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Company Profile

PTM BIO is a biotechnology company specializing in mass spectrometry-based proteomics, PTM profiling, antibody
development, and integrated research services. By combining advanced mass spectrometry platforms, proprietary enrich-
ment reagents, automated sample preparation, and bioinformatics expertise, PTM BIO supports research workflows from
protein discovery and guantitative profiling to target validation and mechanistic investigation. Our service portfolio spans
global proteomics, post-translational modification profiling, blood proteomics, spatial proteomics, single-cell proteomics,

and chromatin profiling technologies.

An Innovative Platform-driven High-tech Enterprise
Integrating R&D, Production, and Technical Services

Proteomics Technology PTMab®Antibody Biomarker

Services Reagents Discovery
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General Proteomics Services

Overview

Proteomics: Proteins are active biological macromolecules that carry out biological functions. Proteomics is a systems biol-

ogy technology that comprehensively analyzes the entire state of proteins. Compared to genomics and transcriptomics, pro-

teomics directly and comprehensively resolves the protein abundance or post-translational modification levels in samples,

uncovering protein-specific regulatory mechanisms that cannot be determined at the gene and transcriptional levels. It is the

core content of the 'post-genome’ era and holds great significance for deepening our understanding of the essence of life phe-

nomena, disease mechanisms,disease diagnosis,and even drug development.
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Research Methods

mation in biological
systems, from DNA
(genome) to RNA (tran-
scriptome) to proteins

Proteomic studies can reveal the physiologi-

cal mechanisms of animals and plants, such
as growth and development, neural signal
transduction. It also provides theoretical foun-
dations and solutions for elucidating the
mechanisms of various diseases, such as
tumor metastasis, cardiovascular diseases,
etc. Furthermore, screening protein biomark-

ers can provide molecular markers for the
early diagnosis and treatment of diseases.

A Proteomics-Driven
Precision Medicine

Quantitative Proteomics Analysis: 10X Proteomics, 4D-FastDIA/4D-LFQ, TMT/TRAQ, label-Free, etc.

Method Technical Principle Advantages Limitations Recommended Applications
, Ultra-fast acquisition at >300 Hz, nghterthroughput. deepsr Requires specialized Larg?-scale pmtspme and PTIM
10X Proteomics L nabling near-complete ion utilization proteome coverage, an MS instrumentation profiling across diverse sample
improved sensitivity types
- . . High reproducibility, deeper . .
lon mobility-assisted DIA acquisition . Requires specialized . .
g. 4D-FastDIA for near-complete ion utilization coverage, no n_ee_d for library MS instrumentation Large-scale proteomics analysis
pre-building
o Prot d PTMomi
o Label-Free i i i i Flexible workflow and broad More missing values and ro eome an X omics
8 MS1-based intensity quantification - : ng Lo analysis across diverse
Quantification tyq sample compatibility relatively lower reproducibility sample types
: : " Improved identification depth, ! - Proteome and PTMomics
MS1-based intensity quantification N Requires specialized
4D-LFQ . h quantification accuracy, and qu - analysis across diverse
th 4D feature al t Y
wi eature alignmen reproducibility MS instrumentation sample fypes
5 Comparative quantification of 2-18
g
E TMTITRAQ Isobaric labeling-based High reproducibility and Subject to ratio samples per batch; commonly
= ! quantification well-established workflow compression used for paired designs and
g accurate relative quantification
o
2 H d Fi d f
. P igh sensitivity and accuracy, Limited to predefined proteins ollow-up validation o
% 4D-PRM/PRM Targetegfh:gi(g:zegegltjizggﬁcatmn enables precise absolute or peptides; not suitable for candidate proteins or
o quantification global proteome profiling peptides
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10X Deep Proteomics Profiling

Service Overview

Proteomics and PTMomics studies are core drivers of the post-genomic era and precision medicine, providing endless mo-
mentum for the development of life sciences and basic medical research.

10X Proteomics is a significant advancement based on the next-generation Orbitrap Astral and tims TOF HT high-resolution
mass spectrometers, integrating front-end sample processing automation, modification antibody development and modification
peptide enrichment technology, and deep learning-based mass spectrometry data search libraries. It brings significant improve-

ments in identification depth, accuracy, and throughput, redefining new standards for proteomics analysis.

Technical Advantages

Now Reaching e Excellent technology(Breaking Limits in Sensitivity, Accuracy, Throughput):

>1 0 000 Detection depth exceeding 10K+ proteins, 10-fold hardware performance enhancement, 10-fold
’ >10000 sensitivity improvement, high throughput exceeding 100 samples per day.

Protein IDs
® Most Comprehensive Product(Full Coverage of Analysis Types, Multi-Domain Applications):

> 7000 Higher 10X high-depth proteomics, 10X high-depth blood proteomics, 10X high-depth modification profiling
(5 classic post-translational modifications and 8 novel modifications).
raster  ® Proven Project Experience(High-level Scientific Outcomes):

Completed quantitative analysis of over 10,000 various samples; Created multiple records for
Deeper proteomics identification depth.

e Largest Scale(Industry-Leading Mass Spectrometry Cluster):

Five X Orbitrap Astral mass spectrometers, three X timsTOF HT high-resolution mass spectrometers.

iD-SmartDIA 4D-FastDIA 10X Proteomics

Application Scenarios

® 10X Proteomics Our research interests

Translate state-of-the-art MS methods into
biomedical research

® Classic PTMs/ e e
D
Novel Acylation Modification Pl s ol o & g

Signal transduction and
biological insights

® Single-cell Proteomics

Matthias Mann

Spatial Proteomics/ Prof.. Max Planck Institute of

7] Biochemist:

Spatial Phosphorylation
Prominent proteomics leader Matthias Mann primarily focuses on applying advanced mass spec-
trometry techniques to biomedical research, biological functions, and bicinformatics research.
Recent advances in high-speed, high-sensitivity mass spectrometry have substantially expanded
proteome depth and throughput, enabling deep proteome profiling across large sample cohorts.

@ Plasma Proteomics

pTM BIO



03 PTM BIO Proteomics Services Guide

TMT/iTRAQ labeled Quantification

Service Overview

TMT (Tandem Mass Tags) and iTRAQ (Isobaric Tags for Relative Absolute Quantitation) are multiplex peptide labeling and
quantitation technologies developed by Thermo (USA) and AB Sciex (USA), respectively. TMT includes up to 16 sets of stable
isotope labeling reagents, while iTRAQ includes up to 8 sets, with each set composed of reporter group, equilibrium group, and
reactive group. TMT/iTRAQ labeling and quantitation can compare proteins from up to 16/8 different samples in a single run,
offering high labeling efficiency, enabling nearly all proteins in a sample to be labeled. The mass spectrometry detection is highly

sensitive, capable of detecting low-abundance proteins, with broad applicability, making it widely used in research fields.

Technical Principle

@ @ ® @ ® ® @

HPLC
Separation

pETE]
Analysis

Mass
Spectrometry

Protein Enzymatic

Peptide
Extraction Digestion

Sample
[ELTT T

Mixture

P TMT/iTRAQ labeling Quantification Technology
Principles and Procedures

(MTMT/ITRAQ reagents label the tryptic peptides, which react with the
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Primary amine groups at the N-terminus and side chains of amino acids.

(2In the MS(1)pectrum, the same peptide from different samples, after

Parellel denature & digest

spectrum, the bonds between the reporter group, equilibrium group, and

Quantification

reactive group are cleaved, and the same peptide with different isotopic il fux] m

labels produces reporter ions with different masses.

(3Quantitative information for the identical peptide segments across

samples is obtained based on the abundance of reporter ions, which is

then processed by software to yield protein quantitative data.

b Technical Advantages Applications

(D Parallel comparison of 2-16 samples.
(2 High protein throughput with extensive coverage.

(3 Suitable for various types of biological samples.

B rTM BIO

(» High-throughput protein expression profiling in
cellular and tissue samples under various stress,

physiological, and pathological conditions.

(2 Construction of proteomic maps across diverse

species.
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4D LFQ Quantitative Proteomics

Service Overview

label-free protein quantification technology is a new protein quantification method that does not rely on isotope labeling.

This technology analyzes protein enzymatic peptide segments using liquid chromatography-mass spectrometry, without the

need for expensive stable isotope labels as internal standards. It only requires analyzing the mass spectrometry data generated

during large-scale protein identification, comparing the signal intensities of corresponding peptide segments in different sam-

ples, and can then perform relative quantification of the corresponding proteins.

4D-LFQ proteomics adds a fourth dimension to 3D separation, based on ion mobility (mobility) separation. lon mobility

primarily separates ions according to their shape and cross-section, bringing more possibilities for the analysis of complex

sample systems.

Technical Principle

BT
Time

Extraction Trypsin digestion RPLC

3D-LFQ —= %
ﬂ‘.‘-_ .
e VAR
a
| = o]
g E

Reproducible
CCS value
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Data analysis

3D LFQ

4D-LFQ —=

Intensity

Retention time lon mobility

Applications

d
)

Tandem MS

:

F

Data collection

4D LFQ
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mz

Intensity

“\ Retention time

™ s

<« Mass spectrometry-based proteomics research fundamen-
tally analyses samples by measuring the physicochemical
properties of ions. Qualitative and quantitative results are
derived from the mass spectra and associated information of
the samples. In 3D proteomics, mass spectrometry identifies
and guantifies peptide ions based on three dimensions: reten-
tion time (retention time), m/z (mass-to-charge ratio), and ion
intensity (intensity). 4D proteomics adds a fourth dimension to
the 3D separation, which is the separation of ion mobility. lon
mobility is mainly separated based on the shape and
cross-section of the ions, bringing more possibilities for the

determination of complex system samples.

4D proteomics greatly improves the detection of proteomics based on its enhanced speed, sensitivity, and

throughput.

(D Routine proteomics analysis (plant, animal tissue, cells, microorganisms, etc.)

2 Clinical proteomics analysis (clinical samples, such as clinical tissues, FFPE, urine, etc.)

(3 Ultra-microanalysis of rare samples (limited-number samples for analysis, such as stem cells, immune cells,

etc.)

pTM BIO
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Ib Technical Advantages

Superior Identification Depth and Sensitivity

4D proteomics distinguishes and identifies low-abun-
dance signals, significantly reducing sample volume
requirements while enhancing identification depth by

50%-100%.

3D Proteomics 4D Proteomics

A L
I 1 T 1

B MaxQuant B Mascot
7000

6000

5000
4000
3000
2000
1000

0
100 ng 400 ng 100 ng 400 ng

Protein Group

Hela cell digests, 60 min gradient MaxQuant 1.6.5.0/Mascot 2.3,
PSM/Protein FDR<1%

Higher Accuracy and Better Reproducibility

Enhanced Detection Sensitivity

The newly incorporated ion mobility separation distin-
guishes co-eluting peptides with minute m/z differences,
thereby generating more specific MS/MS spectra. This
enables the identification of low-abundance protein sig-
nals obscured under 3D conditions, substantially enhanc-

ing detection sensitivity.

4D Proteomics, with its high-speed data acquisition and four-dimensional alignment features, fundamentally and

significantly reduces the randomness of shotgun proteomics, greatly improving quantitative accuracy and reproducibili-

ty. The literature reports and our test data demonstrate that 4D Proteomics achieves the following without labelling

reagents or spectral libraries :

Pearson correlation=0.991

log10intensity2
wn

3 4 5 6 7 8
Logl0intensityl

B rT™ BIO

Overlap

<— In all 3 replicates
96.5% P
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Blood+DIA Deep Blood Proteomics

Service Overview

Blood is the most commonly used specimen in clinical diagnostics, and changes in its proteins serve as biomarkers that can
indicate the occurrence and progression of various diseases. From alanine aminotransferase (ALT) in routine health examina-
tions to protein markers such as AFP and CA125 in cancer diagnosis, these provide indispensable important information for clin-
ical diagnosis. In recent years, with the advancement of mass spectrometry technology, using omics methods to screen for new

blood biomarkers has become an increasingly important direction for research and translational applications.

) < Blood Analysis Challenges
o ALB F10°
101 Functional 104
| Bl . .
00| 3 APOAT ",Z’;L'i‘:s @ The plasma proteome spans an exceptionally wide
o R P
- 1078
100] BAM e concentration range, exceeding ten orders of magnitude.
= c2 10° —
(E] £ F12 = X X )
2105 ke Lior B Highly abundant proteins can mask the detection of
£ 100 SEPP1 Tissue 5 . . . .
= eakage o 'g - .
= ‘\ LBE leaka A low-abundance proteins with potential biomarker value
£ 107 proteins =
c e PARKT F10t g
g 4o ACE WIRAE ]
S 100 8 S . .
o .| o S @ Rich in high-abundance proteins, distributed very
AFP 10T
107 4 unevenly
= VEGFA 1072
4 Signal 9.5
gk proteins g5 | ig
we—— : . P ;
A Y Y N N (3) Low detection depth, traditional proteomics identifica
Protein rank tion depth of 500-600

Technical Principle

PTM BIO introduces the technical routes of Blood+DIA (antibody-based) and Blood+DIA (magnetic beads-based): The tech-
nical advantage of Blood+DIA (antibody-based) lies in its ability to specifically remove high-abundance proteins, thereby
increasing the number of medium- and low-abundance proteins identified. The technical advantage of Blood+DIA (magnetic
beads-based) lies in its ability to enrich low-abundance proteins while removing high-abundance proteins, achieving an 'equal-

ization' effect, with a significant increase in protein depth, and it is also particularly suitable for the analysis of large-scale cohort
samples.

SCIENTIFIC

I \ [ I - T i
| ! ! ! g™ %
| Q- - 1 | fm B | &
-\ A -l - L
—_— —_— | ‘ S — i IY — | ll__-’." H‘\IJ/{ —_— ¥
69 ! ., wioE ' | ARMIODLTLT |
I Remove high- 1 o ' 1 ‘ mz Y= =
Sample preparation Protein | abundance proteins | Trypsin I\ LC-MS/IMS I Database

Serum or plasma extraction 1 optional digestion
~

- Orbitrap Astral / search Data analysis

]
-
10X technology improves identification of mid-

and low-abundance proteins

PTM BIO
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Technical Advantages

8000+ High-depth Plasma Protein Identification

T

Our 10X High-Depth Blood+DIA technology, successfully over-

comes challenges such as the high dynamic range of proteins and

Identified Proteins
. BB EEEEEEE

low-abundance proteins in plasma samples, elevating the detection

depth of plasma proteome to 8000+.
10X High-depth Blood+DIA Reveals 8000+ Plasma Proteins

High-quality Blood Proteome Data

Technological Depth of Protein Platelet Protein

Interference from platelets and red blood cells in plasma severely  LEtls Type \dentification e

affects protein data quality, impacting subsequent validation. We perform o e 2
. . . . 2 10X High-depth Blood+DIA 6340 1.7%

strict quality control on blood samples (platelet protein ratio all below 3%) e
) ) ) . . A i 3 10X High-depth Blood+DIA 6024 2.8%

and combine it with a rigorous protein database (2 million+ protein

4 10X High-depth Blood+DIA 6544 2.0%
sequences) to ensure data reliability, reduce various IgG variants and g T — =
protein fragments,and guarantee high reliability of results. 6 10X High-depth Blood+DIA 6283 2.6%

Low Platelet Percentage (Less than 3%) Ensures True Proteomics Data

High-stability Data Supports Large-scale Research

Large-scale proteomics studies require high stability in mass

spectrometry technology and experimental systems. PTM BIO estab- . After Continuous Opera-
“ tion for a Month, Correla-
tionz0.98, Mass Spec-
trometry Quantitative

System Highly Stable

lishes a high-stability technical system by integrating automated
quantification technology and process optimization. After continuous
operation for one month, the correlation between all samples reached

20.98, ensuring the overall quality and credibility of large-scale stud-

ies.

Our plasma protein quantification results cover a series of important

APOB (100 mgiL |

functional proteins, with identification results spanning the entire dynamic

SHBG (5.1 mgiL )

TNRIZ (110 ngiL )
L1816 ng/L)

IL16 (7.3 AgiL )
RNF213 (1.5 nglL |

range of the HPPP database: such as the high-abundance protein APOB

16403 HEBP1 {290 ngiL }

involved in lipoprotein metabolism (100 mg/L) and the extremely ez

low-abundance inflammatory factor IL16 (7.3 ng/L), as well as the lowest

0 1000 2000 3000 4000 5000 6000 7000 8000 9000

concentration RNF213 (3.5 ng/L). Protein Groups

8487 identified plasma proteins cover a series of important

functional proteins
HlrT™ BIO
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Blood Peptidomics

Service Overview

Peptides are short-chain amino acid molecules with specific functions in living organisms. As non-classical proteins, peptides
are encoded by non-coding RNA or produced by protease hydrolysis. They are important signal regulatory molecules in living organ-
isms, playing a crucial role in disease prevention, diagnosis, and freatment. PTM BIO unique peptidomics technology solves chal-
lenges such as low peptide content, slow library searches, difficulty in discovering new peptides, and high verification difficulty, pro-

viding a powerful tool for peptide discovery, identification, and functional research.

