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The central of molecular biology o LT

@ Tissue/Cell Lines What appears to
be happening

Carbohydrates 890

’& Amino

Protein

What can happen
PP What has happened

and Is happening
What make it happen
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Future research direction: multi-omics combination

.....

Fuse large—scale multi-omics data to comprehensively
explore relationships between various biological
entities.

(a) Multiple omics
heterogeneous network

Divided into three levels, the first is the collection and
infegration of multiple sets of data. By calculating the
similarity between biological entities of the same type,
sub—networks are constructed and associated with
other sub—networks.

Then, according fo the characteristics of the organism
itself and the characteristics of the constructed network,
the latent characteristics of biological entities are mined.

Finally, using these features, the relationship is
predicted based on methods such as deep learning.

3D Conformer fearure
Morgan Fingerprint feature
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Proteomic and disease(neurodegenerative disease)
Protein is the executor of life functions, and almost no life activity can leave protein

Understanding A -
o ' Parkinson’s Disease (PD) is a slowly : Ly
Pa r k l n SO n S progressive, degenerative disease of “ g ALZ H EI M ER’ S DlS EAS E
the brain. It affects nerve cells in the \ .

areas of the brain called the basal \

| i
B \
I sea Se ganglia, which are important in \\
determining how your body moves \\
\

— ( YJ > 2 i Giaia oo Setei t s sl \\‘\
\‘3 ¢CVIEW INFOGRAPHIC = ):
e O Vo = '

Alpha-synuclein (alpha-synuclein) is a soluble protein expressed presynaptic and perinuclear
in the central nervous system, which is closely related to the pathogenesis and related
dysfunction of Parkinson’s disease.

The etiology of AD is the deposition of 3—amyloid (AB) and fau protein, which causes a large
number of neurons fo die, and cis—P-fau protein, which can drive neuronal degeneration.
Antibodies targeting cis—P—tau improve neurodegeneration and memory loss in mouse models
of vascular dementia and Alzheimer’s disease. Can be used as a target for the treatment of
vascular dementia or early Alzheimer’s disease.

Amyloid -
plaques
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Proteomic and disease
Distinguishing disease by monitoring abnormal protein signatures

Tumor biomarkers: refers to the substances produced by
malignant tumor cells or the host’s stimulatory response to
tumors, and can reflect the occurrence and development of
tumors, and monitor the response of fumors to freatment.

2 (ERimE) (15) (ngg) () (1vee)
94% 82% 67%

cbeanealiab
TPA SCC NSE pamure,, ARTICLES
medlclne https://doi.org /10.1038/541591-022-01850-y
AR
TPA CEA BFP SLX NSE

Noninvasive proteomic biomarkers for
alcohol-related liver disease

CYFPA SCC NSE
ProGRP

CEA NCC-ST-439
-
TPA CEA BFP

T TPA CEA CA19-9 C II
NCC-ST-439 AFP e
AFP-L3% PIVKA-II NCC-5T-439
Extracellular Vesicle and Particle Biomarkers Define
Cancer Research

CA19-9 CEA Span-1 TPA CEA BFP CA199 Totifmal Multiple Human Cancers
NCC-ST-439 SLX

DUPAN-2 _\
| g [ENEESS [RETTER

BFP Journal of

BBt >~ TPA CEA CA19-9 E?asEQcEeome

TPA NMP22 BFP NCC-ST-439 STN Proteomics reveals NNMT as a master metabolic

https://doi.org/10.1038/541586-019-1173-8
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CA72-4 - i i
e regulator of cancer-associated fibroblasts
TPA BFP PSA 59 S 9 . Cell Reports
y-Sm PAP TPA CEA CA19-9 (B -

Medicine

Proteome profiling of cerebrospinal fluid reveals
biomarker candidates for Parkinson’s disease
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Proteomic and disease-biomarker Bz 2FRES

