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Proteomics

What’s the name 
of this protein?



Proteomics – Characterizing Many Proteins

How many “pink”
proteins?

How many proteins are 
phosphorylated?



A Voronoi tree diagram of the composition of an E. coli cell growing with a 

doubling time of 40 min. 



Dependency of Cellular Protein Levels on mRNA 
Abundance

Liu Y, Beyer A, Aebersold R.
Cell. 2016 Apr 21;165(3):535-50.
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Clinical Proteomics and Discovering Biomarkers

What is a Biomarker and why do we care?

❑ Any molecule whose 
presence/abundance is indicative of a 
diseased state

❑ Quick and accurate diagnosis allow 
physicians to manage risks and treat 
patients more effectively

❑ Provides insight into the biochemistry of 
disease progression

❑ Detecting diseases when they are at 
their earliest stages could result in 
better clinical outcomes



Clinical Proteomics and Discovering Biomarkers

◆Clinical proteomics: to define proteins that provide clinically useful 
information about susceptibility to disease, diagnosis, prognosis, and 
guided therapy

◆Biomarker: Quantifiable molecules or processes indicative of a 
certain biological state or condition
◆Detecting diseases when they are at their earliest stages could result in better 

clinical outcomes

Discovery Candidate
biomarkers

QualificationValidationSelected
biomarkers

Clinical
application

tissue/blood/urine clinical samples

Global unbiased screening
(mass spectrometry-based)

Targeted quantitative mode
(immunoassay-based)

candidate
prioritization



Challenges of Plasma Proteome

• 2.5 L of plasma in an adult 
contains 250 g of proteins

• 1012-fold concentration range 
between proteins

• 99% = 22 proteins

• Serum albumin 35-50 mg/mL

• Interleukin 6 (IL-6) 5 pg/mL

• Amyloid-β ~40 pg/mL
• 109 times less than albumin

• Most potential biomarkers are 
secreted into blood at very low 
copy number, especially in the 
early onset of diseases

• Approaches
• Depleting high abundant proteins

• Immunoenrichment

Ruiz A, et al, Plos One. 2013

Plasma Proteome Institute



Identifying HCC Therapeutic Targets

Jiang Y, et al. Nature 2019



Identifying HCC Therapeutic Targets

Jiang Y, et al. Nature 2019



A new global way to detect drug targets - DARTS

Huang, Lomenick et al., PNAS 2009

▪ Drug Affinity Responsive 

Target Stability (DARTS)

▪ Drug binding reduces protease 
susceptibility

▪ Protein target stabilized either 
globally or locally

▪ Does not require modification
or immobilization of the small 
molecule



Precision Medicine

Cristobal A, et al, Cell Reports 2017



Experimental design considerations

Larance M, Lamond AI.
Nat Rev Mol Cell Biol. 2015 May;16(5):269-80.

Multidimensional proteomics for cell biology 



Experimental design considerations

• Identification & Quantification
• Sample heterogeneity

• Database availability/completeness

• Dynamic range of sample source

• Loading considerations e.g. per cell vs. per protein amount; use ‘per unit of time’ for 
highly dynamic system such as urine

• Relative vs. absolute quantification

• Types of control
• Time control

• Vehicle control

• KO control

• Physical control e.g. pressure, flow rate, temperature



Experimental design considerations

• Normalization
• Based on assumptions e.g. expecting highly skewed data from AP-MS vs. control 

bead

• Sample size
• ‘missing value’ problem

• Statistical power

• Replication
• Biological vs. technical

• Statistical analysis
• Identification level 

• Quantification level

• Biological interpretation level



What Should We Avoid in Proteomics Sample Preparation

• Detergents
• Suppress ionization of peptides

• Bind to the column

• Polymers, PEG, plasticizer

• Involatile solvents 

• Salts and buffers (small molecules)
• Can be removed

• Keratins
• Human skin

• Wool

• Always wear gloves

• Use a laminar hood

PEG contamination



Recent advances in Medical 
Proteomics 



Dynamic SILAC with chemical labeling using neutron-encoded 
tandem mass tags (TMT)



Global, quantitative and dynamic mapping of protein 
subcellular localization

Itzhak DN, Tyanova S, Cox J, Borner GH.
Elife. 2016 Jun 9;5.



BoxCar acquisition method enables single-shot proteomics at a 
depth of 10,000 proteins in 100 minutes

Meier F, Geyer PE, Virreira Winter S, Cox J, Mann M.
Nat Methods. 2018 May 7. doi: 10.1038/s41592-018-0003-5.



Metaproteomics

• Proteome of multi-organism, 
complex communities

• Gut microbiome



De novo peptide sequencing by deep learning

Tran NH, Zhang X, Xin L, Shan B, Li M.
Proc Natl Acad Sci U S A. 2017 Jul 18.



Aebersold R, Mann M.
Nature. 2016 Sep 14;537(7620):347-55.

Interaction Proteomics and Structural Proteomics



Single-cell Analysis by Mass Cytometry



Single Cell Proteomics – Are We There Yet?

• Typical experiments 
need >10,000 cells for 
complete proteome

• Only top abundant 
proteins were identified 
from a single 
mammalian cell

• Alternatives?

Specht H, Slavov, N, J Proteom Res, 2018



Integrated data set of multi-omics analyses



Proteomics in Cancer Immunotherapy

Checkpoint Inhibitor

CAR T-cell

Precision Medicine

Cancer Vaccine



What Are Neoantigens?



Computational prediction and genomic sequencing 
approach tumor neoantigen identification



Neoantigen Prediction

• Somatic mutation calling

• RNA expression

• HLA typing

• Binding prediction by NetMHC and 

MuPeXI

• Deep learning

• List of candidates



Direct Identification of Neoantigens

• Immunoprecipitation

• MHC Class I: W6/32

• MHC Class II: L243, IVA12

• Mass spectrometry

• Immunopeptidomics

Khodadoust MS, et al. Nature 2017



Cell Line Model: HCT116

• Human colorectal carcinoma cell line

• Starting with 108 cells, approximately 10 plates, 
>90% confluence

• HLA genotyping
• A*01:01, A*02:01 

• B*45:01, B*18:01 

• C*05:01, C*07:01



HLA Peptidomes

Gene Peptide Mutation

CHMP7 QTDQMVFNTY A324T

RBBP7 EERVIDEEY N17D

RNPEP ALFEVPDGFTA I195F

UQCRB EEEKFYLEP N88K

Mann MCP 2015CUSB

• 2325 peptides were identified at 1% FDR
• Corresponding to 1725 proteins

• 8 phosphopeptides

• 4 neoantigen peptides
675 1032 618

Include 1+ > 2+



Comparing Motifs with IEDB

HLA-IP

9-AA

1140 entries

A*02:01 7861 

entries

A*01:01 1991 

entries

B*45:01 475 

entries

C*05:01 2559 

entries

C*07:01 323 

entries

B*18:01 652 

entries
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In Vitro Testing - ELISpot
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Summary

• Proteomics is not just an identification tool

• Multi-dimensional proteomics provide more in-depth information 
about cells, disease stages, multicellular organisms

• Quantitative studies need to be carefully planned and 
appropriately controlled

• Bioinformatics is an important step

• Multi-omics data are important for precision medicine and 
cancer immunotherapy



More info:

http://sysbio.chula.ac.th/

https://www.facebook.com/CUSBcenter/