. ™
Sample Collection & Protein Extraction & - r
Enrichment & Purification LC-MS Analysis Data Interpretation
(Plasma)  (Serum ) (_orbirap Astral (_imsTOFHT ) '
Cantansanimagdrt Mo aninagudant H i
=T

J_Fm - Seam
| Loy

Pres
8-
ca
PTM BIO's Original Nanomaterials/ PTM BIO's Original Nanomaterials/ 10X/4D High-resolution PTM BIO Self-Built Exclusive
Multi-material Co-enrichment Multi-material Co-enrichment Mass Spectrometer Peptide Library

BN

m

High Quality Data

High-depth Peptide Identification Provides Highly High-depth Peptide Identification is 4 Times More Efficient Than
Reproducible Data Traditional Methods

14000 1273812492 6000 5406 5448 5389

12000 10376129 soon
10000 8992 ggo1 4000
8000
soop 0192 5281 5372 5136 5246 5352
4000 2000 D D e 1736 1743 1715
=111 -jii 111
0 0
TCA

§1-1 §1-2 S2-1 S2-2 §3-1 S3-2 G1-1 G1-2 G2-1 G2-2 G3-1 G3-2 FASP PTM BIO's strategy
Blood Samples Tissue Samples

Peptide Identification Depth
-

Peptidomics detection depth Comparison of plasma peptidomics results with different enrichment strategies

Typical Applications

Disease Diagnosis and Treatment Targets

Peptide Drug Development

Plasma AB peptides for the Diagnosis of

Peptide structure analysis—Large-scale production of peptides—
Alzheimer's disease

Optimization of lead peptides

pTv BIO
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4D-FastDIA Quantitative Proteomics

Service Overview

Building upon industry insights and experience from over ten thousand proteomic analyses, PTM BIO has upgraded to
launch the next-generation 4D-FastDIA proteomic quantification service. This technology retains 4D proteomics' signature fea-
tures of peptide fractionation-free analysis and high depth, while integrating the 4D-DIA strategy to reduce missing values and

enhance quantification stability and reproducibility. It is particularly suited for large-scale proteomic quantitative analysis.

Technical Principle

Proteomics techniques can be divided into data-dependent (Da-

£ > -
ta-dependent Acquisition, DDA) strategies and data-independent DDA - -':"‘""'---.. -. i
acquisition (Data-independent Acquisition, DIA) strategies. Compared Smgslglgégg:rsor Fragmentation I?r:t;;tm i(::ni,"
to DDA, which collects signals from a limited number of peptide ions
with stronger signals in each time window for fragmentation analysis in D| ;—:-::_-_E: :.. 3_ -l- - -' .
tandem mass spectrometry (MS/MS), DIA technology divides the entire TS ; . Netaction o; s

Fragmentation

selection fragment ions

full-scan range of the mass spectrometry into several windows and
cyclically selects, fragments, and detects all ions in each window, allowing for the complete fragmentation information of all ions
in the sample to be obtained without omission. However, the data acquisition strategy of traditional DIA makes the chromato-

gram highly complex, posing significant challenges for data analysis and raising some controversy about its quantitative reliability.

4D-FastDIA builds upon the 4D proteomics platform's significant improvements in acquisition speed and sensitivity, achiev-
ing deep protein coverage. By adopting the 4D-DIA data acquisition strategy, it enhances parallelism and stability, demonstrating
exceptional robustness in large-scale sample analysis. Based on a deep neural network library search strategy, it achieves high

reliability and high resolution in peptide information extraction. Particularly suited for large-scale proteomics analysis.

Advantages Disadvantages

1. Methodology is mature. 1 Cortai g ih o |
DDA 2. Highly versatile, applicable to various high-resolution mass - eIl [ANGomIess, Wt My MISSnG VEluss.
. 2. Poor quantitative reproducibility.
spectrometry technigques.

1. Spectrograms are highly complex, posing

1. Good reproducibility, few missing values. significant challenges to data parsing.

Traditional DIA | 2. Highly versatile, applicable to various high-resolution mass 2. The reliability of low-abundance protein detection

spectrometry techniques. . .
P Y q is controversial.

1. High scanning speed, high identification depth, more cost-effective.

2. Significantly reduces missing values, improves quantitative re producibility
and data integrity. Requires instrument equipment and special-
3. DIA-PASEF technology, 4D alignment enhances DIA data quality. ized software that support 4D.

4. No additional database construction required, reliably acquires protein

4D-FastDIA

information with high resolution.

B ~T™ BIO
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Technical Advantages

Superior Identification Depth and Sensitivity

4D-FastDIA integrates numerous authoritative technologies from the 4D proteomics, dia-PASEF and deep neural

network library search, further enhancing the depth, reproducibility, and stability of proteomics analysis.

Experimental Data: Quantitative Depth of Different Samples

g 18000
a
s 15000
g™ g 12000
o z 9000
g w00 2
g £
s il 2 6000
§ w0 .
o
B o0 3 3000
T 2000 £
%_ =
. S II 2
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Singleinjction Hels Six kidney cancer issuss  Six Ivereancercells S appletissuss  Nine OCh114 bacteris cells

0
N o
A P
T‘«“" ¥

= 4D-LFQ(DDA) ® 4D-FastDIA

4D-FastDIA modification group quantitative depth for human liver cancer samples.
4D-FastDIA further enhances the depth, reproducibility, and stability of modification
group guantification.

The detection depth of 4D-FastDIA is further improved compared to 4D-LFQ(DDA).

Greater Accuracy and Reproducibility

4D-FastDIA technology retains the features of 4D proteomics requiring no peptide fractionation and high depth,
further combining the 4D-DIA strategy to reduce missing values and enhance the stability and parallelism of quanti-

fication, particularly suitable for large-scale proteomics quantitative analysis.

Pearson=0.99

[ R1
6 6217
|
5
4
3 . .
Confidential Data R3
2 6244
2 3 4 5 6 7 Confidential Data
Technical reproducibility as high as Pearson r=0.99, compared to DDA data(typically A total of 6,299 proteins were identified through three technical replicates, with
85-90%), data randomness decreases, and missing values significantly decline. overlap proteins accounting for 97.4%, demonstrating high data reproducibility.

PTM BIO Il
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SILAC-Based Quantitative Proteomics

Service Overview

SILAC (Stable Isotope labeling with Amino acids in Cell culture) refers to stable isotope labeling technology in cell culture.

This method was first developed by the Danish Mann laboratory in 2002, which further improved the AACT technology, provid-

ing an effective approach for comprehensive and systematic qualitative and quantitative analysis of complex cellular proteomes.

Technical Principle

Q) @ ©)

Cell Protein
Labelling Extraction

P SILAC Quantification Principles and Procedures

The basic principle of SILAC is to replace corre-
sponding amino acids in the cell culture medium with
natural isotope(light) or stable isotope (heavy) labeled
essential amino acids. After >6 cell doubling cycles, the
stable isotope labeled amino acids are fully incorporat-
ed into the newly synthesized proteins of the cells,
replacing the original amino acids. The lysed proteins
of differently labeled cells are mixed at a ratio of cell
number or protein amount, then separated, purified,

and identified by mass spectrometry.

b Technical Advantages

Enzymatic
Digestion

@
HPLC
Separation

® ®
Mass Data
Spectrometry

Analysis

Normal
Light @ s

BCMNArginine
Hlysine

P )
Middle @ —_—

g 5N ,-Arginine
B SN dysine

Protein with Protein Tryptic
Cell culture different label mixture peptides
@ @ ©)

P TN

— L

Qualitative and LC-MS/MS HPLC
quantitative analysis fractionation
® ® @

g Application Area

() Disease biomarker screening

(¥ Multiple samples are pooled for simultaneous separation,
digestion, and identification, ensuring consistent experimental
impact on subsequent analyses and minimizing quantitative
errors introduced by manual handling or instrumentation.

@ Capable of labelling diverse cell types cultured in DMEM,
DMEM-F12, and RPMI 1640 media.

B rTMBIO

(2) Mechanism research
3 Drug target research

@ Screening of special functional proteins
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Profiling of Post-translational Modification

Overview

Protein post-translational modification (PTM) refers to the addition of chemical

Protein
conformation

)

Tumcwer =

maodifications to specific amino acids after translation. Post-translational modifications

can alter the structure of proteins, contributing to the diversity of protein structure and
function. Increasingly, research findings show that many important life processes and
disease occurrences are not only related to the abundance of proteins but are more
importantly regulated by various types of post-translational modifications. In-depth
study of protein post-translational modifications is of great significance for revealing the

mechanisms of life processes, screening clinical biomarkers for diseases, and identify-

Glycosylation
Phasphorylation
Acylation | .
Lipidation
Mem,wt-on
Pmtm binding Ubiquitination Enzyme activty
and interaction
Me\
®
e = O KE-0Ub
@ °./
Ac
Localization Crosstalk

ing drug targets. PTM BIO provides comprehensive research solutions for modified protein groups, enabling quantitative com-

parison of biological samples at the post-translational modification level under different physiological and pathological condi-

tions, and deeply revealing the close relationship between PTM changes and life activities.

Phosphorylation, acetylation, lactylation, ubiquitylation, butyrylation, 2-hydroxyisobutyrylation,3-hydroxybutyrylation, malo-

nylation, succinylation.

Modification

Biological
Functions

Common Application
Directions

Types

The most widespread type of post-translational modification, participates in enzymatic reactions, mediates protein activity and

Widely applied, especially in signal transduction, development and

Phosphorylation MR )
receptors to regulate and control protein activity and function. differentiation, cancer mechanisms, stress responses etc.
X The most studied acetylation modification, participates in epigenetics, signal transduction, metabolic regulation, apoptosis, and | Immune responses, tumor formation, metabolic diseases, apoptosis,
Acetylation other biological processes. etc.
L- Inclylion First discovered in 2019, it is an important way for lactate, a carbon-containing metabolite in the cellular glycolysis pathway. to | Tumor formation and progression, inflammation, metabolic regulation,
sTE function, regulating diseases such as cancer and inflammation. etc
D- lactylation Three isomers of lacteylation medification successfully identified in 2024. Intestinal diseases, brain diseases, tumors, etc.
Affecting metabolic processes in mitochondria, it holds significant value for studying mitechondrial dysfunction-related X e
Succinylation diseases, participating in cellular differentiation, metabolic regulation, epigenetic regulation, signal transduction, and other Inflammation, metabolic diseases, tumors, efc.
physiological activities.
Crotonytation One of Cell's Top Five Research Highlights' in 2011, regulating gene expression by combining with transcriptionally active Reproductive regulation, epigenetics, tumor metabolism, DNA damage
chromatin regions. repair, efc.
Bhydroxybutyrylaion | Firstreported 16 years ago, closely related to cellular core metabolism. Energy rjnetatlnhsm. tumor research, DNA damage repair, liver
metabolism, liver cancer, etc.
2-hydroxyisobutynylation | Chromatin function regulation. Epigenetics, glycolytic metabolic pathway.
Malonylation Energy metabolism, biosynthesis of antibictics, metabolic regulation, and photosynthesis. Metabolic disorder diseases, immune regulation.
First discovered in 2018, it regulates glycerophospholipid metabolism, ovarian steroid biosynthesis, the signaling pathway of
Benzoylati Epigenetics, metabolic regulation
alion phosphalipase D, and serotonin, compared to acetylation Synapses and the secretion process of insulin. Pige 9
_ Awidely existing type of post-translational protein modification, primarily affecting protein proper folding, active state, Cell-to-cell recognition, cell adhesion, signal transduction, immune
N-glycosylation intracellular transport, etc. response, cell transformation, etc.
i Involved in regulating multiple signaling pathways, participating in processes such as growth, proliferation, and hormone Individual development, cellular stress, transcriptional regulation, signal
O-giycosylaton response. transduction, Metabolic diseases, tumor occurrence and development.
o . Listed as one of the focus technologies by Nature Methods, primarily affecting proteins spatial conformation, activity, transport, | Physidogical mechanisms, disease pathology, discovery of disease
N-glyco and localization, etc. biomarkers. Pathogens interact with hosts, plant growth and development.
Ubiquityiat Akey type of modification that downregulates protein expression, mediates protein degradation, and alters cellular localization,| Cell cycle, apoptosis, aging, neurodegenerative diseases, signal
biquitytation activity, and other factors affecting substrate function and activity. transduction.
) Acommon ubiquitin-ike modification that participates in various important physiological and biochemical reactions in cells, Cardiovascular diseases, cancer. neurodegenerative diseases, andimmune
SUMOylation such as protein-protein and protein-DNA interactions regulating their functions, playing an indispensable role. diseases, etc. The occurrence and development of various diseases.
Methylation Invelved in the regulation of gene expression, the modulation of protein function, and the processing of ribonudleic acid(RNA). | Epigenetics, cancer mechanisms, aging. neurodegenerative diseases.
Cysteine-Redoxome Capable of reversibly regulating protein activity, interaction, and localization, thereby achieving precise control over many life | The occurrence of major diseases, fat metabolism regulation, plant
Proteomics processes.

stress responses, etc.

pTM BIO [
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Research Approach

Modification proteomics is an effective tool for studying post-translational modifications and has attracted widespread atten-

tion from scientists. A classic approach to proteomics research primarily includes:

e Screening of Target Proteins and Determine Functions and
LA Modification Sites Phenotypes Protel_n I_nleractlon
Protein Extraction and

| '
stream and Downstream Sig
B i aleies Result Verification

Enrichment of Modified
Peptide Segments knockout, inhibitors, etc.

Mutagenesis Western Blot - —
Mass Spectrometric

Detection

Bioinformatics Analysis “
Mechanism Research

Overexpression, knockdown,

Clarify the Mechanisms

off

Qualitative and
Quantitative Results

Functional research

Verification of
Modification Sites

il

Profiling of Post-transla-
tional Modifications l

To initiate further original work and find the key
biological and molecular mechanisms

Research Methods

Methods Applications

Modification Identification Analysis Modification Site Identification Target Protein Function Mining!"

Drawing Species Modification

Qualitative Analysis Modification Site Identification o
Spectra®

Quantification of Modified Proteome Analysis )
Quantitative Analysis Classic Modifications: Phosphorylation, Acetylation, In-depth M;‘I;gualra::rhl[\gechamsm

Ubiquitylation, Methylation, Glycosylation

Absolute Quantification of Modifications Absolute Quantification of Modifications Protein Modification Validation*!

Reference Applications and Cases

[1] Identification Analysis: Protein Acetylation Plays a Key Role in Antiviral Innate Immunity.
KATS selectively inhibits antiviral immunity by acetylating IRF3. Journal of Experimental Medicine.

oo, [2] Modification spectrum analysis: Mapping the Lysine Succinylation Modification Expression Profile of
MCP il Aspergillus flavus.

PROTEOMICS :
el Lysine succinylation contributes to aflatoxin production and pathogenicity in Aspergillus flavus. Molecular & Cellular Proteomics.

A [3] Quantitative Analysis: Crotonylation Reveals Its Important Role in DNA Damage Repair.
IUTCRICCHNL WSS Global crotonylome reveals CDYL-regulated RPA1 crotonylation in homelogous recombination-mediated DNA repair. Science Advances.

[4] PTMomics Quantification +PRM: Phosphorylation Modification Proteomics Reveals New
Mechanisms of Platelet Activation Regulation.
Temporal quantitative phosphoproteomics of ADP stimulation reveals novel central nodes in platelet activation and inhibition. Blood.

B rTMBIO
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Phosphorylation

Service Overview

Protein phosphorylation (Phosphorylation) refers to the process in which a kinase Q @
catalyzes the transfer of a phosphate group from ATP or GTP to a specific site on a alsten  acay
protein (amino acid residues Ser, Tyr, Thr). .\ Lsﬁ%::;:., w

Phosphorylation modification is a widely existing type of post-translational modifi- ﬁ Q e C’
cation, with over 30% of proteins in cells undergoing phosphorylation modification. "“‘““"" m;m'“ </
Therefore, phosphorylation modification is one of the most fundamental, universal, W.
and most important mechanisms for regulating and controlling protein activity and ;]J;]f ‘ 4)
function. - -

Phosphorylation is involved in various physiological and pathological processes, regulating cellular activities such as prolif-
eration, development, differentiation, and apoptosis. It is widely used in research fields including cellular signal transduction,
apoptosis, development, differentiation, and cancer mechanisms.

PTM BIO high-depth phosphorylation modification quantitative analysis, using proprietary antibodies for targeted enrich-
ment of phosphorylated modification peptides to reduce sample complexity. Combined with strict dual quality control and bioin-
formatics analysis, they deliver a powerful solution widely applied in phosphorylation mechanism research under physiological

and pathological conditions.

