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Investigating the abundance of proteins

Antibody based technologies
— Fluorescent imaging, WB, ELISA, IHC
— Antibody microarrays

Without antibody

— Mass spectrometry
* Global discovery/shotgun
* Targeted/selected



— Discovery/shotgun

Mass Spectrometry —

Selected/targeted




Overview of Mass spectrometers

Separate ions by Detect ions and
mass and charge determine their m/z

- Mass Analyzer - lon Detector

lonize molecules

High performance liquid

chromatography (HPLC) Modified from Carr, 2013



Tk Qoo Selected Reaction
Mass dpectrometry . .
o . Monitoring (SRM)

for Direet Mixture Analysis
and Structure Elucidation
= multiple/plural reaction monitoring
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Sample lon Fragmentation Product Ion
lonization +/or Reaction

Yost and Enke, 1979  Triple quadrupole MS (QQQ)
* 10-100 proteins in one experiment

e Suitable for cell lysates, tissue
samples, bodyfluids, drug metabolites
etc.

http://www.biosurplus.com/store/products/5023273-applied-
biosystems-qtrap-5500-w-agilent-1290-infiity/



Differences between MS and SRM
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SRM workflow

Targets of interest 10-100 proteins

Unique for given target (choose 3-5 for every protein)
Good response characteristics in MS
Lenght of 10-21 amino acids

Define proteotypic
peptides

Fragmentation spectra database (PeptideAtlas, GPMDB,
GAPP, Pride, Tranche)

MS spectra

Internal standard ] . _
peptides Necessary for relative or absolute quantification

Trypsinize protein sample
Load tryptic peptides into HPLC

Prepare samples

Data acquisition




Internal standards for quantification

Quantification
Quantification Labeling strategy
Relative Label-free Label-free
(differential) Metabolic stable- [**N]Jammonium
quantification isotope labeling sulfate
SILAC
Chemical stable- ICAT
isotope labeling iTRAQ
mTRAQ
Enzymatic stable-  [180]water
isotope labeling
Absolute Metabolic stable- QconCAT
quantification isotope labeling PSAQ
Chemical stable- AQUA synthetic
isotope labeling peptides

SILAC: stable isotope labeling
by amino acids in cell culture

Natural («light») aa’s are
replaced by «heavy» SILAC aa’s

13/
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Optional protein or peptide fractionation
analyze sample with mass spectrometry

« Intensity of MS signals between
light and heavy peptides give
'3 relative protein abundance
between cell states A and B

Intensity

Picotti and Abersold, 2012
Ong and Mann, 2006



Metabolic
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Absolute quantification of transcription factors
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Aim: absolute levels of transcription factors (TF) during
dynamic process

e Interest in models of gene regulatory networks
predicting dynamic transcriptional mechanisms

e Little quantitative information so far
e Relatively low expression of TF in cells

» Screen 10 TF (including master regulators PPARy and
RXRa) during terminal phase of adipogenesis in
mouse 3T3-L1 pre-adipocytes

Simicevic et al., 2013



Workflow of quantifying TFs in 3T3-L1 cells

d 3T3-L1 NE preparation SH-quant spiking Heavy-TF expression
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Simicevic et al., 2013



Quantification of PPARy and RXRa

SRM Semiquantitative WB for RXRa
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Levels of 10 TF at day O, 2, and 4

Concentration (fmol per ug NE)
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Summary

— In vitro expression of internal standard protein
— Empirical selection of proteotypic peptides

— Run protein standards and endogenous counterpart in
same assay, thus decreased variability

— Over 10 target proteins can be measured
— High accuracy for protein quantities above 2.5 ng
— Independence of antibodies



A sentinel protein assay for
simultaneously quantifying
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Aim: proteomic screening to detect activation state of a
given cellular process

Step 1: identify 570 potentially suitable sentinels for S. cerevisiae

Step 2: select proteins specific for one or more pathways

> activation, deactivation, phosphorylation, cleaved, induced
expression

Step 3: biologically validated ‘A-grade’ sentinel (88% of the selection),
predicted ‘B-grade’ sentinel (12% of the selection)

Step 4: establish quantitative SRM for 157 senitnel proteins and 152
sentinel phosphopeptides

> Multiplexed sentinel fingerprint assay (188 unique biological
processes)

Soste et al., 2014



Defining environmental perturbations

Stationary phase

* Synthetic complete liquid medium, 2% glucose, 30°C

30-min and 60-min heat shock

e From 30°C to prewarmed 42°C medium

Heat-shock recovery

e Transferred back to 30°C medium

Osmotic stress
e Treated with 0.4 M NaCl for 10 min

Osmotic stress adaptation
e After 1.5h of salt stress

Rapamycin treatment

e 220 nMin 90% ethanol/10% Tween-20 for 3 h

Amino acid and nitrogen starvation

*  Medium: 2% glucose w/o ammonium sulfate or amino acids for 4h

Soste et al., 2014



Criteria for ‘sentinel’ proteins or
phosphopeptides

Find suitable proteins from literature, database, yeast biologists
— Activation, deactivation, phosphorylation, cleaved, induced expression

— Four classes of biological relationships
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Sentinel fingerprint assay
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Response of yeast to heat shock

SR
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Thermotolerance
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Summary

- Multiple markers tested simultaneously

- Detection of new pathways

- Adaptable for any protein

- Readout for activation status (no abundance)

- Only selection tested > other pathways precluded
- Cross-talk between biological pathways
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Data Analysis, i

Tissue Cell Sample Proteomic -
Preparation Procurement Preparation Analysis Fa:?;:ﬁﬁ:ar:;;:iu“
DIRECTOR® Ti Liquid Tissue® $AM
el Microdissection Processing (uantitation

e Tumor tissue from infiltrating ductal carcinoma of the breast
 Measure expression level of oncological targets:
Insulin-like growth factor 1 (IGF-1R),

Human epidermal growth factor receptor 2 and 3 (HER2/3),
Epidermal growth factor receptor (EGFR)

Hembrough et al., 2013



Correlation of SRM and immunoassay
guantification of cell lines

e Cell lines expressing IGF1R, EGFR and HER2
» fresh, detergent-solubilized cell lysates measured by ELISA/ECL
» Formalin fixed and paraffin embedded cell blocks analysed by SRM
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HER2 expression correlated to IHC score?
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Different HER2 expression within the same
IHC score

>
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Summary

Quantitative expression levels of 4 proteins obtained from
FFPE tumor samples

Advantages Limitation
— Many targets can be tested — Subijectivity in Laser
simultanously from limited Microdissection
amount of tissue — Laborious preparation

— Objective quantification
— Assay sensitivity 30- to 60-
amol/ug



Outlook

Can be performed on body fluids (plasma, serum, liquor),
fixed tissue, drug meatbolites, food components etc.

Advantages Limitations
- PTM - Only average amount of
- Multiplex analysis (50-100 protein in a sample
proteins) - No single cell, no histological
- Complex sample mixtures context
) glrflg—gg/mL to high ug/mL efford (IP, enrichment)

- High inter- and intralab
assay reproducibility



Thank you for your attention



RXRa sequence and proteotypic peptides
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