Distinguishing disease by monitoring abnormal protein signatures

Therapeutics

Molecular characterization Lipid Phenotype
Glycan =
b [ ; Metal Microbe —1 . .
@ Qgﬂl s mRNA Protein  Metabolite ¢ Disease history
L) — | Lifestyle
L‘ ) y Microbiome
i : Metabol Lipidome
gc];r?:)ﬁel, Genome Transcriptome LI__]Proteome slaboome Glycome
| Epigenome [ 1 Metalome =e Imaging
MS-based protein Antibody-based protein
characterization characterization
3 Histology
. . $ Cytology
Biomarkers at different stages of T3 £ N
development in patients with Clinical @ ¥ f) g | | |
disec:sep i specimens — (,6\ —> ‘:g o = E|111] ‘ |11 - Blood test
i ) miz Urinalysis
Different types of disease Proteins Peptides LC-MS/MS J Soattast
biomarkers Artificial Intelligence and Machine Learning )
| 1
( Omics data ) ( Clinical data )
disease treatment prognostic EB e i et
markers Diagnosis I Biomarker l -« : : : : : : : : )
Prognosis panels ¢ s s 8 & o
Al
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Proteomic and disease
Distinguishing disease by monitoring abnormal protein signatures

GLOBAL CANCER BIOMARKER MARKET FORECAST 2019-2027

TOP COMPANIES
ABBOTT LABORATORIES

MARKET BY REGION
VERY HIGH

5 q!
« ¥ o EUROPE -
b A MARKET BY REGION
NORTH AMERICA >. o1

ASIA PACIFIC
'MARKET BY REGION

MEDIUM % -
Ty, AGENDIA N.V. EEEMRRERRFE

AFFYMETRIX, INC.

REST OF WORLD
MAR% 3{ g‘ENGION X
) AGILENT TECHNOLOGIES, INC.
L ¢
GLOBAL CANCER BIOMARKER MARKET, MARKET SHARE BY DISEASE
BY DISCOVERY AND DIAGNOSTICS A
2019-2027 ook
(—_
40%
= ] —r
BIOMARKER DISCOVERY l 4% :
— = — o [ BRRATTETamifly
ther Cervical Prostate Colorectal Breast Lung
cancer cancer cancer cancer cancer cancer
® 2018
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Proteomic and disease-therapeutic target ogleos s oo
Discover new potential drug targets; Undifferentiated identification of target proteins

directly acting on drugs

By comparing normal and diseased variants, and changes in protein
a snys‘mLerﬁﬂar profiles before and after administration, proteomics technology can

review TPP: IR | 2H %2 provide information on the molecular mechanisms of disease

occurrence, drug effects, and adverse drug reactions. Specific

biomarkers identified by proteomics can be used to investigate drug

Thermal proteome profiling for interrogating : .
efficacy, resistance.

protein interactions

5 1 . 124+ . " . 1 .
andré Mateus™" 0, Nils Kurzawa . Isabelle Becher', 5||.'|dh|.ua Sridharan®, Dominic Helm, ‘frontiers ORIGINAL RESEARCH
Frank Stein” &, Athanasios Typas @ & Mikhail M Savitski®™ - in Immunology . publshed: 20 August 2020

.o
®
< T’ c.....,....i.u (f} — P erturbation EE—p {/ -
adk, )V S \‘ Multiple Processes May Involve in
the 1gG4-RD Pathogenesis: An
Integrative Study via Proteomic and

Transcriptomic Analysis

-
St {)

