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High Throughput MS Proteomics

What we consider high-throughput in MS Proteomics?

Å the analysis of 

Å N samples

Å N x M MS acquisitions

Å N x M x K spectra

Å to select

Å P statistical significant and biological relevant proteins in D days 

N=1..100,  M=10..100, K=1000..10000, P=1..100, D=1..10

Who needs it?

Å Applications such as protein biomarker discovery

The (bio-)informatics challenges include:

Å track experiments and experimental steps

Å organize and summarize large amounts of data

Å develop high-throughput spectral and proteomic analysis algorithms

Å automate execution of proteomic analysis workflows
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Informatics for HT MS Proteomics

Our goal

Å Create a data management and analytical processing platform to support 
the production and discovery work in a HT proteomics laboratory 
(focusing on biomarker discovery)

Solution properties

ÅModular framework of interoperable components ïan SOA approach!

Å ñHub-and-spokeò model for application interoperation (with a common db 
as the hub)

Å Ensure scalability using commercial dbms & workflow mgmt technology

Å End-to-end data lifecycle support

Contributions

Å A reference architecture of a system for acquisition, management, 
analysis and interpretation of MS proteomics data

Å Novel methods for protein assignment, peptide quantitation and 
differential protein expression analysis. 
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Outline

Proteomics 101 

Proteomics data lifecycle

Biomarker discovery case study

Proteomics analysis workflows and methods

Information management and bioinformatics platform

Closing comments
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Proteomics 101

Qualitative (identification) proteomics

Åmeasure / enumerate the proteins that are present in a sample

Quantitative (expression) proteomics

Åmeasure/compare the abundance of proteins in a/2+ sample/(s)

Applications

Åbiological research

Ådrug discovery and development

Åclinical diagnostics

Fusion of  multiple disciplines

Åchemistry, biology, pharmacology, informatics

Dominant measurement technology 

Åmass spectrometry
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Proteomics 102
from samples to measurements to data

biological sample

protein mixture

peptide mixture

Time (min) 220

TIC

#1  MS/MS 599.2

#2  MS/MS 688.7

#3  MS/MS 898.3

MS: m/z 400-1400
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peptide/protein
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results
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Protein identification and quantitation

Identification

Å use MSMS spectra find which 

proteins are in the sample

Quantitation

Å use MS spectra to compute 

protein abundance

MSMS

peptide score
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CVAAGAAGR 21.45

VGGACAAAR 11.38
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Sequence

Database
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Outline

Proteomics 101 

Proteomics data lifecycle

Biomarker discovery case study

Proteomics analysis workflows and methods

Information management and bioinformatics platform

Closing comments
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Scientific Data Lifecycle

Design

Studies

Share

Organize

Analyze

Visualize

Collect

Data

In a High Throughput setting

Few protocols, many runs

Custom platforms
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Proteomics Laboratory Data Lifecycle

Design

Studies

Share
Organize
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Visualize
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Data

Experiments DM

Data Viewers

Data 
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Outline

Proteomics 101 

Proteomics data lifecycle

Biomarker discovery case study

Proteomics analysis workflows and methods

Information management and bioinformatics platform

Closing comments
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Case Study
Drug -induced markers of nephrotoxicity in rat urine

Triple
Day 2 Day 17 Day 29

Ctrl Trmt Ctrl Trmt Ctrl Trmt

1 1 2 1 2 1 2

2 1 2 1 2 1 2

3 1 2 1 2 1 2

4 1 2 1 2 1 2

5 1 2 1 2 1 2

Blocking
Å Animals are divided in batches of 6 (2 x (1 Control +2 Treated))

Å 15 samples from the same treatment day are run as blocks

Å Samples from the same triple are always run back-to-back

Randomization
Å Randomized the order in which the 3 time points are processed

Å Randomized the order of triples within each day

Å Randomized the order of animals within each batch and day

Control

N=5 animals 

Treatment

N=10 animals

Proteome Reactor Digest

LC MS/MS Acquisitions  

Bioinformatics Analysis

Day 2

Day 17

Day 29

study design

animal clinical test data

animal pathology data

specimen parameters 

are captured in 

SATS LIMS
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Outline

Proteomics 101 

Proteomics data lifecycle

Biomarker discovery case study

Proteomics analysis workflows and methods

Information management and bioinformatics platform

Closing comments
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Proteomics Data Processing Workflows

MS/MS

Signal

Peptide

Protein IDs

Identification
workflow

MS

Database

Quantitation
workflow

Differential

Quantitation
Protein

Identification

MS Signal

Quant. Peaks

Diff. Peptides

Data

Extraction

.WIFF

.RAW

Sequence

Database
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Differential Analysis Workflow Details

MS Peak 

Extraction

Spectral

Analysis

Chromatographic

Profiling

Chromatographic

Alignment

Comparison &

Peak Matching

Raw Data 

Matched Peaks

MS/MS Peak

Extraction

Peptide/Protein

identification

Peptide/Protein 

Hits

MS

Database

Profile 

Matrix

Statistical 

Analysis

Biological

interpretation
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Protein Assignment