& dﬁf < Phosphoproteomics Quanti-
l —— I » —> —> 29 —> tative Analysis Workflow
==

Protein Extraction and Enrichment of Phosphory- LC-MS/MS Analysis Site Localization and Phosphoproteomics
Enzymatic Hydrolysis lated Peptide Segments Quantification Data

Reference Applications and Cases

‘ Science: Phosphoproteomics Reveals Opioid Receptor Signaling In Vivo.
S In vivo brain GPCR signaling elucidated by phosphoproteomics. Science.

Nature: Phosphoproteomics Reveals Molecular Subtyping and Novel Targets for Precision

Cancer Mechanisms Therapy in Hepatocellular Carcinoma.
Proteomics identifies therapeutic targets of early-stage hepatocellular carcinoma. Nature.

Immunity: Phosphoproteomics Reveals Dynamic Signaling Pathways After T Cell Activation.

. Immune Inflammation Integrative proteomics and phosphoproteomics profiling reveals dynamic signaling networks and bioenergetics pathways underlying T cell activation.
e e .fmmun.r'ty.
Metabolic Regulation Cell Metab: Phosphoproteomics Reveals Key Pathogenic Signals in Diabetes.

S e Phosphoproteomics reveals the GSK3-PDX1 Axis as a key pathogenic signaling node in diabetic islets. Cell Metabolism.

‘ Autophagy: Phosphoproteomics Reveals the Important Role in Neuronal Autophagy.
SO Phosphoproteome-based kinase activity profiling reveals the critical role of MAP2K2 and PLK1 in neuronal autophagy. Autophagy.

Mol Cell: Phosphoproteomics Reveals the Plant Abiotic Stress Molecules.

777777777777777777777777777777777777777777 Reciprocal regulation of the TOR Kinase and ABA receptor balances plant growth and stress response. Molecular Cell.

J Agric Food Chem: Phosphoproteomics Reveals Its Role in Biological Functions of Poultry Egg
Food Science 3 Proteins and Food Characteristics.

Comparative quantitative phosphoproteomic analysis of the Chicken Egg during Incubation based on tandem mass tag labeling. Journal of
Agricultural and Food Chemistry. PTM BIO .
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ﬁ Technical Advantages

Technology Upgrade

14000
*Identification of Phosphorylation Sites with Deeper Coverage
8000
Based on the IMAC enrichment strategy combined with 4D proteomics 6000
& F 8
*

i o
e M
g 8
8 8

Phosphosites

technology, it brings a significant increase in detection sensitivity, greatly

improving the number of phosphorylation modification sites identified. 0 s p X
&8

Quality Control Upgrade

*Dual Quality Control Standards

Confidence High

0.75

For PTM peptide identification, quality control should extend beyond false

- = mue

discovery rate (FDR) control to include modification-site localization confi-

o

dence. Sites with a localization probability below 0.75 are excluded to ensure

# phosphorylation sites(x1,000)

reliable site assignment. 00 02 04 06 08 10

Localization Probability

Bioinformatic Analysis Upgrade

*Kinase Prediction, Signal Pathway Analysis, Deeply Mining Data

Based on the Phosphoproteomics identification results, bioinformatics
analysis packages can be further upgraded, including kinase prediction, sig-

naling pathway analysis, and in-depth data mining, to provide a foundation for

investigating mechanisms under physiological and pathological conditions.

B rT™M BIO
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Tyrosine Phosphorylation
| Full-Spectrum Phosphorylation

Service Overview

Tyrosine phosphorylation (Tyrosine Phosphorylation, pY) refers to phosphory-

lation madification occurring on tyrosine residues. It can regulate multi-level signal-
ing networks by controlling protease activity and protein interactions. It plays a - a
crucial role in various physiological and pathological processes such as cellular Cancer Brain Disease -

Development Development
signal transduction, cell proliferation, differentiation, and disease development. } y

~
J‘~ —
Simultaneously, it holds a unique advantage in clinical drug applications and has \L. - W {
. X X X Tyrosine Phosphorylation =
garnered increasing attention and importance from researchers. Immune - Metabolic Disease
: . . i i Response Development
Post-translational modification proteomics technologies based on mass -
. e Y
spectrometry are important methods for revealing the function and mechanism of :’ \a, 4
-l
: . . - D =
—
tyrosine phosphorylation. To further meet the needs of tyrosine phospharylation i ipramernpl 1 o serr—yerm 4
Development Abictic Stress

research, PTM BIO has launched a series of new products:
1. Tyrosine Phosphoproteomics 2.0: Through major technological innovations, it enables deep and sensitive profiling of
tyrosine phosphorylation sites.
2. Full-spectrum phosphorylation modification: It covers both conventional serine/threonine phosphorylation detection while ensuring
high-depth detection of tyrosine phosphorylation, which has great research potential, achieving comprehensive coverage of phosphoryla-

tion modification sites for serine, threonine, and tyrosine phosphorylation sites and opening a new paradigm for phosphorylation research.

Technical Advantages

1.Enrichment Method- Exclusive Monoclonal Antibody:

Higher consistency and reproducibility, significantly improving the specificity and sensitivity of modification peptide enrichment.

2.Detection Platform-10X Proteomics Platform:

The industry's highest specification high-resolution mass spectrometry cluster, ensuring data detection depth and accuracy
from higher, faster, and deeper dimensions.

3.In-House Spectra Library- Greatly Enhanced Depth:

Our self-built, ultra-large-scale spectral library (containing over 50,000 real tyrosine phosphorylation sites) significantly
improves data resolution. It fully covers 58 known receptor tyrosine kinases across 20 major classes, including numerous promi-
nent proteins and novel sites.

4.Dedicated Bioinformatics Analysis:

Developed specifically for tyrosine phosphorylation proteins, enabling full-process analysis from protein and site information to
regulatory kinases, upstream small molecules, DrugBank and other compound and drug-target databases, bridging the gap
between basic research and clinical translation.

5.0ne-Stop Service for the Entire Process:

PTM BIO independently develops high-quality antibodies and industry-leading analytical platforms, offering a full-process
service for tyrosine phosphorylation pan-antibody WB modification screening — high-depth tyrosine phosphorylation proteomics
detection — dedicated bioinformatics analysis — site-specific antibody customization — and CUT&Tag analysis, making it more

convenient. pTM BIO
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4.Dedicated Bioinformatics Analysis:

Developed specifically for tyrosine phosphorylation proteins, enabling full-process analysis from protein and site infor
mation to regulatory kinases, upstream small molecules, DrugBank, and other drug libraries, bridging the gap between
basic research and clinical translation.

5.0ne-stop service for the entire process:

PTM BIO independently develops high-quality antibodies and industry-leading analytical platforms, offer
ing a full-process service for tyrosine phosphorylation pan-antibody WB modification screening — high-depth tyrosine

phosphorylation proteomics detection — dedicated bioinformatics analysis — site-specific antibody customization —

LC-MS Analysis Data Interpretation

3 |
Cells | o m—
7 L. ) g '| ” ”:‘. 1&
g 2] \& g Spectronau_t“_’ <

lTrypsin \X J Orbitrap Exploris 480 Orbitrap Astral

/:.:,’.J Z 8 l

L mp The World's Largest Tyrosine

Tissue S H IMACITiIO, Phosphorylation Spectral
Library

Anti-Phospho-Tyrosine Rabbit mAb timsTOF pro timsTOF HT

CUT&Tag analysis, making it more convenient.

Protein Extraction &
Digestion & Enrichment

Sample Collection

Tyrosine phosphorylation proteomics technical route

Internal Data

*Tyrosine Phosphorylation Identification Depth:

An average of more than 3,000 phosphotyrosine sites was Comparison of tyrosine phosphorylation proteomics depths 1.0 and 2.0
identified per LC-MS/MS run, with selected samples yielding more

@ Tymosine phosphorylation proteomics 1.0
305 ® Tymosine phosphorylation proteormics 2.0

than 5,000 sites, it has a 3- to 6-fold increase compared to version
1.0. Whether it is endogenous tyrosine phosphorylation or exoge-
nous stimulus, the identification depth of PTM BIO has been

BB 8 8 8

improved compared to the literature under the condition of signifi-

g

cantly reduced sample size 3~10 times! Under exogenous stimula-
tion, a single injection can detect up to 13,663 phosphorylation
sites!

B rT™MBIO
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*Tyrosine Phosphorylation Detection Repeatability
and Stability: epticater 1 | mepteare

hepticate2 Il Pearson=0.95

The overlap rate of sites between the two technical repli-

194
(5.7%) (86%)

cates was as high as 85.7% !

The quantitative correlation coefficient of two technical
replicates reached 0.95 !

Site identification repeatability in  Quantitative reproducibility of two
two technical replicates technical replicates

*10X Full- spectrum Phosphorylation:

10X Full- spectrum Phosphorylation:

The pY sites identified by antibody enrichment are 16.8
times deeper than those identified by IMAC enrichment. Antibody
More Comprehensive Research: PY sites 5305

Full-spectrum phosphorylation identified 5,400 pY sites,
with the proportion of pY sites increasing from 1.56% to

21.3% compared to IMAC.

Total number of phosphorylation sites in
mouse brain samples: 25315

Reference Applications and Cases

nature Nature: Tyrosine Phosphoproteomics Uncovers Pancreatic Cancer Therapeutic Targets and Biomarkers.

Targeting LIF-mediated paracrine interaction for pancreatic cancer therapy and monitoring

This study employs tyrosine phosphoproteomics and other methods to analyze the secreted factors of astrocytes and their impact on
cancer cell signaling pathways, revealing that the phosphorylation activation of transcription factor STAT3 is a significant molecular change. The
LIF secreted by astrocytes is a key paracrine factor that mediates unidirectional intercellular signaling through cancer cell surface receptors,
and has been proven effective as a therapeutic target and biomarker in mouse models and clinical samples.

Cancer Cell: Tyrosine Phosphoproteomics Reveals the Molecular Mechanisms of Corticosteroid Therapy for
Cancer Cell| Lymphoma.

Molecular targets of glucocorticoids that elucidate their therapeutic efficacy in aggressive lymphomas

This study used techniques such as tyrosine phosphoproteomics to investigate the molecular mechanism of glucocorticoid combination
therapy for lymphoma in detail. It found that glucocorticoids can inhibit the progression of lymphoma by inhibiting the CSK-regulated BCR
signaling pathway.

Cell: Full-spectrum Phosphoproteomics Reveals the Mechanism by Which EGFR Mutations in Lung Cancer Trigger
Cel Kinase Network Signal Remodeling.

Oncogenic Mutations Rewire Signaling Pathways by Switching Protein Recruitment to Phosphotyrosine Sites

This study measured the in vivo EGF-dependent signaling network in lung tissue, quantified tyrosine phosphorylation sites, and identified
protein signaling complexes recruited by tyrosine phosphorylation sites in lung tissue through interaction proteomics, revealing the specific
molecular mechanism by which EGFR oncogenic mutations lead to downstream phosphorylation signaling remodeling.

Sci Transl Med: Full-spectrum Phosphoproteomics Reveals the Sensitivity and Resistance Targets of Colorectal
Science Translational Medicinel. - Cancer to EGFR Blockade.
Phosphoproteomics of patient-derived xenografts identifies targets and markers associated with sensitivity and resistance to EGFR blockade in colorectal cancer

This study conducted proteomics and global phosphoproteomics on 30 patient-derived xenografts (PDX) of metastatic colorectal cancer
(mCRC) with genomic and pharmacological characteristics to investigate the molecular basis of response to EGFR blockade and identified

alternative drug targets to overcome resistance. PTM BIO [l
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Acetylation

Service Overview

Acetylation is the most common type of acylation modification, referring to the process of transferring and adding the acetyl
group of acetyl-CoA to the lysine residues of proteins under the catalysis of acetyltransferases.

Acetylation modifications are mainly divided into two categories: acetylation modifications at the protein N-terminus and
acetylation modifications on protein lysine. N-terminal acetylation modifications mostly occur on proteins in eukaryotes and are
catalyzed by N-acetyltransferases (NATs). Lysine acetylation modification is a reversible process, mainly catalyzed by lysine

acetyltransferases (KATs) and lysine deacetylases (KDACs).

(o}

o

Glucose

Fatly acids

Malonyl-CoA

=

[—Acelate

tyl CoA
Citrate - Acetyl-CoA
[oc
vl Pyuvate
H Nucleus

Schematic Diagram of Reversible Acetylation and Its Involvement in Metabolic Regulation

Potential Application Areas

(D Functions of Acetylation:

a Inhibition of catalytic activity
Acetate

Glucose-6-phosphate

Gene transcription, cell cycle, DNA damage repair, cell signaling, = Y e sy ‘\;:5
. . . @ ¢ re— @_ K403 "
cytoskeletal remodeling, protein aggregation 3 D Keror @D S (S
Acetyl-CoA K642 \6-Bhosphogluconate
A Acetylation NADPH
@Phosphorylation
@ Ubiquitylation
® Acetylation Regulaﬁon Of Enzymes: b Enhancement of catalytic activity € Alteration of substrate specificity
Active P53 ubiquitylation
Regulating enzyme activity, altering enzyme-substrate specificity M B @D 5::1 Q\@?
P s K182

3 Protein Degradation Regulation:
It can regulate both proteasome-dependent and proteasome-inde-
pendent protein degradation systems

d Enhancement of protein degradation
Proteosome:

p300
(smanr) =— ===
X T5A
sensitive
Ké4, K70 KDAC

<«

and
K185

TIP&D

of cytop

K99, K128
- - [AYAY
(@) Protein Interactions: ke LN - gR ety
Promoting or inhibiting protein-protein interactions [ o] [ | o,
TIPSO I sensitive ﬂ i
O Cytoplasm Nucleus

(® Adjust Subcellular Localization.

B rT™M BIO



PTM BIO Proteomics Services Guide

Reference Applications and Cases

Acetylation modification proteomics research primarily focuses on three aspects: epigenetics, signal transduction, and
metabolic regulation.
P Epigenetics: Histone acetylation modification is an important epigenetic mechanism that plays a significant role in

biological functions such as transcriptional regulation, chromatin dynamics, development and lifespan regulation, and cell
fate determination.

Molecular cell: Starvation Stress Induces Histone Acetylation Remodeling, Activating
Gluconeogenesis and Fat Metabolism.

AcAcAcAcAcAcAcAcAcAcAcAcAcAc

Glucose starvation induces a switch in the histone acetylome for activation of gluconeogenic and fat metabolism genes.
Molecular Cell.

Using the yeast model, the transcriptional regulatory role of acetyl-CoA under starva-

tion stress (glucose deprivation) was studied. It was found that starvation stress leads to a

[Ac-CoA]

decrease in intracellular acetyl-CoA levels, thereby inducing a global restructuring of histone

acetylation. Through the redistribution of acetyl groups, the acetylation and transcription of

genes involved in gluconeogenesis and lipid metabolism were promoted. This study reveals

Fatty acid xidation genes the dynamic restructuring of histone acetylation under starvation stress and its novel regula-
Gluconeogenic genes

tory mechanism on transcriptional networks.

P Signal Transduction: Histone acetylation modification is involved in various cellular processes and is also a major
regulator of gene transcription, participating in gene transcriptional regulation, signal transduction, apoptosis, DNA
damage repair, protein aggregation, and other processes.

Nucleic Acids Res: Oxidative Stress Regulation Promotes MOB1 Acetylation,

F o N

MOB1 Acelylation On £ MoB1 Acatytaton Off Activating the Hippo Signaling Pathway and Inhibiting Lung Cancer Cell Growth.
; . e i
%%““:‘“T Tl Oxidative stress-CBP axis modulates MOB1 acetylation and activates the Hippo signaling pathway. Nucleic Acids Research.
PR "SORI O S ——
o oam -1;. maj'"'"' Oxidative stress stimulation, as a potential influencing factor in physiology and patholo-
Sindig W8T : . .
| Srsia gy, can promote the acetylation of MOB1 through upregulating acetyltransferase CBP, a
SabiTAz— Derosation s rom
: process that does not depend on the activity of MST1/2 or the phosphorylation modification
Cpepasn reton : e,
_ e e et / Y of MOB1. Thus, MOB1 acts as a signal strength sensor, undergoing varying degrees of
T . s acetylation in response to the intensity of upstream oxidative stress stimulation. It regulates
LW
i J. downstream effectors YAP by controlling the activation level of LATS1/2, thereby modulating
\_ i o Py the Hippo signaling pathway.

P Metabolic Regulation: Metabolic regulation is the most important function of acetylation modification, as well as the
most basic and important function of life. Tumor metabolism, growth and development, disease occurrence and
progression, plant stress resistance, immune regulation, and other important biological processes are all closely related to
acetylation modification.

Cell Death Dis: Sirt3 Regulates Mitochondrial Protein Deacetylation and Improves
Renal Fibrosis.

Oxidative phosphorylation Kidney Injury Glyeolysis Sirtuin 3 regulates mitochondrial protein acetylation and metabolism in tubular epithelial cells during renal fibrosis.