Network-Overview Network-Focus Top 15 Hub proteins
e 2 5 Gene Symbol  Degree
RAC1 14
ITGB1 12
MAPK1 12
MAPK3 12
ACTB 12
ACTG1 12
CDC42 12
PRKCB 12
PRKCA 11
PIK3CA 10
PIK3CB 10
PIK3CD 10
PIK3R1 10
K PIK3R2 10
PIK3R3 10
H . . PRKCG 10
Mol Syst Biol. 2020 Mar;16(3):€9232 sRC. 10
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1995 Single cell proteomics 2015 Tissue map of human proteome J
1897 Early MS by Thomson 1996 In-gel digestion 2019 4D proteomics
1919 Observation of isotopes using MS ECD 2019 HPA blood atlas
1946 TOF 1999 1% mention of “human proteome project” 2019 16-plex TMTpro
1953 Quadrupole I999 TCAT 2021 18-plex TMTpro
1966 Peptide sequencing 2005 Human protein atlas
1966 Tandem MS 1985 MALDI 2007 HCD
1967 Edman degradation 2008 First bioinformatic draft of the
1988 Nanoscale LC
1968 CID human proteome
1968 ESI 2008 MAXQUANT
l H
1965 1970 1980 1985 1990 1995 2000 2005 2010 2015 2020
1993 Peptide mass fingerprinting
1994 “Proteome” defined 2010 SKYLINE
1994 15t ESI MS-MS protein 2010 HPP
identification 2013 10-plex TMT
1994 SEQUEST algorithm
1962 MS imaging 1975 2D PAGE MS 2000 Orbitrap
1962 TIon-mobility MS 1978 Triple quadrupole MS 0G0 A
1978 SRM/MRM 2001 HUPO formed
00 viudP
(2001 Human plasma proteome project |
2002 DIA

2003 Sub-2 pm LC resin

. . o o . 5 o 2003 Target-decoy
protein-protein interactions [l post-translational modification 2004 iITRAQ
2004 TMT

large-scale protein screening
Protein Population Characteristics P P
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Proteomics experimental workflow-shot gun/bottom up fo. o
Sample prep. Mass spectrometry Data analysis
=
Proteome
v B lonization
(electrospray) L7
Digest L R
v 2 MS
Separation L 1] (full spectra) I Quantification
HPL
= LS MS _ 4 Fragmentation ‘ P
(precursor selection) (CAD) ISR

=

ORBITRAP MASS ANALYZER

HPLC p
. MS/MS

(Production spectra) ~ - |dentification

MSMS |

Time

Quantification

miz £
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Q Exactive™ HF-X

Orbitrap Exploris™
480 Mass Spectrometer

B

Mass Spectrometry Instrument Platform o
138 B FR RESEHE PR
Q Exactive™ 140000 50 ~6000 m/z 12HZ
Q Exactive HF-X 240000 50 ~ 6000 m/z 40HZ
Orbitrap Exploris™480 480000 40~6000/8000m/z  40HZ
Orbitrap Eclipse 240000 50~8000m/z 40H7Z
Deeper Dive into Proteome - More Productivity with Thermo Scientific Q Exactive HF-X
MS
= Q Exactive Plus MS u Q Exactive Plus MS 120 min
u Q Exactive HF MS m Q Exactive HF MS 60 min
=Q Exactive HF-X MS ® Q Exactive HF-X MS 30 min Maximizing peptide identifications
Increased 34780 24083 25336 + Highest peptide coverage
de ID ofﬂciency * Deep proteome analysis
+ Spectral library building
24083
+ 2x productivity increase vs.
16455 Q Exactive HF
* 4x productivity increase vs.
Q Exactive Plus
+ Sample: 1 ug Pierce Hela digest
Peptide Groups - 60min Peptide Groups

Orbitrap Eclipse™ Tribrid™

Mass Spectrometer
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software

Latest version of commercial software:PD2.4, Spectronaut 16, Peaks,

@ Proteome Discoverer 2.4 SP1

Thermo Official search software

New Study/Analysis..

B CKR048-20210310

Open Study... B New Study
Open Result... B New Study 2
B New Study 1
B Wo067-20210317
M W068-20210317

Simultaneous completion of

peptide sequence search and
glycoform search

VA (C59) - Speciic 58 Reerence Comporison Resference
¢ "

8 i P Integrated Applicatig
PP — Templated Workflo

o 1] (]

AM Chrenatogran  NAM Chronsitogran MAM How Poak
Anctation {m wico)  Annctation (LC-NE/MS) Detectnn
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Pipeline D tabases Settings

Library Analysis  Post Analysis
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byonic

