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Mycobacterium tuberculosis (Mtb)

» Mycobacterium tuberculosis is the causative agent of Tuberculosis (TB)
* One third of the world’s population latently infected with Mtb

* 1.7 million deaths from TB each year

- More efficient treatments urgently needed

 Limited availability of techniques to measure proteins with high
sensitivity, selectivity and reproducibility
Traditional approach: Antibodies
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high cost, low backgrounds.
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The Mtb Proteome Library contains SRM
assays for the entire proteome of Mtb
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Schubert et al. Cell Host & Microbe 2013
The Mtb Proteome Library: A Resource of Assays to Quantify the Complete Proteome of Mycobacterium tuberculosis.




Definition of the MS-accessible
Mtb proteome by discovery MS

Extensive fractionation and shotgun MS on Orbitrap XL
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Isoelectric focusing (off-gel electrophoresis)

3074 proteins (77%)
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Total: 3,488 (87%) 100% corresponds to the
4,012 annotated ORFs in Mtb
RNA-seq data: Arnvig et al., PLoS Pathogens 2011 (TuberculList v2.3)



Generation of SRM assays
using crude synthetic peptides
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17,463 crude synthetic peptides (JPT) measured in pools of ~100 on a Qtrap 4000 in SRM-triggered MS2 mode



Increasing SRM/SWATH assay specificity and
throughput by using IRTs and scheduled SRM  skyiine
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Escher et al., Proteomics 2012, Using iRT, a normalized retention time for more targeted measurement of peptides



Theoretical assessment of SRM assay
specificity using the SRMCollider
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version 1.4
Hannes Rast 2012
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SRM Collider

Download About
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= Mtb scheduled
== Mtb+human unscheduled
= Mtb+human scheduled

Collider Instructions
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Peptides

The SRMCollider is a program that will take your input transitions and compare them to all other
transitions in a given background proteome and find interferences. It will report these interferences on a per-peptide basis,
allowing a researcher to identify peptides that share many transitions with the target peptide.
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Please enter the peptide sequences here (see Instructions for help):

LSDVVDDLQDVIQEIR[166]/2, LSDVVDDLQDVIQEIR[166],2,929.987772,873.44574, #N/A, 2, v15 o

LPDGNGIELC[160]1R/2, LPDGNGIELC[160]R, 2,612
LBDGNGIELC[160]R/2, LPDGNGIELC[160]R, 2,612

LPDGNGIELC[160]1R/2, LPDGNGIELC[160]R, 2,612
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.308612,1031.473119, #/2,1, v
.308612,915.446176,$N/A, 1, v8
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308612, 582.276257, #N/A, 1, v4

. 308612,453,233664, $N/A, 1,v3
.308612,561.76658, $N/5,2,y10
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LPDGNGIELC[160]R([166]/2, LFDGNGIELC[160]R[166],2,617.312746,1041.481388, #N/2, 1, ¥9
LPDGNGIELC[160]R([166]/2, LPDGNGIELC[160]R[166],2,617.312746,925. 454445, #:/8, 1, y&
LPDGNGIELC[160]1R([166]/2, LFDGNGIELC[160]R[166],2,617.312746,592.284526, $1/A, 1, v4
LPDGNGIELC[160]R([166]/2, LEDGNGIELC[160]R[166],2,617.312746,463,241933, #:/3, 1, v3

LPDGNGIELC[160]R[166]/2, LPDGNGIELC[160]R[166],2,617.312746, 566.770714,$N/R,2,v10 -
SSRCalc window 10 arbitrary units

Q1 mass window 0.7 Th

Q3 mass window 1.0 Th

Low mass threshold for transitions 300 Th

High mass threshold for transitions 1500 Th

Genome Mycobacterium bovis +

Consider isotopes up to 3 amu

Missed Cleavages 1 -

Find UIS up to order” 2

Rost et al., MCP 2012, A computational tool to detect and avoid redundancy in selected reaction monitoring




Validation of the Mtb Proteome Library In hl
unfractionated whole cell lysates by SRM SKyTne

mProphet analysis d-Score <178

m-Score < 0.01

s B decoy i
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Normalised discriminant score (d-Score)

To validate all these SRM assays, over 200 scheduled SRM runs were needed.

Reiter et al., Nature Methods 2011, mProphet: automated data processing and statistical validation for large-scale SRM experiments



The Mtb Proteome Library contains SRM
assays for the entire proteome of Mtb
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3074 (77%) proteins

3894 (97%) proteins

2884 (72%) proteins

Schubert et al. Cell Host & Microbe 2013

The Mtb Proteome Library: A Resource of Assays to Quantify the Complete Proteome of Mycobacterium tuberculosis.



The Mtb Proteome Library is a publicly available resource
of MS reference data, SRM assays and their validation
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Application of the Mtb Proteome Library to study the
dynamics of the DosR regulon of Mtb under hypoxia

Mycobacterium bovis BCG
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Application of the Mtb Proteome Library to study the
dynamics of the DosR regulon of Mtb under hypoxia
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Statistical analysis of SRM data by SRMstats

SRMstats

Protein significance analysis in SRM measurements
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Chang et al., Mol Cell Proteomics 2012. Protein significance analysis in SRM measurements



Absolute label-free quantification by SRM exploits the
linear correlation of the sum of the top transitions of the
top peptides per protein and the protein concentration
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Linear correlation established using 34 anchor proteins quantified by AQUA peptides
MS intensity: sum of 2 most intense transitions of the 3 most intense peptides per protein

Ludwig et al., MCP 2011, Estimation of absolute protein quantities of unlabeled samples by SRM



Proteome-wide absolute
abundance estimates for Mtb
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SWATH-MS: Data-independent acquisition
with targeted data extraction

-
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Gillet et al., MCP 2012, Targeted data extraction of the MS/MS spectra generated by data-independent acquisition: a new concept for consistent
and accurate proteome analysis.

Figure by Christina Ludwig
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Generation of the Mtbh SWATH library
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SWATH-MS allows reproducible, high proteome
coverage measurements of Mtb in a single run

SWATH-MS SRM
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Jia,

Skyline

Summary

The Mtb Proteome Library is a public resource of SRM assays for the entire
proteome of Mtb

— SRM assays generated from crude synthetic peptides and validated in whole cell lysates
— Data analysis with Skyline and supporting tools: iRT peptides, SRMCollider, mProphet, SRMstats
— Data can be browsed on and downloaded from www.SRMAtlas.org, www.PeptideAtlas.org/passel

Application of the Mtb Proteome Library to study the dynamics of the DosR
regulon of Mtb under hypoxia

Absolute label-free quantification by SRM exploits the linear correlation of the sum
of the top transitions of the top peptides per protein and its absolute concentration.

Expansion of the Mtb Proteome Library for use with SWATH-MS

SWATH-MS allows reproducible, high proteome coverage measurements of Mtb in
a single run
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