a 5 % CO2 environment in Dulbecco’s Modified Eagle’s Medium with l-

glutamine, supplemented with 10 % fetal calf serum (FBS), 1 × non-essential amino acids, 1 mM

sodium pyruvate, and antibiotics (100 μg/mL penicillin and 10 μg/mL streptomycin) (Gibco, USA).

The medium was replenished every 3 days for 3 cycles. After that, A549 cells were treated with
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Fig. 3. SOTA of phosphoprotein abundance by experimental sample. The heat-map shows the similarity of protein abun- 

dance in each experimental sample group. The differential phosphoprotein abundance was grouped into 11 clusters with 

different phosphoprotein profiles using centroid distance. Color key expression: green and red represent the lower and 

higher differential changes. (For interpretation of the references to color in this figure legend, the reader is referred to 

the web version of this article.) 
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resh medium containing 0.1 % FBS. The concentration of all extracts and compounds in this ex-

eriment was fixed at 10 μg/mL for the Phallus indusiatus extract and Fomes rimosus (Berk.) Cooke

xtract, and 10 μM for Chamuangone, CBG, CBD, NP1-cyclic peptide, Afatinib, and Osimertinib,

espectively. After 24 h of incubation, the cells were harvested for protein extraction. We had

ne condition with EGF stimulation to validate tyrosine kinase activation. The condition without

GF was used as the plain cells or control condition for this experiment. We employed isobaric

ass tags, TMTTM 10 plex, to label the different 10 experimental groups. These labelled samples

ere pooled into a single reaction, fractionated, and analyzed simultaneously. The conditions

nd intensities of the isobaric mass tags within each experimental group are detailed in Table 1 .

.2. Protein extraction, cleaning-up and digestion 

A549 cells in various conditions were lysed using a lysis buffer solution, comprising 0.5 %

ritonX-100, 2 mM TCEP, 50 mM HEPES-KOH (pH 8.2), and supplemented with a protease and

hosphatase inhibitor cocktail. The lysed tissue was subjected to sonication at 80 % amplitude,

lternating 3 s on and 7 s off for a total of three cycles (30 s in total). The protein solution

as collected by centrifugation at 14,0 0 0 g for 20 min at 12 °C. The protein concentrations were

etermined by the bicinchoninic acid assay kit (Pierce, New York, NY, USA), using bovine serum

lbumin as the standard. For phosphoprotein enrichment analysis, we used 3 mg. at concentra-

ion of 5 μg/μL for the enrichment. The phosphoprotein enrichment was conducted by Pierce®

hosphoprotein Enrichment Kit (Thermo Fisher Scientific, USA). Subsequently, the protein con-

entration was adjusted to 1 μg/μL by diluting the protein solution with the binding/washing

eagent to achieve a final concentration of 1 μg/μL, following the instructions provided in the

it. The elution of phosphoproteins was carried out using size-exclusion chromatography with

ebaTM Spin Desalting Columns (Thermo Fisher Scientific, USA). Following elution, the protein

oncentration of the flow-through fraction was measured and adjusted to 0.6 μg/μL. 
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A total of 60 μg protein was subjected to gel-free based digestion using previous protocol

with minor modification [ 7 ]. Briefly, the protein solution was precipitated using ice-cold acetone

at 1:10 (v/v) ratio at −20 °C for 16 h. Then, the samples were subjected to centrifugation at

16,0 0 0 g for 15 min and the supernatants were discarded. The protein pellet was reconstituted

in 0.25 % RapiGest SF (Waters, UK) in 10 mM HEPES-KOH, pH 8.2 and 5 mM NaCl. For the

protein digestion and clean-up, the protein amount of 30 μg was subjected to gel-free-based

digestion method. Reduction of the sulfhydryl bonds by using 2 mM TCEP in 10 mM HEPES-KOH,

pH 8.2 at 60 °C for 1 hour and alkylation of sulfhydryl by 10 mM IAA in 10 mM HEPES-KOH,

pH 8.2 at room temperature for 40 min in the dark. The solution was cleaned up by the

ZebaTM Spin Desalting Columns (Thermo Fisher Scientific, USA). The flow-through solution was

enzymatically digested by trypsin (Promega, Germany) at a ratio of 1:50 (enzyme: protein) and

incubated at 38 °C for 3 h. The reaction was terminated by incubation at 90 °C for 15 min.

The supernatant was collected by centrifugation at 16,0 0 0 g for 20 min. The tryptic peptides

were dried and reconstituted in 25 μL of 100 mM HEPES-KOH, pH 8.2 prior to labeling. Peptide

concentration is measured using peptide quantification kit (PierceTM Quantitative Peptide Assays

& Standards). The experiment was conducted in three independent experiments ( n = 3). For

TMT labeling (after reconstituting each tube with 41 μL of acetonitrile), all of phosphorylated

peptides from each sample were labeled using TMT10plexTM Label reagent set (Lot:XE342654)

reaction for 1 hour at room temperature. The sample group of the experiment was already

shown in Table 1 . The reaction was quenched using 5 % hydroxylamine for 15 min at room

temperature. All labeled samples were combined into a single tube, dried, reconstituted in 1 %

TFA, and underwent desalting and clean-up using the PierceTM High pH Reversed-Phase Peptide

Fractionation Kit (Thermo Fisher Scientific, USA). The phosphorylated peptides underwent

fractionation into four fractions utilizing acetonitrile and triethylamine at a volume of 350 μL

per fraction. Detailed information regarding the fractionations, including corresponding file

names in the raw data, is presented in Table 2 . 