"N PEAKS Studio - 64 bit

PEAKS the latest algorithm software,

b | [004] HFX AT DIA Araw
b | [005] HFX_AD71_DIA_S.raw

processing a variety of data, De novo

Skyline is mainly used in

; PRM/ MRM targetmg data analysis

b | [006] HFX_AO71_DIA_6.raw 100 [*_iRTPe eptides —— RT=f(iRT)=0.48 xiRT +24.39
b [007] HFX_AO71_DIA_7.raw
jmrmeee 8 o« retneval has umque advantages
7 1008) HFX_AOT1_DIA Sraw s 1
1 [010] HFX_A071_DIA_10.raw - > - VO _ )
7 [011] HFX_A071_DIA_11.raw T
> § 1012 HEXAOTDIA 12 Bl ® DATA REM 1 [2021 -12-07 15:43 De nov
i {013] HFX_AD71_DIA_13.raw i
i [014] HFX_AD71_DIA_14.caw § 50 L M_A DENOVO 2 [2021 -12-07 15: 43] c
1 [015] HFX_ADT1_DIA 15 caw ot ¥ PEAKS 3 [2021-12-07 15:43] 2
b § [016] HFX_AO71_DIA_16.raw 8
b (017 HFX_AO71_DIA_17..aw 30::4: =
1 10181 HFX AD71 DIA 18raw & . * ,

search software

! - . 300, 2530 [:hop —— Db3-3421846+ —— b4-4% Identification Tables MS/MS - ITMS Advanced
8 e‘ﬁ —— b4-2281380++ —— b5-2¢ ;
T L —— yB-658.4134+ ——— y5-54 fon
G- @ -ﬂu. ote 35 - asta ties I Add file | Remove file
E| ﬁ QSQ\ }
| E-e %, RIFSPLYCTROR A [37, 47) ‘ G:\commercial\202103\W068-20210317\W068
i B @ )y, €98, 3564++ (dotp 0.44) : : ;
q % 08095705 ‘ G:\commercial\202103\W068-20210317\W068
=E ?n.!SDD'F-.PLD 802, @081
@y 414, 7085+
J % ADADEZETAT 3
| B 9y RoTipaFssusy. v [38, 49) 3 5 S
i & Jn —— 943 Fixed modifications | Acetyl (K)
- FiLuzg 12.3 ppm |

| Acetyl (Protein N-term)
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quality control process o i

Sample quality control Instrument quality control Data quality control

Number of peptides with special PSM numbers

1{2% 2000
25 .
2 y = L0367% + 0.1918x + 0.0554 - i
R2=0.9308 ' g™
15 . 2 § )
o g g .
ﬁ:‘ .. E gluun L
E ‘
e E
05 ] E %00 i
...... | YTETE A h
0e®
0.000 0.200 0.400 0.600 0.800 1.000 1.200 1.400 . III'
onfg : % 3 7 40 &0
Number of PSMs matched to peptide
N o = Tomt == Decoy —— Esfimated Nul Distribution
[ - - — ' I I
L — — — S—
— E — e~ — 8
- e e . 260
-— E H = =3 -3 gy N
:': P TS Gmm—, S 260 0.893 Cscore at 1% QValue
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Protein translational modifications proteomics

Protein post—translational modification (PTM) can change the physical and chemical properties of proteins by adding modification groups to
one or more amino acid residues, thereby affecting protein spatial conformation, activity, subcellular localization, protein folding and protein—

protein. interaction.

Exemplary enzyme
(i.e. kinase)
N ) / \$ neurodegenerative
/ \ bacterial and pe
{ ) - ™~ 1Seases
) ! viral infecti ‘
)> ’i ~ ¢ iral infection DS —\\ W o the SUMO modified proteins:
\J\ s < [\ - _ @ the SUMO modified proteins: TBKI ) Huntington's disease: huntingtin
@ , * s’\ }\L\‘ “7 Primary @ the key genes for inflammatory breast ’w ( Parkinson’s disease: o-synuclein, DJ-1
F -m0 amine cancer: SUMOI Alzheimer’s disease: tau, AR
,w',gﬂk
i i ¢ R a
@ > ()22 A9 4J f‘,:, -
Enzyme reco. /ﬂ,molt_ \ ~f‘p5/ N { : S 4
{ ) - N Isocyanate