Workflow steps: extract MSMS ĄMascot peptide ID Ą load to MSdb 

Goal: Identify minimal set of proteins that best explains the peptide 

evidence

ÅPull peptides from multiple acquisitions

Protein1

Protein2 Protein3

Peptide1 Peptide2

Peptide3

Peptide4

Subset Cluster 1

Subset Cluster 2

Shared Cluster

Acquisition 1

Acquisition 2

Acquisition 3
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Differential Quantitation

MS Peak 

Extraction

Spectral

Analysis

Chromatographic

Profiling

Chromatographic

Alignment

Comparison &

Peak Matching

Raw Data 

Matched Peaks
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Differential Quantitation

MS Peak 

Extraction

Spectral

Analysis

Chromatographic

Profiling

Chromatographic

Alignment

Comparison &

Peak Matching

Raw Data 

Matched Peaks

Determine monoisotopic mass & charge state

for each Isotopic Cluster (based on THRASH)

[M + 2H] 2+

614 615 616 617 618 619 620

m/z

[M + 3H] 3+

[M + 2H] 2+

Output: quantitated monoisotopic peaks
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Differential Quantitation

MS Peak 

Extraction

Spectral

Analysis

Chromatographic

Profiling

Chromatographic

Alignment

Comparison &

Peak Matching

Raw Data 

Matched Peaks

1. Group peaks at different charge states for same mass

2. Group peaks from multiple consecutive scans to form peptides
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1047.73

Scan 1

[1045.73(1+) ï1] = 1044.73[523.32(2+) x 2] ï2 = 1044.64

LC-MS Analysis Time

Chrom Peak

Monoisotopic Peaks
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Differential Quantitation

MS Peak 

Extraction

Spectral

Analysis

Chromatographic

Profiling

Chromatographic

Alignment

Comparison &

Peak Matching

Raw Data 

Matched Peaks

~11 min. ~1.5 min.

Column chromatography can vary significantly
between back - to - back runs

Shift is non - linear

Correct for variations in 

chromatography

(pairwise alignment of 

random pairs within a batch)
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Differential Quantitation

MS Peak 

Extraction

Spectral

Analysis

Chromatographic

Profiling

Chromatographic

Alignment

Comparison &

Peak Matching

Raw Data 

Matched Peaks

1. If available assign peptide sequence to putative peptide peaks 

based on mass & time proximity

2. match peaks across multiple (aligned) pairs in a batch

Å matching is complicated

Å Noise

Å Sample complexity (co-eluting peptides)

Å Drifts in chromatography

Å Matching criteria

Å Mass & time proximity

Å Charge composition

Å Sequence if available
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Differential Quantitation

MS Peak 

Extraction

Spectral

Analysis

Chromatographic

Profiling

Chromatographic

Alignment

Comparison &

Peak Matching

Raw Data 

Matched Peaks

S1 Si Sn

M1

Mj

Cij= {é,Massij, Timeij , 

Intensityij, Sequenceij,é }

Mm

Mj = peptide

Si = sample or acquisition 

Cij = detection (or absence) of peptide Mj in sample Si

Matched peaks become rows of the Profile Matrix
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Day 2 Day 17 Day 29

Ctrl PAN Ctrl PAN Ctrl PAN

1 2 1 2 1 2

1 2 1 2 1 2

1 2 1 2 1 2

1 2 1 2 1 2

1 2 1 2 1 2

Day 2 Day 17 Day 29

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 45

C1 P1 P2 C2 P3 P4 C3 P5 P6 C4 P7 P8 C5 P9 P10 C6 P11 P30

P1 p1 i11 i12 i145

P1 p2 i22

PK pN iN1 iN45

p
e
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e

p
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te
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Profile Matrix of Case Study
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Case Study in Numbers

Total
Mean per 

batch

Mean per 

sample

Isotopic Clusters (Monoisotopic peaks) 17,783,082 1,185,539 404,161

Molecular Species (Peptides) 161,939 10,796 3,680

Putative Peptides grouped within Batches (3) 100,623 6,708 N/A

Putative Peptides grouped across Batches (4) 22,349 N/A N/A

Data points generated in the case study after MS peak extraction.

Quantitation

Profile matrix rows, total 22,349

Rows passing reproducibility filter 2,035

Reproducible rows linked to high-confidence sequences 661

Identification

High-confidence sequences, total 1,264

Clusters (proteins), total 345

Clusters linked to reproducible rows 216

Data matrix statistics after quantitation and intentification data integration



DILS 2007 Thodoros Topaloglou 26

Biological Interpretation

MS Peak 

Extraction

Spectral

Analysis

Chromatographic

Profiling

Chromatographic

Alignment

Comparison &

Peak Matching

Raw Data 

Matched Peaks

MS/MS Peak

Extraction

Peptide/Protein

identification

Peptide Hits

MS

Database

Profile 

Matrix

Statistical 

Analysis

Biological

interpretation

AIDA