All fractions were dried by speed-vacuum, reconstituted in 0.1 % formic acid, and transferred

to a TruView LCMS vial (Waters, UK). Each fractionation was injected independently in triplicate

for technical replication. 

4.3. LC-MS/MS setting for TMT-based proteomics analysis 

The LC-MS/MS spectrum data were collected in the positive mode with an HF Hybrid

Quadrupole-OrbitrapTM Mass Spectrometer combined with nano-LC system equipped with an 

EasySpray C18 column (Thermo ScientificTM ES903; 75 μm × 50 cm, 2.0 μm) using previous

protocol with minor modifications [ 7 ]. Briefly, mobile phase A consisted of 0.1 % formic acid

in water and mobile phase B consisted of 95 % acetonitrile with 0.1 % formic acid. Separation

was conducted with a linear gradient of 5 %–50 % mobile phase B at a constant flow rate of 300

nL/min over a period of 175 min. The TMT-labelled tryptic peptides were analyzed by applying a

data-dependent acquisition method, followed by a higher-energy collisional dissociation (HCD).

Normalized collision energy by HCD was set at 32. Full scan mass spectra were acquired at an

m/z ratio of 400 to 1500 with an AGC target set at 3 × 106 ions, a resolution of 120k, and in-

jection time was 60 ms. MS/MS scanning was initiated when the automatic gain control target

reached 3e6 ions and, a resolution of 60k, and injection time was 100 ms. Isolation windows was

1.4 m/z . The mass spectrometry proteomics data have been deposited to the ProteomeXchange

Consortium via the PRIDE partner repository with the dataset identifier PXD050555 [ 8 ]. 

4.4. Data analysis for TMT-based proteomics analysis 

Raw files from all fractions ( n = 12) were analyzed using Maxquant (version 2.0.11) [ 6 ]. The

reporter ion (MS2) was The peptides quantification is performed by measuring the intensities of

fragment reporter ions (TMT126 – TMT131 ) using default setting. The reporter ion isotopic distri-

bution was corrected follow Table 3 . 
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Table 3 

TMT-reporter ion correction value. The correction values indicating the percentages of each reporter ion that have 

masses differing by the nominal reporter ion mass. 

Reporter 

Mass tag 

Mass of reporter 

ion (Da) 

Reporter ion isotopic distribution (%) 

−2 −1 Mono. mass + 1 + 2 

TMT-126 

TMT-127N 

TMT-127C 

TMT-128N 

TMT-128C 

TMT-129N 

TMT-129C 

TMT-130N 

TMT-130C 

TMT-131 

127.127726 

127.124761 

127.131081 

128.128116 

128.134436 

129.131471 

129.137790 

130.134825 

130.141145 

131.138180 

- 

- 

- 

- 

- 

- 

0.3 

- 

- 

0.1 

- 

0.1 

0.8 

1.2 

1.3 

1.5 

2.7 

2.2 

3.1 

2.9 

- 

- 

- 

- 

- 

- 

- 

- 

- 

7.4 

7.8 

6.9 

6.3 

5.7 

5.7 

4.8 

4.6 

3.6 

3.8 

- 

0.1 

0.1 

- 

0.1 

0.1 

- 

- 

- 

- 
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The mass spectra were searched against the Human database (reviewed UniProtK; 20,434

equences; retrieved on January 15, 2024) using the following criteria: strict trypsin speci-

city, allowing up to two missed cleavages, a fixed carbamidomethyl modification on cysteine

 + 57.0215 Da), TMT tags on the peptide N-terminus and lysine, with methionine oxidation

 + 15.9949 Da), and N-terminal acetylation ( + 42.0106 Da) as variable modifications. The search

arameters included a precursor ion tolerance of 20 ppm. A 1 % false discovery rate threshold

as applied at the protein level. All other MaxQuant settings were kept at default [ 2 ]. For post-

rocessing analysis, phosphoprotein expression data were adjusted by adding “1” to all matrix

ata and then transformed into Log2 values. PCA was performed using the scikit-learn library, a

idely-used machine learning library in Python. Specifically, the PCA implementation from the

ecomposition module of scikit-learn was utilized [ 9 ]. The heatmap depicting phosphoprotein

bundance was generated using the MultiExperiment Viewer (MeV) for SOTA clustering based

n the expression data, following previously reported methods without any modifications [ 10 ]. 

imitations 

Our analysis could not be conducted for bio-replication analysis due to the substantial

mount of protein samples. Following phosphoprotein enrichment experiments, we successfully

ecovered approximately 4 % of phosphoproteins from the whole proteins. 
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