P IS AT S ~ G T N T . Cell Death & Disease.
J e \ ’Q\ Pyruvate — Lactate
| I - B e A -~ This study is the first to analyze acetylation. As a key regulator of mitochondrial protein

rm acetylation and metabolic homeostasis, Sirt3 participates in the regulation of mitochondrial
Fo] ! e * energy metabolism during the progression of renal fibrosis through its deacetylation modifi-
| Acstyicon —» [TEheres] |

e IFAPECEI. e cation of PDHE1a , thereby inhibiting renal fibrosis. This study also reemphasizes the

important role of acetylation modification in renal diseases and provides new directions for
the development of targeted drugs to inhibit renal fibrosis.
pTM BIO I
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Succinylation

Service Overview

Succinylation refers to the process by which a succinyl group is cova-

Acetylation and Succinylation on Lysine Residue

lently attached to a lysine residue through enzymatic or non-enzymatic

i L M
methods. Compared to methylation and acetylation, succinylation modifica- i \i‘: ¥ ﬁ: i \{
Acetyl-CoA Succiny-CoA

tion can induce more changes in protein properties. This is because the

lysine residue undergoing succinylation is given 2 negative charges, chang- ° i s
ing its valence from +1 to-1, which is higher than the charge change caused
by acetylation (+1 to 0) and monomethylation(no change); Moreover, succinylation introduces a larger structural group, leading

to greater alterations in protein structure and function.
Potential Application Areas

Substrates for succinylation modification- succinic acid is a metabaolite involved in
mitochondrial respiration; apart from participating in energy metabolism, it has also
been reported to be involved in various physiological processes, such as stress,
inflammation, neuroregulation, and immunoregulation. Thereby affecting various dis-

eases such as aging, obesity, tumor occurrence, cardiovascular diseases, and neuro-

degenerative diseases.
. . - . . B £ mitochondrial
Succinylation modification is widely involved ks, 2071 upracrrl
Cell metabolism. 2013
Maolecular cell 2013
PNAS. 2016 Hypertrophic cardiomyopathy
»

chondrial metabolism and mitochondrial respira- Woleculor st 2015
Beyond the biological processes involving succinate and those related to mitochondrial function, succinylation modification

in biological processes and disease occurrence

” Succinyltransferase on
mitochondrial-associa-
ted proteins

related to mitochondrial function, such as mito-

is also associated with the nervous system, inflammation, tumors, metabolism, nucleosome regulation, and more.

Succinylation Modification Regulatory Mechanisms

The regulation of succinylation

modification is divided into non-enzy- B on-enzymatic Modified substrate concentration (succinic acid. succi-

matic regulation and enzymatic regula- WELHENCLEIRCITI 1yi-CoA ). mutagenesis of IDH and pH

tion. The modifier succinyl-CoA primari-

ly comes from the TCA cycle, amino Succinyltransferase KGDHC. KAT2A. CPT1A.

. . Enzymatic regulation
acid metabolism, and the downregula-

of Ksucc

tion of SDH enzymes. Desuccinylase CobB (Prokaryotes). SIRT5. SIRT7(Histone)
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Reference Applications and Cases

Succinylation modification is widely involved in metabolic regulation, epigenetic control, signal transduction, and
numerous other biological processes. Many metabolic enzymes in central and intermediate metabolism exhibit
succinylation modification and are closely related to diseases such as tumors, cardiovascular system disorders, and

inflammation.

P Metabolic Regulation: Succinylation modification plays a broad role in regulating cellular metabolism, being widely
present in mitochondrial energy metabolism regulatory enzymes. It participates in regulating processes including the
tricarboxylic acid cycle, multiple metabolic signaling pathways, including amino acid metabolism and fatty acid metabolism.

Pathways Enriched with Succinylation Targets Cell Metabolism: SIRT5 Broadly Regulates Metabolic-Related Proteins.
SIRTS regulates the mitochondrial lysine succinylome and metabolic networks. Cell Metabolism.

Sirtuins represent a highly class of deacetylase families from bacteria to humans. The recognized
members of the human Sirtuin family include 7: SIRT1-SIRT7. Researchers have discovered through
high-throughput quantitative proteomics that SIRT5 selectively removes succinylation at specific sites on
multiple different proteins, which is associated with some basic metabolic signal pathways, including fatty
acid oxidation, oxidative phosphorylation, and ketone body generation. In mitochondria, many proteins

and signal pathways exhibit extensive succinylation. Lysine succinylation can have a significant impact on
enzyme activity.
P Tumor proliferation: Rate-limiting enzymes in metabolic pathways such as glycolysis-TCA cycle-glutamate

metabolism are subject to succinylation modification by proteins, thereby affecting the occurrence of diseases such as
tumors and inflammation.

| s a1 i Cancer Research: SIRT5 Regulates the Succinylase levels of SHMT2 to Ptomote Tumor.
k m’ - m. SHMT2 Desuccinylation by SIRTS Drives Cancer Cell Proliferation. Cancer Research.
|
$£; ~'~'""-- - SHMT2 acts as a regulator of serine catabolism and one-carbon metabolism, with certain small-mole-
5 M“

e . cule compounds in serine catabolism and one-carbon metabolism regulation processes controlling cellular
:,I? . \ . . . . . X
;% proliferation and intracellular redox metabolic balance. Under serine-starvation conditions, SIRT5 desucci-

nylates SHMT2, promoting the process where SHMT2 catalyzes serine cleavage into glycine while produc-

ing 5,10-CH2-THF, thereby enhancing tumor cell proliferation.

P Cardiovascular diseases: Succinylation modification plays an important role in regulating energy metabolism and
oxidative stress. Research has found that it is closely related to cardiovascular system diseases such as myocardial
hypertrophy and atrial fibrillation.

PNAS: Succinylation Reveals the Important Role of SIRT5 in Cardiac Physiological Function.
Metabolomics-assisted proteomics identifies succinylation and SIRTS as important regulators of cardiac function. PNAS.

== After Sirt5 knockout, the succinylation levels of fatty acid metabolism-related proteins on ECHA will be
y
significantly increased, and this increase will lead to a decrease in ECHA activity. The decrease in ECHA

WI 50 um KO sgum

activity will then affect the ATP levels in the heart. Ultimately, animal experiments demonstrated that the

loss of Sirt5 can lead to dilated cardiomyopathy by affecting succinylation.

P Plant Stress Responses: Acetylation and succinylation modifications are involved in glycolysis, TCA cycle, and
pentose phosphate pathway, thereby regulating plants' responses to stress.

Plant Cell Environ: Rice Responds to Abiotic Oxidative Stress by Regulating Acetylation and

F 200
o 5,_, Succinylation Modifications.
10 NO
AntiKee il ﬁ: g o Oxidative stress-triggered interactions between the succinyl- and acetyl-proteomes of rice leaves. Plant Cell Environ .
wox e H " Under oxidative stress conditions, changes in the level of lysine succinylation modification affect the

2
£
.

activity of rice metabolic enzymes.
pTM BIO I
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Crotonylation

Service Overview

Crotonylation modification refers to a type of modification in which a crotonyl group is trans- f
ferred to a lysine residue by histone crotonyltransferase (HCT) using crotonyl-CoA (Cr-CoA) as HN)I\/\
the donor. Crotonylation modification was first discovered by the research team of Professor
Yingming Zhao at the University of Chicago in 2011, and the related research was honored as
one of the top five research highlights of Cellin 2011.
Crotonylation is evolutionarily conserved and typically associated with transcriptionally active el
chromatin regions, playing a significant role in regulating gene expression. Crotonylation is also Crgtonyl lysine
found to be closely related to cancer metabolism, DNA damage repair, stem cell differentiation, Lysine crotonylation
reproductive regulation, and other processes.
Potential Application Areas
Histones Embryonic Stem Cells Ehmltldmyhjury
Crotonylation Involves Biological Crotonylation-associated 20D "ﬂ”" L S]“.,’!
Functions: diseases: “"E“ T ‘.ilf
- Gene Expression and Transcription T | touentonne TR FA
. Reproductive Regulation - Neurological disorders 6.‘“, ﬁm::é';“;':" )
- Cell Cycle “HIV e 5
. DNA Damage Response - Kidney-related diseases ::Im: :ﬂ mfm .
- Telomere Maintenance and Aging  Hypertrophic cardiomyopathy > —— - 3 "
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Reference Applications and Cases

Proteomics of crotonylation modification is widely applied in research on transcriptional regulation, cancer metabolism,

DNA damage repair, stem cell differentiation, and reproductive regulation, becoming a research hotspot in the life sciences

field.

P Epigenetics: Histone crotonylation modification has been confirmed to maintain the activity of genes associated with
meiosis metaphase sex chromosomes, among other functions.
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Molecular Cell: P300 Catalyzes Histone Crotonylation to Stimulate Transcription.

Intracellular crotonyl-CoA stimulates transcription through p300-catalyzed histone crotonylation. Molecular Cell.

The coactivator p300 possesses both crotonyltransferase and acetyltransferase activities, and the
histone crotonylation catalyzed by P300 directly stimulates transcription more effectively than histone acetyl-
ation. The level of histone crotonylation regulated by the intracellular concentration of crotonyl-CoA, and this
state can change due to genetic and environmental variations. Local changes in histone acylation differences

(i.e., between acetylation and crotonylation) can affect gene expression.

P DNA Damage Repair: Recent studies have found that crotonylated proteins widely participate in various biological
processes, including RNA splicing, protein synthesis and degradation, DNA replication and repair, endocytosis, and

intercellular junctions.
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Science Advances: Crotonylation Analysis Reveals its Important Role in DNA Damage Repair.

Global crotonylome reveals CDYL-regulated RPA1 crotonylation in homologous recombination-mediated DNA repair. Science Advances.
Crotonylation data show that three sites on RPA1—K88, K397, and K595—are crotonylated; crotonyla-

tion of RPA1 does not affect its recruitment to DNA damage sites but can influence its binding with other HR

factors (homologous recombination factors) like RAD51, thereby affecting RPA1" s DNA damage repair func-
tion.

P Reproductive Development: Crotonylation modification is closely related to reproductive regulation, and it is highly
abundant in post-meiotic sperm cells, concentrated on testis-specific genes on sex chromosomes.

Py N
o

7 l /? ®=== 5,

' .E;ﬂ:za-f%ié/

Molecular Cell: CDYL Regulates Histone Crotonylation, Affecting Spermatogenesis.

Chromodomain protein CDYL acts as a crotonyl-CoA hydratase to regulate histone crotonylation and spermatogenesis. Molecular Cell.

CDYL can regulate the level of histone crotonylation modification by reducing substrate concentration.
In mouse assays, CDYL and histone crotonylation exhibit repulsive distribution, which aligns with their neg-
ative regulatory relationship. Mice overexpressing CDYL show a decrease in histone crotonylation levels,
functionally participating in the reactivation and prolongation of round spermatid chromatin-related genes
during spermatogenesis, and leading to a reduction in sperm quantity and decreased sperm vitality.

P Tumor Metabolism: Crotonylation modification is also closely related to the tumor formation process, participating in
various signaling pathways and nuclear-related processes.
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Nat Commun: Crotonylation Regulates Tumor Progression Mechanisms Under Hypoxia Conditions.
Hypoxia-induced downregulation of PGK1 crotonylation promotes tumorigenesis by coordinating glycolysis and the TCA cycle. Nat Commun.

This study, using crotonylation technology,revealed the promoting effect of decreased crotonylation
levels of PGK1 (phosphoglycerate kinase 1) under hypoxic conditions on tumor occurrence and its molecu-
lar mechanism: hypoxia-induced upregulation of ECHS1 expression leads to reduced crotonyl-CoA levels in
cells, simultaneously, PGK1 translocates to the mitochondria and interacts with ECHS1 to inhibit its own
crotonylation levels, promoting interaction between PGK1 and PDHK1, resulting in upregulated phosphory-
lation of PDHKA1, inhibiting pyruvate metabolism, promoting glycolysis, and thereby promoting the growth of

breast cancer tumors.
pTM BIO [
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B-hydroxybutyrylation

Service Overview

B-hydroxybutyrylation (Kbhb) is a novel protein acylation modification mediat-
o: oOH

ed by B-hydroxybutyric acid, first reported by the research team of Professor Ying- N

ming Zhao at the University of Chicago in 2016, and found to be closely related to A, 0
fatty acid oxidation metabolism and energy metabolism regulation. Recent studies i % > ; 5
H N a
H

have shown its broad functions, participating in various biological processes such as LyaiY

tumorigenesis and DNA damage repair. FFiamaneay

Potential Application Areas

Energy metabolism: Kbhb proteins are enriched in many core metabolic pathways, including the

cardiac. — e {Ensotnatial tuction
metabolism of the three major nutrients, glutathione metabolism, fatty acid oxidation metabolism, and ; m,. :

N
others. Additionally, Kbhb proteins exhibit differences under conditions of nutrient deficiency or fasting in RO i;" o “ ST
the body. Kbhb is closely related to energy metabolism and can be applied to research fields such as  sw * PP
metabolic diseases and biological rhythm regulation. e 28 @ %i it
Cancer research: Kbhb plays important functions in metabolism, chromatin remodeling, and gene BN N

{Cardiac remodeling lﬁ" - “ +infammation

expression regulation. Recent studies have demonstrated that tumor suppressor proteins such as p53

are regulated by Kbhb.

DNA Damage Repair: Research has found that Kbhb is involved in the DNA repair process and can be applied in various DNA damage
repair model studies (cancer radiotherapy/chemotherapy treatment, radiation damage,etc.).

Other Molecular Level Studies: Studies show that multiple proteins can undergo Kbhb modification during processes such as chromatin
remodeling, spliceosome activity, RNA metabolism, and transport.

Other Diseases: It has been reported that B-hydroxybutyrate can be one of the drugs used to treat epilepsy, and B-hydroxybutyrate is an
indirect substrate of Kbhb modification, therefore Kbhb may also be involved in the pathogenesis, development, and treatment of epilepsy.
Crosstalk with Other Modifications: Research reports that some important regulatory enzymes involved in other modification processes
(acetylation, SUMOylation, ubiquitylation, etc.) can undergo Kbhb modification, and the crosstalk between modifications can also serve as a

new area for exploration.

B-hydroxybutyrylation modification regulatory mechanisms
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Reference Applications and Cases

P Epigenetics: The body can regulate gene transcription through histone B-hydroxybutyrylation modifications, helping it
quickly adapt to changes brought by the environment.

»  Tumor proliferation:

Molecular Cell: Prolonged Fasting Significantly Induces Kbhb Modification of Histones, Thereby
Upregulating Genes Related to Starvation-responsive Metabolic Pathways.
Metabolic Regulation of Gene Expression by Histone Lysine B-hydroxybutyrylation. Molecular Ceil.

Under starvation conditions, the proportion of carbohydrates as energy sources gradually decreases,
while the level of ketone bodies produced by fat gradually increases. Meanwhile, the level of histone lysine
3-hydroxybutyrate modification in liver cells significantly increases, while the acetylation modification level,
primarily derived from carbohydrate metabolism, does not change significantly.

Further chromatin immunoprecipitation experiments and gene expression sequencing revealed that the
upregulation of histone B-hydroxybutyrylation modifications was accompanied by the expression of some
genes related to the physiological response to starvation, such as amino acid metabolism, fatty acid metabo-

lism, redox homeostasis, and circadian regulation.

Ketones play a role in cancer biology, B-hydroxybutyrate (B-OHB) is involved in the

development of melanoma, androgen-dependent prostate cancer, breast, cervical, and liver cancers.
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Signal Transduct Target Ther: B-hydroxybutyrylation Modification Promotes the Proliferation of
Liver Cancer Stem Cells.

MTAZ triggered R-loop trans-regulates BDH1-mediated B-hydroxybutyrylation and potentiates propagation of hepatocellular carcinoma stem cells.
STTT.

A complex composed of apart of the NuRD complex, specifically MTA2-HDAC2-CHD4, was discovered,
revealing that MTA2 can interact with HDAC2/CHD4 and transcriptionally repress BDH1 through R-loops,
leading to the accumulation of BHB and an increase in H3K9bhb, thereby producing a cascade effect that
promotes HCC formation and progression.

It further confirms that abnormal metabolism and the microenvironment are also important conditions
for tumor formation and development, highlighting the significant research value of post-translational modifi-
cations, especially novel acylations like B-hydroxybutyrylation, lactylation, and crotonylation, which are close-

ly related to metabolism, in tumor metabolism.

P Immune system: The main product of ketone body metabolism, B-hydroxybutyrate, acts as an epigenetic regulatory

factor in the development, maintenance, and long-term survival of memory T cells.

Nature Cell Biology: B-hydroxybutyrate Modification Promotes Memory T Cell Development.
Ketogenesis-generated B-hydroxybutyrate is an epigenetic regulator of CD8+ Tcell memory development. Nature Cell Biology.

In CD8+ memory T cells, there exists ketone body-derived -hydroxybutyrate, and the accumulation of
B-hydroxybutyrate leads to the upregulation of FoxO1 and PGC-1 a gene histone H3 undergoes bhb modifi-
cation at K9, thereby upregulating the expression of FoxO1 and PGC-1a.