Oxygen radicals

motr | < p
‘ %\\ k, ’ ",d' lucose
wp;j Ay 2 ﬁ‘ﬂ%'P‘ ;-J

cardiac diseases

Enzyme-catalyzed PTM 1 Non-enzymatic PTM cancer
@ promyelocytic leukemia protein (PML)

o/
® the SUMO modified proteins: MAFB, Akt, etc.
® lung cancer: PIAS3 upregulated
# adenocarcinoma and ovarian cancer: Ubc9 upregulated

Mainly driven by enzymes, PTMs are important tools for regulating e sepatoceliular carcinona: SAEV? upregulated
cellular and profein functions and maintaining cellular homeostasis

PTMf & & e Zrat 24 Me, RIALAXTEATH:

(1) B—&8aR, e R L4 —F XG5, LARTEZHFAEE;

(2) B—ANEaE —F&#EE1516, RAEALTRNALRKR L, LR TRRE;
(3) —&Z & THRELARENSW, EaRfrs0EhIEE N E L
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The necessity of post-translational modification proteome research *

EmiaflEBERESANESEARFEFERX, SPTMIEX
FHRAFTIVARRR, SERAEFHEL, EEBHIE

Cyclic immonium ion of lactyllysine reveals

PTME G F A S ESINSFEIENS, £EWirEiNZE widespread lactylation in the human proteome
$E R RYTE %

— SINCE 2009—

nature methods

Signal Transduction and Targeted Therapy www.nature.com/sigtrans
; ®
4;Proteome pegtides © 4, Proteoms peptides e
-z o 140 Pancreatic tumors SERIER S OFEN . )
1| i, 67 Normal adjacent tissues Phosphoproteomics reveals therapeutic targets of esophageal
 § 5 i
| d SISt squamous cell carcinoma

e T 5 Multi-omics )
" oo i Genome Transcriptome  Proteome Phosphoproteome Glycoproteome Cancer Cell @ CelPress
o  pee e
3“11 y ?.‘ 4 -J 8 'r 4 % WES RNA-seq v A s PJ{ % . .
r | Votnion | MRNAseq &0 o~ B Increased glucose metabolism in TAMs fuels
wen | wsm’ s CEmEOow O-GlcNAcylation of lysosomal Cathepsin B
to promote cancer metastasis and chemoresistance
ﬂ M‘l PTMs that are associated with human 3::??:5 Ce“ Reports ﬁ’ CelPress
OPEMN ACCESS
The CUCKOO Workgroup THe BUEKGQ WORKGROUP

HOST

HOME BROWSE ADVANCE ENRICHMENT DOCUMENTATION LINK CONTACT DOWNLOAD Macrophage KG&Linkﬁ Ubiquiﬁnaﬁon Of YAP
PRODUCTS OF CUCkoo ¥ Introduction Promotes Its Nuclear Localization

Post translational modification (PTM) is an important biochemical process, which occurs after the mRNA is translated into the protein sequence in 'bates moscl H
r ribosomes. PTM process the protein by adding different biochemical group (such as phosphorylation (Moorhead et al., 2009), methylation (Chen ef al., 2006)), and Exace A eroSIS
r by adding different small protein molecule (such as ubiquitination (Gao et al., 2013), sumoylation (Ren et al., 2009)), and by splicing protein sequence at
specific sites (such as caspase cascade (Earnshaw et al., 1999)). PTM is involved in nearly all aspect of biological processes by regulation of protein function.
r Abnormal PTM status has been reported to be associated with a variety of diseases, including cancers and neurologic diseases (Cohen et al., 2001, Aletta et

al., 2008, Sakamoto et al., 2002, Mcllwain et al., 2013).
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Protein translational modifications proteomics

