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2014: Human proteome draft
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“Non-targeted”
(DDA)
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Discovery proteomics
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> Start without any prior knowledge

> Simple enumeration: grasp entire structure of proteome

> Relative comparison among small number of samples

> Easy to perform experiments

> Availability of various tools for data analysis



“Non-targeted”
(DDA)

Discovery proteomics
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» Overexpression or endogenous ?

» Single purify or tandem purify?

 In-solution digestion or in-gel digestion?

& RIS R CESAER1T)

« Sample number or protein number?

* Non-targeted or targeted ?
» Label or label-free quantification?

 Isotopic or isobaric labeling?

& FERZREE
« Comprehensive or specific protein?
* Phosphorylation: IMAC or TiO,?
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a Affinity pulldown (immunoprecipitation) b Proximity labelling c Protein correlation profiling
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Mark Larance and Angus I. Lamond
Nature Reviews: MOLECULAR CELL BIOLOGY, 2015
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Sample prep/
Separation
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& Subcellular fractionation
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Multiple-hypothesis arose from big data

Big data
Drug effect Disease mutation Owr! data
RNA expression _ _ . Question
Epigenetic data -
Non-targeted proteomics Genome Intuition
PTMs

Literature Protein-protein interaction
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Hypothesis

A

Multiple hypothesis testing




“Targeted”
(MRM)

Targeted proteomics
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» Start with specific question

» Quantification across various samples
» Absolute quantification

» High data consistency

# Difficulty in method development

€ Need for manual inspection of chromatogram
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Comprehensive targeted proteomics

Selection of sensitive and specific peptide for MRM

Quantity known internal standard for each peptide

4

Genome wide recombinant protein library,
“in vitro proteome”



@ IMPAQT: genome-wide targeted proteomics platform

____
I. Factory of “In vitro proteome” Il. Discovery (identification) step lll. Target (quantification) step
Human full length cDNA library QqTOF Target sample + Recombinant
(TTOF5600)
mTRAQ labelling

Digestion

Triple stage quadrupole
(QTRAP5500)

\ | v

+ In vitro synthesis

Recombinant proteins

M > 25,000 proteins
~ 2 S Peptide ID MRM chromatogram
>
+ Digestion . + 2
Proteotypic peptides database g
Peptide library a
- > 100,000 peptides

N
X

LT

Protein Synthesizing Robot TTOF5600 QTRAP5500
Matsumoto et al. Nature Methods (2017)



Statistics of IMPAQT database
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Matsumoto et al. Nature Methods (2017)



iMPAQT

in vitro proteome-assisted MRM for Protein Absolute QuanTification

[Top]
I Search
i iMPAQT-NL
QimPaaT-mTRAQ Q.. . )
Partial version

I News

Date Comment

News and Views about iMPAQT
2017-02-28

yY ic h pr for accelerating protein research.
Nature Methods, 14: 240-2, 2017. DOI: 10.1038/nmeth.4191

iMPAQT's first paper published in Nature Methods

A large-scale targeted proteomics assay resource based on an in vitro human
proteome.
Nature Methods, 14: 251-8, 2017. DOI: 10.1038/nmeth.4116

"Targeted proteomics approaches are of value for deep and accurate quantification of
protein abundance. Extending such methods to quantify large numbers of proteins
requires the construction of predefined targeted assays. We developed a targeted
proteomics platform-in vitro proteome-assisted multiple reaction monitoring (MRM)
2016-12-26 for protein absolute quantification (iMPAQT)-by using >18,000 human recombinant
proteins, thus enabling protein absolute quantification on a genome-wide scale. Our
platform comprises experimentally confirmed MRM assays of mass tag (mTRAQ)-
labeled peptides to allow for rapid and straightforward measurement of the absolute
abundance of predefined sets of proteins by mass spectrometry. We applied iMPAQT
to delineate the quantitative metabolic landscape of normal and transformed human
fibroblasts. Oncogenic transformation gave rise to relatively small but global changes
in metabolic pathways resulting in aerobic glycolysis (Warburg effect) and increased
rates of macromolecule synthesis. iMPAQT should facilitate quantitative biology
studies based on protein abundance measurements."

2016-12-25 iMPAQT-quant ver.0.9.0.0 released




Human synthetic proteome

Material Label Internal std. Final information
SRM Atlas Synthetic N N  MS/MS spectra
(Kusebauch peptide O © « MRM assays
et al, Cell, 2016)

(~170 k peptides)

: Recombinant
iIMPAQT ) .
(Matsumoto et al, protein Chemical Yes MS/MS spectra
Nature Methods, (~18000 proteins/  MRM assays
2017) ~210 k peptides)
ProteomeTools Synthetic NG No « MS/MS spectra
(Zolg et al, ; . .
Nature Methods. peptide Various modes

2017)

(~330 k peptides)
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Recombinant protein *
Synthetic peptide Full length Concatemer
Labeled Chemical labeling Chemical labeling Labeled Labeled
a b SR | KR | L EE——
Add to Labeling Digestion Add to Add to
digests v sample sample
Analysis et G —— Digestion Digestion
Add t i
diges?s lLabelmg Analysis Analysis
AnaIySiS JJJJ)
Add to
digests
Analysis Matsumoto M. and Nakayama K.I.

Curr. Opin. Biotech. 2018

B

¥1200/peptide

¥80000/peptide

*Concatemer approach was originally developed by two independent groups.
Beynon, R.J., et al. Nat. Methods, 2005, 2: 587-589.
Kito, K., et al. J. Proteome Res, 2007, 6: 792-800.
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