FoxO1 and PGC-1a synergistically upregulate Pck1 expression, thereby guiding carbon along the
gluconeogenesis pathway towards glycogen and the pentose phosphate pathway.

P Tumor Development: B-hydroxybutyrylation modification, in addition to modifying histones to participate in epigenetic
regulation, can also regulate protein activity in processes such as metabolism, tumor development, and progression by
modifying non-histone proteins.

Cell Death & Disease : P53 B-hydroxybutyrylation Attenuates Its Tumor Suppressor Function.
B-hydroxybutyrylation attenuates p53 activity. Cell Death & Disease.

pTMm BIO
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L-/D- lactylation

Service Overview

Lactylation modification (Lactylation, Kla) is a newly discovered type of
post-translational modification led by Professor Yingming Zhao of the University
of Chicago in 2019. The study found that lactate accumulated during metabolic
processes can serve as a precursor to cause histone lysine lactylation modifica-
tion and participate in the homeostatic regulation of M1 macrophages in bacte-
rial infections, regulating diseases such as inflammation and cancer. Related
research results were published in Nature. This groundbreaking research has
broadened the boundaries of metabolic regulation and sparked a surge of
research into lactylation.

In 2024, the research team collaborated with PTM BIO, successfully distin-
guishing and identifying three types of lactylation isomers, namely: L-lactylation
modification (KL-la), D-lactylation modification (KD-la), and N-g-carboxyethylat-
ed modification (Kce). Among them, L-lactylation modification is the earliest

studied and most extensively researched type of lactylated modification. It is a
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major responder to glycolysis and the Warburg effect in eukaryotic organisms, widely present in various tissues and organs of the

body, playing a crucial role and exerting significant effects in fields such as tumors, cardiovascular diseases ,brain diseases, and diges-

tive system disorders.

Potential Application Areas

Given that lactic acid metabolism is a metabolic pathway widely regulated and playing an important role in numerous phys-

iological and pathological processes, the newly discovered acylation modification can provide a new idea and regulatory mech-

anism for further in-depth and extensive research.

PTM BIO, as the world's first company to originally develop lactylation
pan-antibodies and modification detection services, can assist in the
following research directions:

@ Mechanism research: Revealing the enzymes that catalyze the produc-
tion of lactyl-CoA, the site-specific functions of histone lactylation modification,
and the 'writer', 'eraser, and 'reader’ of histone lactylation modification.

@ Physiological and pathological functions: Lactate is a widely existing
metabolite, and the novel histone modifications mediated by lactate will play
important roles in both biological processes such as DNA damage repair and
muscle movement, as well as pathological processes like inflammation and

cancer.
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The Important Role of Lactic Acid Metabolism in Physiology

Lactic acid was once considered a 'waste' product of anaerobic metabolism, but it is now proven to serve as a major recy-
clable carbohydrate fuel in mammals, playing a role in metabolic regulation.

Under aerobic conditions, tumor cells tend to obtain energy through glycolysis, resulting in a large accumulation of lactic
acid, a phenomenon known as the Warburg effect. This effect also plays a central role in the development of rapidly proliferating
parasites (such as Plasmodium and Toxoplasma). Furthermore, the Warburg effect can be observed in large number of rapidly
proliferating cells under physiological and pathological conditions, such as in T cell activation, macrophage polarization, malaria

life cycle development, angiogenesis, embryonic stem cell differentiation, and induced pluripotent stem cell generation.

Warburg effect (WE) in cancerous and non-cancerous cells
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Hotspots of Lactylation Modification

. . Inflammation and Mechanism Research \
Tumor Microenvironment ) X . D-lactylation
Immune Regulation Research of Cardiovascular Disease

Lactic acid can promote tumor Lactic acid regulates tumor Elevated lactic acid in the blood  L-lactic acid is a product of metabolism in
progression: high concentrations of progression, tumor immunity, indicates insufficient oxidation and  certain bacteria. Abnormal L-lactic acid
lactic acid are transported into cells suppresses hypoxia-induced mac- is associated with the diagnosis  metabolism is closely related to the occur-
as fuel substrates and metabolized. rophage activation, and the and prognosis of hypertensionand  rence and development of diseases such
Lactic acid promotes tumor invasion progression of various diseases acute heart disease, whether  as immune-suppressive tumor microenvi-
and metastasis. Lactic acid is through lactylation modification. Its lactate accumulation during  ronments in short bowel syndrome, acute
essential for tumor angiogenesis. synergistic mechanisms with ischemia triggers cardiocerebral  neural injury, and hepatocellular carcino-
The immunosuppressive function of inflammatory pathways will be a injury and its mechanisms remain  ma, playing an important role in intestinal
lactic acid, etc. key research direction. to be elucidated. diseases, brain diseases, and tumors.
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Featured Collaboration Cases
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P Keywords: Lactylation Modification Proteomics, DNA Damage Repair, Chemoresistance
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Cell: Metabolic Regulation of Homologous Recombination Repair by MRE11
Lactylation

Main Conclusions of the Study:

(D TCGA analysis showed that low LDHA expression was associated with higher
homologous recombination deficiency (HRD) scores. Cellular studies further demon-
strated that increased protein lactylation enhanced homologous recombination repair.

(2 L-lactylation modification proteomics profiling identified the homologous recom-
bination repair protein MRE11 and its lactylation site. Further validation demonstrated
that CBP mediates MRE11 K673 lactylation.

(3 Mechanistically, MRE11 lactylation enhances its DNA binding, promoting DNA
end resection and facilitates homologous recombination repair.

@) Inhibiting MRE 11 lactylation increased tumor cell sensitivity to chemotherapy,

highlighting a potential mechanism of chemoresistance.

References
Yuping Chen, et al. 2024. Metabolic Regulation of Homologous Recombination Repair by MRE11 Lactylation. Cefl.

P Keywords: D-lactylation, immune response
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Cell Research: D-lactylation Regulates the Mechanism of Immune-inflamm-
atory Response.

Nonenzymatic lysine D-lactylation induced by glyoxalase |l substrate SLG dampens inflammatory immune
responses. Cell Research.

Main conclusions of the study:

(D The study found that GLO2 downregulation is most significant in macrophages,
confirming that GLO2 may play a role in immune homeostasis and immune responses.

(2 The study, based on the pan-antibodies for L-/D-lactylation and carboxyethyla-
tion modifications provided by PTM BIO, confirmed that GLO2 downregulation induces
SLG accumulation and D-lactylation modifications.

(3 Lactylation proteomics and L-/D-lactylation and carboxyethyl modification
pan-antibodies confirmed that RelA undergoes D-lactylation modification, which in-
hibits NF-kB activation, thereby suppressing immune activation and inflammatory signal
transduction.

@ Mouse model experiments show that the GLO2 feedback axis coordinates

immune activation and inflammation both in vitro and in vivo.

References

Qihang Zhao, et al. 2025. Nonenzymatic lysine D-lactylation induced by glyoxalase Il substrate SLG dampens
inflammatory immune responses. Cell Res.
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Pyruvylation

Service Overview

Pyruvate is the end product of glycolysis and a key entry point into multiple downstream metabolic pathways. As a central
metabolic intermediate, pyruvate plays critical roles in cellular energy metabolism, tumor metabolic reprogramming, and the
coordination of carbohydrate, lipid, and amino acid metabolism.

A Metabolic Switch for Cellular Energy Production

The fate of pyruvate is largely determined by oxygen availability in the cellular microenvironment. Under aerobic conditions,
pyruvate enters mitochondria and fuels the tricarboxylic acid cycle and oxidative phosphorylation, supporting efficient ATP pro-
duction in differentiated cells. Under hypoxic or anaerobic conditions, pyruvate remains in the cytosol and is reduced to lactate
through anaerobic glycolysis. Although this pathway is less energy efficient, it allows cells to rapidly generate energy and main-
tain survival under oxygen-limited conditions.

A Central Node in Tumor Metabolic Reprogramming
Pyruvate is also a key metabolic node in the Warburg effect. Even in the presence of sufficient oxygen, tumor cells preferen-

tially convert a large proportion of pyruvate into lactate through aerobic glycolysis, while only a limited fraction enters mitochon-

drial metabolism.

A Bridge Connecting Major Metabolic Pathways

Beyond glycolysis, pyruvate connects multiple branches of cellular metabolism. It serves as the starting point for gluconeo-
genesis, can be converted into alanine through transamination to participate in amino acid metabolism, and can be converted

into acetyl-CoA to support lipid biosynthesis.

Reference Applications and Case Studies

P Immune Regulation: Pyruvylation Links Metabolism to Antiviral Immunity

T Y, o] C€Il 2 Pyruvylation Reveals a New Metabolism-Immunity Regulatory Mechanism
o Y et e Pyruvate is a natural suppressor of interferon signaling by inducing STAT1 protein pyruvylation. Cell.
@@‘ I @ This study identified lysine pyruvylation as a novel protein post-translational modification. It
c‘_??.., ) & Qé% AN showed that high-glucose conditions enhance glycolytic activity and promote pyruvylation of STAT1 at
@ % oo | lysine 201 (STAT1-K201Pyr), disrupting the STAT1-STAT2 interaction and suppressing type | interferon
ﬁ@ “ | signaling and antiviral immunity.
These findings reveal a new mechanism by which cellular metabolism directly regulates immune
bt responses.

P Epigenetic Regulation: Pyruvylation Connects Glycolysis with gene expression

B Nature Metabolism : Lysine Pyruvylation and Its Regulatory Mechanism

Lysine pyruvylation couples glycalytic flux to epigenetic regulation Nature Metabolism .

N
i
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=4 This study systematically identified and characterized lysine pyruvylation (Kpy), a pyruvate-driven
= - 9. protein post-translational modification derived from glycolytic metabolism. The work revealed its regu-
!)b ~ ﬂh latory mechanism and demonstrated that Kpy is involved in transcriptional activation.

*

= = These findings provide a new perspective on how metabolic flux can directly influence epigenetic
' yooboooooox - -
—— = regulation and gene expression.
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Palmitoylation

Service Overview

Palmitoylation modification is a common fatty acid modification, mainly g paimitoylation

consisting of three types: palmitoyl groups connected to glycine or cysteine PumioiCoA ||

o
IMVVIVWaar s Laaaaaan
via amide bonds, known as N-palmitoylation. Palmitoyl groups connected to s W i
l (PATs) l

serine via ester bonds, known as O-palmitoylation, and palmitoyl groups Palmitoyl proteia thicesterases

(PPTs)
covalently linked to cysteine via thioester bonds, known as S-palmitoylation.  N-paimiteylation
Among these, S-palmitoylation is the most common, and due to its covalent N\/W i

S A AAANAAAAA
PAT:

bonding, it exhibits reversibility, allowing dynamic regulation of protein func- [ v t‘%

tion and influencing life activities. Under normal physiological conditions,

S-palmitoylation maintains a dynamic balance, whereas in disease condi-  O-palmitoylation

tions (such as cancer, immune disorders, and neurodegenerative diseases), m o

the disruption of this dynamic balance is often closely associated with dis- oH \‘T/' of SV i
ease onset and progression. kﬂ —

PTM BIO palmitoylation proteomics products, employing the classic ABE (Acyl-Biotin Exchange) method and combining
with the 10X high-depth mass spectrometry platform, enable high-depth detection and analysis of palmitoylation in various bio-
logical samples such as tissues and cells, assisting researchers in deciphering the regulatory mechanisms of palmitoylation in
life activities.

Technical Principles and Procedures

PTM BIO’ s S-palmitoylation profiling workflow is based on the classical acyl-biotin exchange (ABE) method. Samples are first treated with
N-ethylmaleimide (NEM) to block free thiol groups. Hydroxylamine (NH,OH) is then used to selectively cleave S-palmitoyl thioester bonds,
exposing newly available cysteine thiols. These thiols are labeled with HPDP-biotin, followed by protein digestion and streptavidin-based enrich-
ment of biotinylated peptides. The enriched peptides are subsequently analyzed by high-resolution LC-MS/MS on the 10X Proteomics platform

to identify S-palmitoylated proteins and modification sites.

. Protein Extraction & ABE g
Sample Collection
: . Biotin Bioin . 1

Cells
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& R T
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The Classic ABE Method 10X Proteomics Platform

Palmitoylation Technical Route
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Reference Applications and Cases

l’latl.ll'e Nature: A New Mechanism of STAT3 Palmitoylation in T ;17 Cell Differentiation.
A STAT3 palmitoylation cycle promotes T, 17 differentiation and colitis

The balance of STAT3 palmitoylation (DHHC) and depalmitoylation (APT2) promotes T, 17 cell differentiation. In mouse models, knockout
of DHHC7 or APT2 can both alleviate colitis development.

nature Nature: GSDMD Palmitoylation in Pyroptosis: A New Mechanism.
ROS-dependent S-palmitoylation activates cleaved and intact gasdermin D

GSDMD undergoes S-palmitoylation at Cys191, and palmitoylation is essential for the transmembrane pore, as even uncleaved GSDMD
can form pores on the cell membrane to induce pyroptosis after S-palmitoylation.

. Science: New Mechanism of NOD1 and NOD2 Palmitoylation in Bacteria-Mediated Inflammation.
SCIence Palmitoylation of NOD1 and NOD2 is required for bacterial sensing

The two important receptor proteins in the NLR family, NOD1 and NOD2, can undergo palmitoylation modification under the action of
palmitoyltransferase ZDHHCS5, thereby mediating the activation of bacterial inflammatory signaling pathways.

Molecular Cell: Mitochondrial Protein CPT1A Responds to Different Stimulus Signals to Regulate the Molecular
1§ et = de= | Mechanism and Function of MAVS Protein S-palmitoylation Modification.
CPT1Ainduction following epigenetic perturbation promotes MAVS palmitoylation and activation to potentiate antitumor immunity

CPT1A promotes S-palmitoylation of MAVS at Cys79 , subsequently affecting the ubiquitination modification of K48 and K63, promoting
MAVS stability and activation, thereby maintaining the IFN-I response and enhancing the antitumor immune effects of epigenetic intervention.

pT™M BIO
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Intact O-GalNAc Glycopeptide

Service Overview

The main forms of protein glycosylation are N-glycosylation and O-glycosylation, among which the O-GalNAc modification
linked to oxygen is the most abundant type of O-glycosylation on membrane and secretory proteins. O-GalNAc modification
affects protein folding, stability, transport, and protein interactions , participating in physiological processes such as inflamma-
tion, pathogen immune evasion, cell adhesion, migration, and apoptosis. Current research has shown that abnormal protein
0O-GalNAc modification is closely related to the occurrence and development of pathogen infections, tumors, autoimmune dis-
eases, metabolic diseases, cardiovascular diseases, and neurodegenerative diseases.

Indeed, the numerous biological functions of O-GalNAc modification and its close association with various diseases have
gradually made it one of the forefront hotspots in glycomics research. However, due to the complexity of O-GalNAc modification
sites and glycan structures, as well as the lack of effective purification strategies for these modified peptides, O-GalNAc detec-
tion and analysis based on mass spectrometry have always presented significant challenges. This has greatly limited related
research on O-GalNAc functions. Therefore, there is an urgent need to identify O-GalNAc proteins and sites, and their important
biological significance and regulatory functions also urgently require further exploration.

In recent years, PTM BIO has successively launched three glycosylation detection services: N-glycosylation profiling,
0O-GlcNAc modification profiling, and intact N-glycopeptide profiling. Building on this foundation, we have continuously overcome
technical challenges and optimized experimental methods, now proudly launching intact O-GalNAc glycopeptide profiling. With-
out enzymatic deglycosylation, it enables simultaneous qualitative and quantitative analysis of both sites and glycan types, with

bioinformatics analysis predicting monosaccharide linkage patternsg gy
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Glycopeptide Proteomics

Glycoprotein Glycopeptide Glycopeptide

Reference Applications and Cases

nature chemicalbiology| V&t Chem Biol: O-GlcNAc Modification Regulates a New Mechanism of Nucleotide de novo Synthesis in Tumor Cells.
Direct stimulation of de novo nucleotide synthesis by O-GlcMAcylation

This study reports a novel mechanism by which abnormal glucose metabolism in tumor cells causes increased O-GlcNAc modification. This
enhances PRPS1 enzyme activity by promoting the formation of PRPS1 hexamers and reducing the feedback inhibition of PRPS1 by ADP/GDP,
thereby promoting nucleotide synthesis, tumor growth, and radiochemotherapy resistance in tumor cells.

N1\" [o{o@ll / Mol Cell Cardiol: GALNT4 Promotes Atherosclerosis Development by Regulating PSGL-1 O-GalNAc Glycosylation.

GALNT4 primes monocytes adhesion and transmigration by regulating O-Glycosylation of PSGL-1 in atherosclerosis
This study demonstrates that during the development of atherosclerosis, upregulation of GALNT4 expression in monocytes promotes
PSGL-1 O-GalNAc modification, further enhancing monocyte adhesion to the vascular wall, leading to vessel stenosis and accelerating the
development of atherosclerotic cardiovascular disease.
=T Biochim Biophys Acta Gen Subj: O-GalNAc Modification of Amyloid Precursor Protein APP Promotes AB Production.