Protein
conformation

Q-0

Glycosylation

Phosphorylation

B B2 5
‘. L-'.. —— SINCE 2009—

Acylation

Turnover
““&3
P
Ac o
Lipidation

}‘ Ay o
"A . o /
= & v <
Methylation

Enzyme activity

Protein binding Ubiquitination

and interaction
Me\
O

® s & QK%»Ub
e ./
Ac
Localization Crosstalk

B XA Rt X bk
methylation L AL e
dimethylation 2 B IF FAL Pt RV REETIRAYE: fax
trimethylation AR =T LA EFam, AEZOQHRTARLE S
ADMA H A B TR =W AL &, DNAZ #lF= 45
sDMA i 2 BRAS AR = F AL
malonylation A" =B
succinylation %16 B o g ,
glutarylation X =B B AL ;}g%&fgﬂb A= e
Acetylation LB
N—Acetylation Ns# LBt
= s A -
HexHAcylation O— LBLH & 48 pets 1 Rl £K. ;%\’%;Ki - AT,
3 ";; = NN 2@ IJ S /A BN i CH

phosphopropargyl & E& 4L TRE L &ggiﬁg KAH

B - e B BR s, e 550, A
GG-Ub Z % AL /SUMOAL EVLREG A K
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Protein translational modifications proteomics
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Jo 1t 55 e T R i ) D6 3 R P ) B 1 e i i ) O B D 8 O S B

Target Sample Lysis/digest
Phosphorylation &
-w
Glycosylation /
-4 9
| tissues/organs o
Acetylation o
i} Jox
NO%JP:'.QJ.Q
I i ~ o AN T
Methylation g Hz—:'o S
4 6’7* Y oo Jot?
o *93
Ubiquitination J protein digestion
blood

| antibody)

Enrichment

Mass spectrometry

analysis
Chemical ligand Q\Q "
(Ti0,/ IMAC)
TS0
Protein affinity ) o
(Lectin) \-_’,._ \ e
Chemical ligand _~

(T, )

Immuno affinity
(Acetyl lysine
antibody)

j) ‘
o o~
Immuno affinity Q Q_ |

(Methyl lysine d ~

antibody)

| Immuno affinity Q.7 Q|

(Ubiquitin branch

gl to

\

Peptide analysis by LC MS/MS
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SERET 852 haE. &S 211
MmE%RL. =8 531 PR 186
£eruk 485 Bk 135
ANBR 430 AT 118
miRNA 413 RGERRE 118
Sl 371 ==k 105
IncRNA 371 S 76
S 358 M/ MR 76
PERERE 312 By 46
circRNA 287 IR T 25
mG6A
m5C 270 BB 21
m7G
=3 A 257 HEMKfE 21
EREE 232 B 4




Protein translational modifications proteomics—ubiquition A

c 9 Substrate protein g
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\ N |
17,

Cell signalling events in
DNA damage response
and cytokine signalling

- Of im ok
Fls AL

|.ERFEER

o PERETRITRER:
mE R ER. AEERAS

Front. Microbiol., 03 July 2014

iR R EA LR

2BFERIEREH

o FEEaRTEshiER P EA:
ek HF . DhfgtEER A

www.nature.com/reviews/cancer
370 | MAY 2006 | VOLUME 6

291 P B SR 5K 2R PR
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ERRAYEMSTAS
— 342

EREQARKRBGFEAGET M PSME, BEF, 2 TF. hinle s, KEKEF
. 2 RERERGH N (BBPEL. HASH . EEHIN)

=, BREESN (2RHREBE, HXHESHT. TR

g, £F&FaRE (ZREGRKLE. #E. REE. ROCHE L)

. HRE ELH
COGHy it 28
GO (GORBE=ZHE., 2ZRr&a£RE. §&oMEBE. REeB. F2ZH. A6 LHHE
. GOslima#r (GOslimzH=ZBE ., 2REaEKB. &M E. e/, #iz8)
. KEGGo#r ( ZRr&a£RKE. §&omeaH. Riel. fizH, @%H)
. Reactomep#7 ( ZF&aRKE,. TE/MEH., LB, FzEH. AuLixH)
. PlamE &4 (2R EQOERE., &9 EH., LB, 52H)
. M IR o HPPL (A Z/ER W& 54T, Hub¥ 54547 )

B
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proteomic techniques(LFQ/TMT/DIA)
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Immunity IF: 22+ &FHT: Immunity, 2020

Plasma Proteomics Identify Biomarkers and
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