IFEN =
ANPRCARER Comprehensive analysis of O-Glycosylation of amyloid precursor protein (APP) using targeted and multi-fragmentation MS strategy

This study developed a method for analyzing targeted intact O-glycopeptides based on a combination of mass spectrometry
multi-fragmentation. Researchers used this method to precisely map the O-glycosylation modification sites and glycan structures of the APP
protein, providing new insights for understanding the molecular function of APP and the pathogenesis of AD, identifying AD treatment targets,
and developing early diagnostic strategies for AD at the protein glycosylation modification level.
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Intact N-glycopeptide Analysis

Service Overview

Glycosylation modification is one of the most common post-translational modifications of proteins, playing a pivotal role in
maintaining normal physiological functions in the human body, and has always been a key focus of modification proteomics
research. In practical applications, biomarkers for diagnosing various diseases and protein drugs are glycoproteins, with a large
number of glycoproteins of significant and special functions and their correlations with diseases urgently awaiting in-depth analysis.

Due to its high value, glycoproteomics was listed as a Nature Methods 'Method to Watch' in 2021.

However, the identification of glycoproteins remains the most challenging N-glycosylation
aspect of proteomics to date. The diversity of glycan types and the complexity ,‘Lg‘vmsvr‘aﬁm“ﬁ Ng\y;ar-t types  [intact N |yc:',pepme )
Ao (mﬂd‘ﬂ‘:‘?:'ﬂ”) (sites and glycoform)
of glycan structures are the main obstacles hindering glycoproteomics G ~2!z‘ '!ii‘

research. Traditional N-glycoproteomics studies commonly employ methods YA, — — T

composifion Lo P

that remove the glycans, separating the glycan chains from the modified pep-

tides. While this strategy reduces analytical complexity, it also loses important

corresponding relationship information between the glycan chains and the

glycosylation sites of the proteins. ) . . ) _
Intact N-glycopeptide proteomics analysis provides comprehensive
Our intact N-glycopeptide proteomics products provide comprehensive glycan information at glycosylation modification sites
information on glycoproteins, glycosylation sites, and glycan types, helping to
obtain corresponding relationship information between glycan chains and
glycosylation sites. This offers a more powerful research tool for biomarker

discovery and disease mechanism studies.

Product and Sample Types

(1 Complete Information | Provides information on glycoproteins, Intact N-Glycopeptide

glycosylation modification sites, and complete glycan information Information

Intact Glycan

2 High Sensitivity | Utilizes QE Orbitrap Astral ultra-high resolution mass spectrometer

(® Quality Assurance | Validated in large-cohort tissue studies ) Glycosylation
Glycoprotein Modification Site
@ In-depth Analysis | Innovative multi-omics analysis for in-depth infor- Information Information

mation mining

Applicable Samples

) Human
Cell Samples Fresh Tissue Sample Blood (serum/plasma)
Q Mammal
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Internal Data

Routine Cells/ Tissues:
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2 | Identified Intact N-glycopeptides

oy

3 | Quantifiable Proportion Exceeds

Loga T

Reference Applications and Cases

Cell Cell: Potential Therapeutic Targets and Early Diagnostic Markers for Pancreatic Cancer.
Proteogenomic characterization of pancreatic ductal adenocarcinoma

This study employed comprehensive N-glycoproteomics to compare the molecular characteristics of PDAC, NATs, and normal ductal
tissues. The findings revealed that 75 N-linked glycoproteins were upregulated in PDAC compared to NATs, with the upregulated N-linked
glycoproteins in tumors primarily modified by sialylated and/or fucosylated complex glycans, while the downregulated N-linked glycoproteins
were mainly modified by low-mannose glycans. Sialylation and/or fucosylation of IGPs showed a positive correlation with the expression of
glycosyltransferases, suggesting that inhibiting the activity of related glycosyltransferases may represent a potential therapeutic strategy for
PDAC.

e L Ny Nat Commun: Intact N-glycopeptide Proteomics Reveals Subtypes and Clinical Prognosis of High-Grade Serous
ceis L ==~ QOvarian Cancer.
Glycoproteomics-based signatures for tumor subtyping and dlinical outcome prediction of high-grade serous ovarian cancer

-1-olnmq e

This study conducted a comprehensive N-glycopeptide modification proteomics analysis on 119 HGSC tissue samples. Clustering analysis
divided all samples into three tumor subtypes, and N-glycosylation structures showed a high correlation with high-grade serous ovarian cancer
molecular subtypes, such as the correlation between fucosylation and mesenchymal subtypes. Further survival analysis revealed that
glycoprotein glycan type information (e.g., sialylated glycan types, high-mannose types) was associated with poor clinical prognosis in HGSC
patients.

. 1. Sci Adv: Intact N-glycopeptide Proteomics Reveals Mechanisms and Biomarker Research for Alzheimer's Disease.
*“\( VAnces Integrative glycoproteomics reveals protein N-glycosylation aberrations and glycoproteomic network alterations in Alzheimer's Disease

This study conducted the first large-scale, locus-based comprehensive N-glycosylation modification genomics mapping on the brains of AD
patients and healthy individuals, depicting a systematic panorama of human brain N-glycoproteins and N-glycosylation sites, and identifying
disease-specific changes in N-glycopeptides, N-glycoproteins, and N-glycosylation sites in AD. The study revealed the role of abnormal
N-glycosylation in the pathogenesis of AD, providing new insights for understanding and treating AD.

Theranostics: Intact N-glycopeptide Proteomics Reveals TSTA3 Promotes Esophageal Cancer Development by

Inducing Glycosylation.

TSTAS facilitates esophageal squamous cell carcinoma progression through regulating fucosylation of LAMP2 and ERBB2
This study employs complete N-glycopeptide proteomics from PTM BIO to discover that high expression of TSTA3 is typically associated
with the progression of esophageal squamous cell carcinoma and poor clinical prognosis, while its knockdown in cell lines can inhibit tumor cell
invasion and metastasis by overall reducing fucosylation levels. Additionally, fucosylation of LAMP2 and ERBB2 proteins plays an important
regulatory role in the process of TSTA3 controlling tumor progression.
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Ubiquitylation

Service Overview

Ubiquitylation refers to the process by which one or more ubig-

uitin molecules (a polypeptide composed of 76 amino acids) act

under the action of a series of specific enzymes to classify proteins
within the cell, select target protein molecules, and perform specific
modifications on the target proteins.

Ubiquitylation modification is an important post-translational
modification of proteins, playing a crucial role in protein regulation.

First, the ubiquitin-proteasome degradation pathway is the most

important protein degradation pathway in eukaryotic cells, involved

in various physiological processes, including signal transduction, ER P [t vawes] | Aot S et P
| N e “"m;ﬂﬁzu; :
transcriptional regulation, cell cycle, proliferation-apoptosis, DNA 85 : y . e
damage repair, inflammation and immunity, and is closely related to 7 . Vo *_ 'H _|—> -%—
=2 - / e 3 =
the onset of many diseases such as tumors and cardiovascular dis- EE st @;@ & .
F] (tssuaicals)
eases. e v
Modified proteomics is a new tool for studying ubiquitylation. -=.§ s
o oot R
Based on proprietary highly specific protein modification antibodies @ e o
=l snrichemant Interaction TN Erictvi,

and leading mass spectrometry clusters, PTM BIO provides you with
high-quality technical services.
Reference Applications and Cases

P Physiological Mechanism Research: Ubiquitylation modification is involved in the regulation of almost all life activities,
including signal transduction, transcriptional regulation, cell cycle, proliferation-apoptosis, DNA damage repair, inflammation and

immunity.

Nat Immunol: Ubiquitinomics Reveals Non-degradative Ubiquitination Modifications in T cell Activation.

Integrative proteomics reveals an increase in non-degradative ubiquitylation in activated CD4(+) T cells. Nature Immunology.

P Pathology Research: Ubiquitylation modifications regulating abnormalities are often associated with disease occurrence, such
as cancer, cardiovascular diseases, neurodegenerative diseases, liver diseases, and more.

N\ Nat Commun: Ubiquitinomics Reveals a New Mechanism of Deubiquitinase USP14 in Non-alcoholic Fatty Liver.

nature
Proteome-wide analysis of USP14 substrates revealed its role in hepatosteatosis via stabilization of FASN. Nature Communications.

P Agriculture and Forestry: Ubiquitylation modifications are closely related to plant physiology. Numerous studies have
demonstrated that Ubiquitylation modifications are involved in plant growth and development, abiotic stress, plant metabolism, biotic
stress, and other aspects.

the planl journal Plant Journal: Ubiquitinomics Reveals Dynamic Regulatory Mechanisms of Rice Seed Germination.

Quantitative ubiquitylomics approach for characterizing the dynamic change and extensive modulation of ubiquitylation in rice seed germination. Plant Journal.
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SUMOylation

Service Overview

Small ubiquitin-like modifier (SUMO) is a small ubiquitin-like modifier protein
with a molecular weight of approximately 12kDa, and the family consists of 5
members. SUMOylation is a common post-translational modification, referring to
the covalent connection of the SUMO C-terminal di-Gly to the Lys side chain
€-NH2 on the target protein through an isopeptide bond. It participates in various

important physiological and biochemical reactions in cells and plays an indis-

pensable role. Studies have found that SUMOylation modification is involved in
the regulation of protein-protein and protein-DNA interactions, and is also related to the occurrence and development of various

diseases such as cardiovascular diseases, cancer, neurodegenerative diseases, and immune diseases.

Reference Applications and Cases

Gut: SUMOylation Activates Antitumor Immunity in PDAC.
Targeting pancreatic cancer by TAK-881: a SUMOylation inhibitor that activates the immune system and blocks cancer cell cycle progression in a preclinical model. Gut.

Evaluated the potential role of SUMOylation modification in pancreatic cancer tissues, finding that the vast majority of cancer samples
showed high levels of SUMOylation modification. Based on this, researchers selected a small molecule inhibitor to study the correlation between
SUMOylation modification and pancreatic cancer cell proliferation. The results showed that the inhibitor selectively reduced SUMOylation modifi-
cation levels, thereby blocking cell proliferation, leading to pancreatic cancer cells. Failure of mitosis and chromosomal segregation defects.

Sci Adv: SUMOylation Modification Responds to New Cellular Stress Mechanisms.
Epac1 activation by cAMP regulates cellular SUMOylation and promotes the formation of biomolecular condensates. Sci Adiv.

Epac1 activation promotes cellular SUMOylation, and cAMP activation of Epac1 triggers phase separation and the formation of nuclear con-
densates containing Epac1 and SUMOylated components to promote cellular SUMOylation. Additionally, Epac1 gene knockout eliminated cellular
SUMOylation induced by oxidized low-density lipoprotein in macrophages, thereby inhibiting foam cell formation.

MCP: SUMOylation and Stem Cell Development.
|dentification of SUMO Targets Associated With the Pluripotent State in Human Stem Cells. MCP.

After treating cells with SUMO-activating enzyme inhibitors, the inhibited SUMOylation leads to reduced expression of pluripotency mark-
ers and morphological changes in cells. Moreover, the cell proteome undergoes almost no large-scale changes, suggesting that the absence of
SUMOylation modification in cells may affect changes in important factors related to nuclear structure and function, thereby influencing protein
abundance and ultimately affecting the phenotype.

EMBO Reports: SUMOylation and EGFR Signaling Regulation.
Transient deSUMOylation of IRF2BP proteins controls early transcription in EGFR signaling. EMBO Reports.
SUMOQylation acts as a molecular switch in epidermal growth factor receptor (EGFR) signaling.

Cell Death Dis: SUMOylation and Neurogenesis

The Sumo proteome of proliferating and neuronal-differentiating cells reveals Utf1 among key Sumo targets involved in neurogenesis. Cell Death Dis.

Analyzed how SUMOylation regulates the function of Utf1 (regulating chromatin affinity; promoting binding to decapping enzyme Dcp1a),
revealing its specific functional mechanism as a SUMOylation target protein associated with neurogenesis.
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Product Features

PTM BIO, combining its leading 4D proteomics technology platform, has launched the 4D-SUMOQylation proteomics analy-

sis product. It enables high-depth and high-accuracy qualitative and quantitative analysis of SUMOQylated peptides and sites in

various biological samples such as tissues and cells, helping researchers unlock the unknown regulatory mechanisms of pro-
tein SUMOylation.

4. Application of Nature Methods™, even more authoritative and Internal Data

professional. (Human Cell Samples)
WaLP enzyme digestion +K-e-GG antibody enrichment, higher site
7 0 0 == Average

coverage.

Systematic Bioinformatics Analysis, In-Depth Data Analysis. Identification Depth for a
Information! Automated analysis and personalized customization, Single Sample
in-depth mining of new SUMOylation regulatory mechanisms.

9 (0  + Total identification

% Next-generation 4D Technology. Depth for Three Technical Replicates
Higher depth of modification identification. Based on timsTOF
Pro/timsTOF Pro2, significantly enhances the identification depth
of SUMOylated peptides and sites.

Technical Route

Figure, (Left) Flowchart of 4D-SUMOylation proteomics

.® i . WaLP - v UMO u—,m
E e T Al ; - technology. (Right) Schematic diagram of WaLP enzymatic
7 V (.4
digestion and high-specificity K-e-GG antibody enrichment.
amples ; - L
. Ay i AR ChmeH m-K{ ~ Cell samples are lysed and proteins are extracted, then
\ ¥ lmww‘, digested using specific WaLP protease. WaLP is a serine
- endopeptidase that specifically cleaves.
; 2] l_. lu.mm The carboxyl terminal side of amino acids such as alanine,
- ﬁ"’ = LC-MS/MS
- 4 @ ﬂ\_l wst [| serine, threonine, and valine, produces double glycine
z
— ]

residues. Subsequently, SUMOylated peptides were

Database Search £ =

~mz  enriched using a high-specificity K-e-GG antibody.

Common Sample Types and Sample Quantities

Sample Types Sample Quantities

Common animal tissues (such as liver, brain, heart, etc.) 150 mg
Cells 4x107>130 pL
Fungi, bacteria, protein solution /
Conventional plant tissues (such as leaves) /

pT™M BIO [




PTM BIO Proteomics Services Guide

Methylation

Service Overview

Methylation is an important modification of proteins and

Symmetric
di-methy! argining

nucleic acids, regulating gene expression and silencing, and is

closely related to many diseases such as cancer, aging, and Alz-

Anymmetric

heimer's Disease, making it one of the key research topics in epi- e
genetics. The most common methylation modifications include pm,;in Methylation Medification Types

DNA methylation, RNA methylation, and protein methylation. Protein methylation refers to the process of transferring a methyl
group to the g-amino group of lysine or the guanidino group of arginine on proteins under the catalytic action of methyltransfer-
ases, using S-adenosylmethionine (SAM) as the donor. Among these, histone methylation is the most extensively studied type.
The functions of histone methylation are primarily manifested in heterochromatin formation, gene imprinting, X-chromosome
inactivation, and transcriptional regulation.

Methyltransferases can be divided into lysine methyltransferases (KMTs) and arginine methyltransferases (PRMTs). Based
on the number of methyl groups on the amino acid, methylation can be classified into monomethylation, dimethylation, and
trimethylation. Arginine can undergo monomethylation or dimethylation, while lysine residues can undergo monomethylation,
dimethylation, or trimethylation, depending on the type of methyltransferase.

Our protein methylation proteomics products provide site identification and quantitative analysis of monomethylated,
dimethylated, and trimethylated modifications. The principle involves enriching methylated modification peptides using
high-quality methylation pan-antibodies, followed by loading onto liquid chromatography-tandem mass spectrometry for analy-

sis. By searching and matching relevant databases, hundreds or even thousands of modification sites can be identified at once.

Reference Applications and Cases

Cell: Methylation Modification Reveals the Mechanism by Which METTL13 Promotes Tumorigenesis.
CE“ METTL13 methylation of eEF1A increases translational output to promote tumorigenesis

This study, combining high-precision methylation proteomics, found that METTL13 can act as a lysine methyltransferase. By catalyzing the
K55me2 modification of eEF1A, it enhances the GTPase activity of eEF1A, increases protein translation efficiency, and promotes the role of
cancer progression. Knocking out METTL13 significantly inhibits tumor development. The research reveals METTL13 as a potential drug target,

providing new insights for the treatment of prostate cancer and lung cancer.

Nat Cell Biol: P53 Methylation Regulates Its Tumor-suppressive Function.
Arginine methylation regulates the p53 response

aligre
cell hiology

This study identified, through methylation modification proteomics, that p53 residues R333, R335, and R337 can undergo methylation
modification. Further research found that protein arginine methyltransferase (PRMT)5, as a cofactor of the DNA damage response co-activation
complex, interacts with p53, is responsible for p53 methylation, and affects the specificity of p53 target genes. Therefore, p53 methylation is a
potential regulatory mechanism for its tumor-suppressive function.

Cell Death & Cell Death Differ: RUNX3 Methylation Drives Hypoxia-induced Cell Proliferation and Anti-apoptotic Processes.
Dullerentiztion EITE methylation drives hypoxia-induced cell proliferation and antiapoptosis in early tumorigenesis
In this study, researchers investigated through methylation modification proteomics, ChiP-seq, and various biochemical experiments, and
found that methyltransferase G9a interacts with RUNX3 in hypoxic tumor cells, increasing the methylation levels of RUNX3 at K129 and K171
sites, thereby reducing p300's acetylation of RUNX3, promoting cell proliferation and anti-apoptotic processes. This study suggests that RUNX3

may be a therapeutic or preventive target for controlling tumor growth in the early stages of tumor development.
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Cysteine Redox Proteomics

Service Overview

Intracellularly, reactive oxygen species and nitrogen species can -0

perform various chemical modifications on specific amino acids, regu- “‘HLgnv “u’g_r"v
lating the redox balance. Redox, as the dominant role of biochemical :“:"3"‘”" % swdie
reactions, is associated with the most abundant proteins related to oxi- m’ Iw
H . . i SSH SHH ROS/RNS SOH n\){o
dation and reduction processes in cells (Nature.2020Jun;582 “N’(g“* = "u’(g"‘* a0y &NLg - e
(7813):592-596.). Cysteine, due to its inherent nucleophilicity and porsiics KT e i utonans
redox sensitivity, can undergo extensive redox modifications, including — £ ) i y ‘mm
S-nitrosylation, S-sulfonation, S-thiolation, and S-glutathionylation. o = §R Yor % o
W0, N & ,(WHY .r\u,grﬂ_, e
We offer a variety of redox modification proteomics services, help- " ° °
cisulfide sulfinic ackd sultonic acid

ing researchers decipher the regulatory mechanisms of redox modifi-

cation on physiological and pathological processes in the body.

Modification Types Overview

Qualitative and quantitative analysis of all cysteine residues undergoing redox modification in cell or tissue samples

(Overall characterization, cannot achieve site-specific identification and quantitative analysis of a particular modification)
Also known as S-nitrosation, nitrosonium ion NO+ covalently binds with the thiol group-SH of cysteine to form S-nitroso
(-SNQ), areversible process

Overall Redox Modifications

S-nitrosylation modifications

S-glutathionylation modifications | Reduced glutathione (GSH) forms a reversible mixed disulfide bond with cysteine, generating protein S-glutathionylation

S-sulfonation modifications After oxidation by ROS, the thiol group -SH of cysteine generates the sulfenic acid group-SOH, which can be reduced back
to-SH, or further undergo sulfenation and sulfonation modifications

S-Thiolation Modification Hydrogen sulfide (H2S) covalently binds with the thiol group of cysteine (-SH) to form the persulfide group (-SSH)

Technical Process

PTM BIO’ s cysteine redox proteomics workflow enables site-specific identification and quantitative profiling of reversible
cysteine maodifications, including S-nitrosylation and S-glutathionylation. The workflow uses a selective reduction strategy. Free
cysteine thiols are first blocked, after which reversibly oxidized cysteine residues are selectively reduced using chemical or
enzymatic reagents. The newly exposed thiols are then labeled with thiol-reactive reagents, such as iodoacetyl tandem mass
tags (iodoTMT), or enriched using solid-phase capture methods, such as resin-assisted capture. The resulting peptides are ana-
lyzed by LC-MS/MS, followed by database searching and bioinformatics analysis to identify modification sites and obtain quan-

titative measurements.

IodeTMT 128 iodsTMT 129

lo 0 *lo 0 ¥ r %
TR.. 2 [PN’ . E L@ e Lo
(P/vj:\ﬂ/\')\ﬁnv T I \)'Lﬂ,\)\“nv 1 - Akyaton C‘W“WC“H
\mw"—:zr:_q_ ) .D ' noem’-ts.u_ﬂ. R . @
q‘*“u“-*u‘\’"r*' q‘*u’\*u’\’”p

Ot oy GRSt ~po< g

NI o I—
Mass reporter  Mass normalizer | Cys reactive group . . . . -
The chemical structure of iodoTMT hexavalent reagent Analysis strategy for detecting and analyzing cysteine-specific
types of oxidative modifications based on iodoTMT labeling
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Internal Data
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Reference Applications and Cases

Cell: Redox Modification Maps Provide New Insights for Aging Research.
A Quantitative Tissue-Specific Landscape of Protein Redox Regulation during Aging

Cell

Dysregulation of ROS and redox signals is one of the potential causes of physiological decline in tissues with age, but the tissue-specific
physiological mechanisms mediated by ROS-maodified targets in vivo remain unclear. In this study, 10 organs were collected from 16-week-old
and 80-week-old male mice, and a comprehensive mouse redox aging map was drawn based on global redox modification proteomics,
revealing that the cysteine redox network within tissues is tissue-selective. A disease network of redox modifications was comprehensively
identified, establishing a systematic molecular basis for the long-standing link between redox dysregulation and tissue aging.

- Nat Commun: S-Nitrosylation Modification Proteomics Reveals Vancomycin Resistance Mechanism of
o A'q e Staphylococcus Aureus.

s
E oyl Transcription tuned by S-nitrosylation underlies a mechanism for Staphylococcus aureus to circumvent vancomyein killing
Staphylococcus aureus infections are severely threatening public health safety. The vancomycin resistance of Staphylococcus aureus
poses a significant challenge to clinical treatment. This study, using the VISA strain -XN108 isolated clinically, based on S-nitrosylation
modification proteomics detection from PTM BIO, found that nitric oxide (NO) derived from nitric oxide synthase (NOS) mediates S-nitrosylation
modification of transcription factors MgrA or WalR, leading to decreased cellular autolysis activity, mediated by increased cell wall thickness,
thereby promoting vancomycin resistance in Staphylococcus aureus.

= Nat Commun: New Mechanism of Protein Glutathionylation Modification Regulating Acute Lung Injury.
RN L - A
AW IECA T Oxidative stress-induced FABP5 S-glutathionylation protects against acute lung injury by suppressing inflammation in macrophages

In this study, researchers performed localization and quantitative analysis of S-glutathionylated proteins based on the iodoTMT redoxome
proteomics of PTM BIO, elucidating the molecular mechanism by which Cys127-glutathionylated FABP5 in macrophages alleviates acute lung
injury through its anti-inflammatory function. The findings provide a new theoretical basis for the regulatory mechanisms of fatty acid metabolism
in acute lung injury.

Plant Commun: Oxidative-Reductive Modification Proteomics Reveals New Mechanisms of Rice Disease Resistance.
Comparative oxidation proteomics analyses suggest redox regulation of cytosolic translation in rice leaves upon Magnaporthe oryzae infection

This study, based on the global oxidative modification proteomics of rice leaves before and after infection with Magnaporthe oryzae, found
that oxidatively modified proteins are enriched in translation, peptide biosynthesis, and peptide metabolism processes, indicating that oxidative
modification may be involved in regulating rice translation during Magnaporthe oryzae infection, increasing the translation efficiency of cytosolic
ribosomes to enhance rice resistance.

Plant Communications|
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Spatiotemporal Proteomics

Comprehensive Spatial Proteomics Solutions

Spatial Proteomics: A Key Direction for Precision Medicine

With the rapid advancement of life science research and

biotechnology, spatial omics has become one of the key driv

ing forces in modern biomedical research.

Since spatial omics was recognized as the Method of
the Year by Nature Methods in 2020, it has continued to gain

global attention. It was further highlighted among the Seven

Technologies to Watch in 2022, included in the Top 10

SEVENTECHNOLOGIES
TOWATCHIN2022

ein
localization changes in pathogenic
cells, which could prove useful for
finding hiemarkers and
developing new therapies.

SPATIAL OMICS

The dawn of spatial omics

Emerging Technologies of 2023, and recognized again by Nature Methods in 2024. Spatial omics is widely regarded as one

of the next major frontiers in life science.

Since launching its spatial proteomics platform in June 2021, PTM BIO has continuously optimized its technologies and

workflows, achieving multiple breakthroughs in spatial proteomics. PTM BIO has now established an integrated spatial omics
platform that combines spatial proteomics, spatial targeted PTM analysis, and holographic spatial proteomics, providing com

prehensive solutions for diverse protein research needs.

Integrated Solution Portfolio

Analysis Solution

.

What It Enables

Select multiple regions or spots
from a single tissue section for
spatial proteome profiling

Select multiple regions or spots
from a single tissue section for
spatial phosphoproteome profiling

Select multiple regions from a single
tissue section to generate large-scale
spatial proteome datasets

Compatible Sample FFPE samples; fresh-frozen fresh-frozen samples; FFPE samples; fresh-frozen samples;
Types samples; fixed-frozen samples fixed-frozen samples fixed-frozen samples
Data Output Proteomics data from each Phosphorylation proteomics data Proteomics data from 100+ spatial
selected spot or region from each selected spot or region regions in a single project
Technology Advantages

1.Built on PTM BIO’s innovative 10X Proteomics platform

2.Fully integrated one-stop spatial omics operation platform

3.Cell-level customized microdissection

4 Deep detection depth

5.Extensive project experience

6.High-impact collaborative publications
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Spatial Proteomics /
Spatial Phosphoproteomics

Service Overview

Spatial proteomics profiles protein abundance from defined regions within
tissue sections, preserving spatial context and revealing region-specific protein
expression patterns. Compared with bulk tissue proteomics, it captures molec-
ular heterogeneity across different cellular and functional regions. Compared

with single-cell proteomics, it retains tissue architecture and spatial localization

information. )
PTM BIO offers an integrated spatial omics solution combining spatial 4 47'

proteomics and spatial phosphoproteomics, enabling high-sensitivity analy-

sis of spatial molecular features and potential regulatory targets.
Technical Workflow
Key Technology Features)
Precise Microdissection of Loss-minimized processing of Ultra-High-Sensitivity Mass
Small Spatial Regions ultra-low-input proteins Spectrometry Analysis

(D Fresh-frozen tissue sample

(2) Low-temperature OCT embedding

(3 Cryosectioning

(@) Protein fixation and tissue staining

(5 Microscopy-guided microdissection

(®&)Protein extraction and sample preparation

@10X ultra-high-sensitivity MS analysis
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Application Scenarios

Spatial Proteomic Profiling of Functional Regions in Complex Tissues
Region-specific microdissection and proteomic analysis enable protein-level
characterization of functional brain regions, including the cerebral cortex, hippo-

campus, and third ventricle.
[] Cerebral cortex [] Hippocampus [} Third ventricle

Revealing Tumor Heterogeneity Through Spatial Proteomics

Spatial proteomics profiles tumor, boundary, and adjacent normal

regions on the same tissue section, revealing tumor heterogeneity, aberrantly
["] Normal tissue [] Boundary region [[] Tumor tissue activated pathways, and potential therapeutic targets.

Internal Validation Data
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Representative Applications and Case Studies

1]2].&1 I'C Nature: Proteomics reveals NNMT as a master metabolic regulator of cancer-associated fibroblasts.

Science Science: Immobility-associated thromboprotection is conserved across mammalian species from bear to human.

Cell Cell: Spatial proteomics in three-dimensional intact specimens.

naturegeneﬁcs Nat Genet: Multiomic analysis of cervical squamous cell carcinoma identifies cellular ecosystems with biological and clinical relevance.

I‘laﬂ,lregeneﬂcs Nat Genet: Spatially resolved multi-omics of human metabolic dysfunction-associated steatotic liver disease.

mSig]dmlTagmmmd% STTT: Robust neurogenesis in chronic stroke monkeys following mesenchymal stem cell transplantation plus intermittent theta-burst stimulation.

CellStemCell | Cell Stem Cell: 3D postimplantation co-culture of human embryo and endometrium. pTM BIO
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Holographic Spatial Proteomics

Service Overview

Holographic Spatial Proteomics combines high-precision
LCM with LC-MS/MS-based proteomic analysis to generate spa-
tially resolved proteome maps across defined tissue microregions.
By covering multiple regions within the tissue microenvironment,
the workflow enables comprehensive characterization of spatial
molecular heterogeneity.

Technical Advantages

10X In-Depth Proteome Quantification

The workflow generates 100 spatially annotated pro-
teome datasets, identifying 5,500+ proteins in total and
4,100+ proteins per sample on average, providing one of

the most comprehensive holographic spatial proteomics

Number of Proteins

4000
3000
2000
1000
datasets currently available. ,

Samples

Advanced Holographic Spatial Bioinformatics

Visualization of Individual Protein Expression dverlay Unsupervised Clustering and Dimensionality
Differential Proteins on H&E-Stained Images Reduction of Holographic Spatial Sampling
oS 120y

e — ot %‘.

E . e
Fokd Change €1 v Othars - : SEREREETTEE el
o
= = |
oy — wtmrmmin |
Between-Group Differential Analysis & Cell-Type Score and Proportion Annotation
Functional Annotation of Differential Proteins Using Deconvolution-Based Algorithms

Comprehensive spatial bioinformatics analysis, including unsupervised clustering, dimensionality reduction, differ-
ential protein analysis, functional annotation, single-protein spatial visualization, pathology-guided regional compari-

son, and deconvolution-based cell-type scoring and proportion estimation.
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Spatial X Holographic Proteomics

Service Overview

Powered by advanced Al-based image reconstruction, PTM BIO introduces the Spatial
X Holographic Proteomics Solution.

This platform overcomes the limitations of conventional spatial proteomics in both spatial
coverage and data depth, enabling:

centimeter-scale tissue coverage, micron-level precise microdissection, and propri-
etary PTM decoding.

By integrating whole-tissue spatial profiling with deep proteome and PTM analysis, Spatial
X helps researchers generate a panoramic molecular map of protein regulation associated with
drug resistance, relapse, and disease progression.

Technology Workflow

Centimeter-Scale Spatial Coverage

Spatial X Holographic Spatial Proteomics Spatial X Holographic Spatial Phosphorylation Proteomics

Whole-Tissue Spatial Coverage

Centimeter-Scale
Whole-Tissue Sectioning

Deep Spatial Proteome Coverage

7,000+ Total Protein
Identifications

11,000+ Total Phosphosite
Identifications

M=67

,
I
|

Average depth per sample: 5,000 phosphosites;
total depth: 11,000 phosphosites

\HH ’ ‘” l ‘\

Average depth per sample 5,200 proteins;
total depth: proteins

Micron-Level Precision Microdissection

100 pm or Smaller Spatial
Resolution

—

H&E Stammg

Precise Spatial Interpretation

Al-based whole-tissue
reconstruction shows high
consistency with real

Whole-Tissue Spatial Microdissection
Al-Based Image Reconstruction

Proprietary PTM Decoding

Deep PTM Exploration

In situ mapping of protein
modification sites to
decode spatial regulatory
mechanisms.

MBP 167T NEFL_532S CNP_3585

[
“EHEae

i 20 OMaD

DAGLA DAGLA_744S DAGLA_1032§
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Single-Cell Proteomics

Service Overview

Proteins are the primary drivers of cellular function. Mass spectrometry-based single-cell proteomics enables protein-level
analysis of individual cells, offering powerful research and translational value. By directly measuring proteins at single-cell
resolution, single-cell proteomics fills critical gaps left by single-cell genomics and transcriptomics, especially in areas such as
protein abundance, post-transcriptional regulation, and post-translational modifications. It provides precise,
functional-level information for studying cellular heterogeneity, constructing high-resolution protein molecular atlases, and
analyzing spatial proteome networks. This makes it a valuable approach for research areas such as tumor heterogeneity,
stem cell differentiation, and germ cell development.

Technology Workflow

PTM BIO integrates its proprietary single-cell sample preparation system with an industry-leading single-cell sorting
platform, high-resolution 10X Proteomics mass spectrometry, and a dedicated single-cell bioinformatics analysis plat-
form.

This end-to-end workflow covers:

Cell suspension — Single-cell sorting and sample preparatic — Accurate single-cell protein identification — Sin-
gle-cell proteomics biocinformatics analysis

Sample Preparation Mass Spectrometry Analysis Bioinformatics Analysis

Single-Cell Sorting and
Sample Preparation

cellendNE X1 \

Technical Advantages

Advanced Single-Cell Sorting

PTM BIO uses the fully integrated and automated CellenONE single-cell sorting platform, enabling gentle cell sorting, real-time

optical monitoring, high single-cell capture efficiency, low sample loss, and automated workflow control.

High-Performance Proteomics Platform

Powered by the industry-leading 10X Proteomics high-resolution mass spectrometry platform, PTM BIO delivers higher sensitivity,
higher throughput, and deeper proteome coverage for single-cell proteomics research.

B PT™MBIO
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Sample Preparation Platform Advantages

PTMBIO' s proprietary single-cell sample preparation system improves protein extraction efficiency from individual cells while minimizing
sample loss. This optimized workflow enables more reliable and efficient single-cell proteomics sample processing.

Bioinformatics Platform Advantages

PTM BIO has developed a dedicated single-cell proteomics bicinformatics workflow for single-cell-level data interpretation. This platform

provides high-quality, protein-level insights for cellular heterogeneity studies and high-resolution cellular protein atlas construction.

Higher Identification Depth, Greater Stability, and Stronger Consistency

3000 .
1]
i <3
PLT Wy
| o ‘.
2000 |1 AL AR L L 23 [ J
&
1500 |1fff A | (A
N CellType
3 oo @ Hen
1000 [T T O - ® asie
* ® =T
500
L
[
0
R R AL e i L L g
R mmmmmmmm 2 2 e C e h AT e S
A Y R R L E R EEE PR
T ouman
150 single cells analyzed | Average depth: 2,728 protein groups | Total depth: >3,600 protein groups High data stability and consistency
Application Areas
Cell clustering
‘ [ ]
Paeudotima inference. [ @ Phenotypic and proteomic profiling
4 . o
g o & &
. . O e . @
- Cellular and tissue heterogeneity e o Highphegocricss _Low phagocyosis
- Cell growth, differentiation, and developmental biology ' i Consaton
-Cellular transformation and disease mechanism studies é w2, - ,f@p '® e _ul
. . . T, e 2" L Fe_mmm
-Tissue microenvironment research e ity Eﬁ :!ECE
A — | P
‘Therapy sensitivity and resistance studies ‘ e A
Paaudatima 3 amalynte
-Subcellular protein atlas construction PN

Reference Applications and Case Studies

Cell Stem Cell Cell Stem Cell: Cell Stem Cell | Single-Cell Proteomics Reveals Stem Cell Heterogeneity

Deciphering lineage specification during early embryogenesis in mouse gastruloids using multilayered proteomics.Cell Stem Cell.
This study used single-cell proteomics to characterize lineage specification and cellular heterogeneity during early embryogenesis in mouse

gastruloids. The results revealed distinct protein expression profiles across cell populations and provided protein-level insights into developmental
trajectories and regulatory programs.

Science Science: Single-Cell Proteomics Identifies Key Molecular Features of Human Blood Cell Differentiation

Mapping early human blood cell differentiation using single-cell proteomics and transcriptomics. Science.

This study integrated single-cell proteomics with transcriptomics to map early human blood cell differentiation. The results identified key

protein-level features associated with lineage commitment and provided new insights into hematopoietic development.
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Epigenetic Regulation &

Chromatin Interaction Technologies
CUT&Tag

Service Overview

CUT&Tag — Cleavage Under Targets and Tagmentation — is a highly efficient, high-resolution method for building DNA
sequencing libraries using hyperactive Tn5 transposase-based tagmentation. It is widely used to study protein~DNA
interactions, including chromatin-associated proteins, transcription factors, and histone modifications.

Technology Workflow

CUT&Tag uses a Protein A/G-Tn5 transposase fusion system. Guided by a specific antibody, the enzyme is recruited to the target
protein and performs DNA fragmentation near the binding site, enabling precise profiling of target-associated genomic regions.

®

@Cell Permeabilization (3pA/G-Tn5 Incubation (5)DNA Purification and PCR
I I Amplification .
@Antibody Incubation @pA/G-Tn5-Mediated DNA Tagmentation ©Sequencing

PTM BIO CUT&Tag Service Highlights

All CUT&Tag services use in-house ChlP-grade antibodies, ensuring reliable performance at the most critical step of the workflow.

Anti-Lactyl-Histone H3 (Lys18) Rabbit mAb-ChIP Grade (PTM-1427RM)

Anti-Crotonyl-Histone H3 (Lys27) Rabbit mAb (PTM-545RM)
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PTM BIO supports CUT&Tag profiling for a broad range of emerging histone acylation marks, This service helps
bridge metabolism and epigenetic regulation, empowering researchers to explore new frontiers in chromatin biology
and disease mechanisms.

PTM BIO offers specialized histone modification antibody panels to help researchers quickly screen key modification
types and candidate regulatory sites.

B rT™ BIO
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CUT&Tag Strategy for Functional Validation
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Functional Validation Identification of Key Downstream Target Genes

N

Qj @ Factors

CUT&Tag links proteomics and PTMomics discoveries to chromatin-level mechanisms. By mapping genome-wide binding profiles
of candidate proteins or modified proteins, CUT&Tag helps identify downstream target genes and build a complete research loop from
proteomics discovery to mechanistic validation.

Case Study | Transcription Factor Lactylation in Experimental Autoimmune Uveitis (EAU)

SCIENCE ADVANCES | RESEARCH ARTICLE

Global lactylome reveals lactylation-dependent
mechanisms underlying T,;17 differentiation in
experimental autoimmune uveitis

I 1 I | | |
1 ! 1 ! 1 !
1 ! | ! i !
1 ! 1 ! i !
1 ! 1 L ! 1 1
| Pan-Kla I | - I | 1

1 1 1
: | : £x | : 1
| 1 ' ) 1 | 1
| | I b 1 | |
\ 1 | 1 | 1
| 42kDa -‘-----..--.lﬂ'm" : 1 : 1 :
: Control  EAUSDMSO EAUDCA EAUsrotencne | : LC-MS/MS ! : |
I L . ! I ifi i ifi ion- ! | H ifi i H H tars |
| Phenotype Association: Lactylation | | 7 Modified Protein Identrlflcratmnr.r X | Key Protein and Mndﬁlcatmnﬁlta Validation: ,
q promotes EAU progression | ) High-throughput PTMoml_cs identifies ) , experimental validation c_nnflr_med Kil63laas
\ ! \ lactylated proteins 1 \ a key lactylation site '
7 . U Y
1 1
1 KIBIR £ Control !
1 z 28 sun £ shiirft !
1 32 eukocyts " Sh+OeWT-lkzf1 1
I 28 * § s 3 sheoek164R-lizft I
| 24 ereniianos F | 5 e L~ £ sheoak373Rlkzft I
| 20 e i 1
| 18 o cu. ’ wr é | !

Faguation of OGN ¥ i

! i b . 32 3 2 oae wae :
1 08 - - 2 4 n pa g !
: g‘; T 4 6 8 10 H b S e — o n rI nﬁ ﬁm ﬂﬁ al I
X 3.0 Summit 3.0kb 3.0 Summit 30 kb ~Log (P value, 2) o i o L2 L4 Tir4 Runt |
1 1
1 1
[ 1

Downstream Mechanistic Analysis



PTM BIO Proteomics Services Guide

Hi-Plex CUT&Tag

Service Overview

Hi-Plex CUT&Tag is PTM BIO' s multiplex CUT&Tag technology designed for dissecting epigenetic regulatory networks.

Using antibodies carrying distinct barcodes, Hi-Plex CUT&Tag enables simultaneous profiling of multiple
chromatin-associated proteins or histone modifications within the same sample. This allows researchers to directly examine
target localization, co-localization patterns, and regulatory relationships across multiple epigenetic marks.

Compared with conventional CUT&Tag or ChiP-seq, Hi-Plex CUT&Tag supports multiplex detection of 3, 5, 10, 20, or 30
targets in a single experiment, with as few as ~100,000 cells required for multi-target profiling.

This makes it especially powerful for studies involving precious samples, histone modification crosstalk,
cis-regulatory element mapping, and mechanism validation.

Technology Advantages

-Capture multiple targets in one experiment to map protein~-DNA interactions and combinatorial histone modification landscapes.

-Screen up to 30 targets simultaneously, significantly shortening the target-by-target validation cycle.

‘Provides multiplexed, in situ information on the genomic co-localization patterns of multiple targets and reduces bias introduced
by conventional antibody-pooling strategies.

-Enables multi-target profiling from approximately 100,000 cells, making it suitable for precious clinical or primary samples.

Technology Principle and Workflow

Core concept: Each antibody is pre-labeled with a unique barcode. After the antibody binds to its target protein, Tn5
transposase performs local DNA tagmentation and library construction.

Hi-Plex CUT&Tag

(c , Hmrolono

\\O{ AN s Homm
\‘0/‘]% ‘Jéi@& Barccde Insert Barcode

Pre-barcoded Antibody Binding Tn5-Mediated Library Preparation
Antibodies to Target Proteins Tagmentation and Sequencing

When multiple targets co-localize within the same chromatin
region, sequencing reads can carry adapters from different ata’
antibody barcodes, generating heterotone signals. This enables e
single-molecule-level co-localization analysis and helps reveal P ——
combinatorial chromatin regulatory patterns. Pash
b+b’
—a-
Schematic diagram of the heterotone principle
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Internal Validation Results
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g/ WT R
(Methrylation) 200,
4 L | — H3K27cr
 — 1o0p
i Demo Data 15 .“
Ready (Cratonylation) [Transcription Factors) 10|,
I
" ’,(r . FRIP Scors Distribution per Target it - . ; ) P
i el i o : :lIIIllI!l.p--. ------- -
B ior i i iri i -j . ?'“Ilm.,,_...--___________
Wet-lab experiment, library ~ Peak enrichment and target-spe-  Replicate correlations were Hi-Plex CUT&Tag results
preparation, sequencing, cificsignal profiles metanalysis  >0.8, with clear sample were consistent with WB
and demo data analysis were  requirements across targets. separation by PCA. validation and public refer-
successfully completed. ence datasets.

10-Target Internal Validation Project

PTM BIO has completed end-to-end internal validation for a 10-target Hi-Plex CUT&Tag panel, demonstrating reliable
performance across the full workflow.

IGV Visualization Validation
PTM BIO compared 10-target Hi-Plex CUT&Tag S e A A

homotone signals with public ENCODE ChIP-seq ' .. PR FPL M
datasets using IGV visualization. For canonical histone = L. i AMLS AL T
marks, including H3K27ac, H3K27me3, H3K4me3, il T A PR T S
H3K9me3, H3K4me1, and H3K9ac, the Hi-Plex = NN Ly
CUT&Tag profiles showed strong agreement with miil N Ses SN S IR
ENCODE ChiP-seq data in terms of peak distribution, o | i il
signal location, signal intensity, and genome-wide trend. BIOTR L bincibdcutlhadscnadibbie:™ e &

These results demonstrate that single-target signals L") RPN (e o |
generated by Hi-Plex CUT&Tag are reliable and N e ke ML = iy
biologically meaningful. e | T

In addition, heterotone signals can directly reveal ENCODE ' . ) g i —
combinatorial multi-target signals at co-localized Wer | | | ), e -
genomic regions, helping researchers uncover . T e T
co-regulatory patterns that are difficult to capture using - v

conventional single-target workflows.
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Others

4D Untargeted Metabolomics

Service Overview

Metabolites from cells, organs, tissues, or biological fluids serve as signaling molecules, immunomodulators, endogenous
toxins, and environmental sensors, playing diverse and important roles in many biological processes. Metabolomics, by
high-throughput characterization of metabolite information, is enhancing our understanding of normal physiology and the patho-
physiology of many diseases. These insights and discoveries have generated new perspectives on how metabolites affect organ
function, immune function, nutrient sensing, and gut physiology.

Known metabolites number in the tens of thousands, with diverse properties (wide chemical structures and abundance
ranges), thus requiring more powerful techniques for detection and quantitative analysis. PTM BIO combines 4D proteomics'
unique capture ion mobility (TIMS) for the fourth-dimensional separation, enhancing quantitative selectivity and accuracy, signifi-
cantly increasing the number of metabolites analyzed and improving the accuracy of quantitative information.

Metabolomics Brief Workflow
Nature Methods
Nature Methods vol. 18,7 (2021): 747-756.

(D Fully based on experimentally acquired MS/MS information for identification, more reliable results.

(2 Based on timsTOF Pro Ultra-High Performance Platform, maintaining high resolution while achieving

deeper depth.
Technical (3) Based on mobility (CCS) separation, multi-dimensional differentiation of metabolite isomers, richer
Advantages

information.

Sample Delivery Tips

(1) Cell samples must be accurately counted before submission to ensure consistent sample quantity.

(2) If proteomics and 4D untargeted metabolomics projects need to be conducted simultaneously on the same batch of cell
samples, proper aliquoting must be done in advance.

(3) All sample collection operations should be performed as quickly as possible. After collection, samples should be placed on
dry ice or a-80°C freezer as soon as possible, and repeated freeze-thaw cycles should be avoided before experiments to prevent chang-
es in metabolites.

Bl PTMBIO
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Metaproteomics

Service Overview

Metaproteomics is a new technology that applies proteomics techniques to study microbial communities, conducting
large-scale identification of all proteins in microbial communities at specific times.

Metaproteomics can provide functional information about microorganisms in ecosystems. It holds the potential to link the
genetic and functional diversity of microbial communities. Metaproteomic analysis across different environments can capture
new functional genes and metabolic pathways, identify proteins associated with specific stresses, and combining proteomics
with metagenomics data can better reveal the taxonomic, functional diversity, and biological processes of environmental com-

munities.

Technical Principle

( 3
. S I Frotein Extracti E i M Dat Bioinformati

: Metaproteomics Prepragggs%ing e H%‘r{gryas=g - Spectraosns1etry Preproar‘:;;sing - on‘nglr;gislcs
N o o o ————————— —— — ——— —— — —————————————————— ———— —— —— — —— — — b ——
f IP As Mass Data )
: Meta-PTMomics says * | Spectrometry *| Preprocessing | |
e e e e e e e e e e e e e e — N —— —— — — ——— — ——— ———— — ———— — —— — —— — ——— —
|b Technical Advantages ‘ Application Areas
(D Breaking the Barrier of Culturable Microorganisms. (D Gut Microbes and Medical Research.

2 Analyzing Microbiome Composition and Protein Function Analysis. (2 Discovery of New Environmental
@ Integrated Analysis of Metagenomics, Metaproteomics, Biomarkers.
and Meta-PTMomics.

Reference Applications and Cases

Case: Proteomic Analysis Reveals New Mechanisms of Pediatric Inflammatory Bowel Disease.

Metaproteomics reveals associations between microbiome and intestinal extracellular vesicle proteins in pediatric inflammatory bowel
disease.Nature Communications.

Samples and protein identification

Vet ) e =28 R The research team from the University of Ottawa, Canada,
j Ry Daniel Figeys, used metaproteomics technology, combining gut
176 aspitate samples . microbiota and exosome studies, to conduct a large-scale intes-

tinal microbiota metaproteomics study on pediatric onset IBD,

providing in-depth insights into the associations between the

I =T mechanisms of IBD onset and development and host-microbiota
Figure 1. Experimental flowchart Figure2. Significantly altered sulfur or

cysteine metabolism-related functions in group interactions.
IBD samples

53,207 protein groups
sl
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Meta-PTMomics

Service Overview

The broad application of Meta-PTMomics provides data support for better understanding the functional characteristics of
the microbiome, enhancing our knowledge of various diseases such as tumors, immunity, and neurology. Post-translational
modifications (PTMs) are crucial for regulating protein activity. However, existing research has primarily focused on individual
microorganisms or model organisms, with limited studies on the PTMomics in the entire microbiome. This makes the regulatory
role of PTMs on the gut microbiome still unclear.

Our Meta-PTMomics, covers over ten post-translational modification types such as acetylation, crotonylation, and succi-
nylation, precisely mapping the protein expression and modification profiles of complex microbial communities, and proactively

helping to decipher the intricate interaction mechanisms between 'microbiome-host-environment'.

Technical Route and Research Highlights

Collection &
Extraction

* 10+ different modification types, meta-lysine acylation proteomics

5 P HETH
] E
-

Microbiomes

»

Whole proteome and modification profiling of complex microbiome
Meta-Proteomics

Meta-PTMomics

E‘ \BFJ

<z

"
Mining the intrinsic mechanisms and causal relationships 3%%
between microbiome-host-environment

Tryptic digestion

Affinity enrichment

Revealing microbial modification distribution and protein function
LC-MS/IMS

* % %

Integrative analysis of omics (genomics, proteomics, PTMomics)

Product Introduction

Simultaneously measure the origin proteins of the host and gut microbiota, providing an in-depth understanding of the
molecular and cellular mechanisms by which the human microbiota influences the host.

Metaproteomics

Meta-PTMomics acetylation The most thoroughly studied type of acylation modification, which participates in almost all major biological processes.

Widely present in eukaryotes and prokaryotes, especially many metabolic enzymes involved in central metabolism and

Meta-PTMomics succinylation intermediate metabolism exhibit succinylation modification.

One of Cell's Top Five Research Highlights' of 2011, it is involved in metabolic regulation, tumor development,

Meta-PTMomics crotonylation

Meta-PTMomics
2-hydroxyisobutyrylation

Meta-PTMomics
B-hydroxybutyrylation

|
-
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®
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and DNA damage repair.

High abundance, widely present in both prokaryotes and eukaryotes. Closely related to biological processes such as
glycometabolism, amino acid synthesis, and glycolysis.
Kbhb-modified protein are enriched in many core metabolic pathways, including the metabolism of the three major

nutrients, glutathione metabolism, fatty acid oxidation metabolism, and others. It shows differences under conditions of
nutrient deficiency or dietary restriction in the body.
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