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Advantages 
• high resolution 
• easy to use 

• compatible with 
Immunprecipitations 

Disadvantages 
• low recovery of 

peptides 
• coomassie stainable 

band recommended 
• not compatible with all 

staining methods
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Staining 
method

Detection 
limit

Molar amounts

Coomassie ~50 ng
5 pmol (10 kDa Protein)
1 pmol (50 kDa Protein)

0.5 pmol (100 kDa Protein)

colloidal 
Coomassie 10-20 ng

1 pmol (10 kDa Protein)
0.2 pmol (50 kDa Protein)
0.1 pmol (100 kDa Protein)

Silver Stain 1-5 ng
100 fmol (10 kDa Protein)
20 fmol (50 kDa Protein)
10 fmol (100 kDa Protein)
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method proteins identified

in-gel digest 6

elution with 8M Urea
in-solution digest

58

high pH elution 
in-solution digest 189
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Alternatives to the gel 
digest
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mass spectrometryAlternatives to the in-gel digest

• in solution digest 
+fast 
+sensitive 
- no protease inhibitors 
- no detergents 
• filter associated digest (FASP) 
+can deal with detergents and protease inhibitors 
- many lengthy wash steps 
- rather significant losses
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Gel slice

wash digest reduction alkylation

in solution

FASP
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What can go wrong...
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Proteins Peptides Capture MS

•Protease Inhibitors
•Polymers
•Detergents

Digest C18 cartridge RP chromatography
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strong polymer
contamination

partial digest 
protease inhibitor 
contaminations
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• Gloves, no touching! 
• NO detergents if possible 
• NO protease inhibitors 
• small volumes
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Quantitative Proteomics
SILAC etc.
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YLYEIAR VPQVSTPTLVEVSR

Quantification by intensity not directly possible
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IGGIGTVPVGR

+ 1 neutron

+ 2 neutrons

+ 3 neutrons
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Carbon

Nitrogen

Hydrogen

0 25 50 75 100

12C

14N

1H

13C

15N
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Deuterium

15N

13CLysine

Arginine

light, Lys0 medium, Lys4 heavy, Lys8

heavy, Arg10light, Arg0 medium, Arg6
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start cultures

Labeling

Harvest

Combining

m/z

In
te

ns
ity
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peptide contains 1 lysine0 peptide contains 1 lysine8
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peptide contains 1 lysine0 peptide contains 1 lysine8

8 Da
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Comparison of two 
different  
cell populations or tissues
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75% 92% 98%

Switch to SILAC 
amino acids
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∆Blm10 vs. Ctrl

log2-fold change

In
te
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ity

TTP1_YEAST

HSP26_YEAST

HSP31_YEAST;Q6Q581_YEAST

GYS1_YEAST

ABC1_YEAST

CATT_YEAST

SOL4_YEAST

VID28_YEAST

SSM4_YEAST

OM45_YEAST

G3P1_YEAST

INO1_YEAST

YJ81_YEAST

CPYI_YEAST

SEC72_YEAST

TSL1_YEAST

MSC1_YEAST

YGP1_YEAST

UIP4_YEAST

PHSG_YEAST



m/z

MDC

mass spectrometryUsage:

• Quantification of relative protein concentrations 
• large-scale experiments  
• proteome analysis
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OK

OK, but….

Probably not..
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Dimethylation
chemical modification of peptides
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0 Da (28 Da)

4 Da (32 Da)

8 Da (36 Da)



m/z

MDC

mass spectrometryIsotope douplette in a dimetylation experiment



m/z

MDC

mass spectrometryDimethylation

Harvest 
and 

protein extraction

Peptide
digest

dimethylation 
reaction MS analysis
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SILAC Dimethylation

Introduction of the label metabolic chemical reaction

Variations introduced by sample 
preparation low high

material need low high
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TMT and relatives
chemical modification of peptides
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TMT iTraq
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SILAC/DML

TMT

MS2

MS t

t

TMT

MS2

MS m/z

m/z
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SILAC/
Dimethylation

TMT

Quantification MS MS2 or MS3

Quantification events many
at least 16 one per MS2

Complexity of the spectra double or triple always single

max multiplexing 3 10 or 18
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SILAC-IP
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IP 
Con

dit
ion

 1

IP 
Con

dit
ion

 2

• High background IPs
• Interactions are transient
• many interactions detected
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control wt mutant

Bait

Bait

Bait

Bait

Bait

Bait

m/z

In
te
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ity
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13C6
15N4-Arg

13C6
15N4-Arg

12C6
14N4-Arg

12C6
14N4-Arg

12C6
14N2-Lys

13C6
15N2-Lys

AVDIPHMDIEALK 
(Ribosomal protein L10a)

QLHMQLYPGWSAR 
(T-cell specific transcription factor 4)

12C6
14N4-Arg

13C6
15N4-Arg

NLALCPANHAPLR 
(β-catenin)

QLHMQLYPGWSAR 
(T-cell specific transcription factor 4) 

Crossover experiment

Selbach and Mann, Nature Methods, 2006
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Label free quantification 
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mass spectrometryLabel free quantification methods

needs 
standard effort accuracy

spectral 
counting - low low

PAI/emPAI - low mid

LFQ 
MaxQuant - mid mid

iBAQ + high better than 
mid
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Interactor mapping using 
label-free proteomics
repeats are your friends
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Intensity comparison based on the top 5 
peptides
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48 human proteins has been formulated into a 
dynamic range of concentrations, ranging from 
500 amoles to 50 pmoles
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courtesy of M. Selbach
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courtesy of M. Selbach
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Other applications of 
mass-spec based 
proteomics
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PICS
proteomic identification of protease cleavage sites
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Two steps 

1. library generation 
2. identification of specific cleavage products

Schilling, O., and Overall, C.M. (2008).
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TAILS
The identification of protease cleavage sites
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Proteome

N-terminal
Dimethyl light
Dimethyl heavy

Digest with protease

Dimethyl labelling

tryptic digest

capture of free N-termini
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Preferred peptide 
signatures of the 
proteasome
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Post-translational 
modifications
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Common post-translational modifications

• Protein N-acetylation 
• Phosphorylation (Serine/Threonine/Tyrosine) 
• Ubiquitination 

• currently 949 different PTMs listed in data bases1 

1as of:15.08.2012
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Peptide coverage is 
essential….
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Peptides mapped to the protein sequence  
(sequence coverage)

MESADFYEAEPRPPMSSHLQSPPHAPSNAAFGFPRGAGPAPPPAPPAAPEPLGGICEHETSIDISAYIDPAAFNDEFLADLFQHSRQQEKAKAAAGPAGGGGDFDYPGAPAGPGGAVMSAGAHGPPPGYGCAAAGYLDGRLEPLYERVGAPALRPLVIKQEPREEDEAKQLALAGLFPYQPPPPPPPPHPHASPAHLAAPHLQFQIAHCGQTTMHLQPGHPTPPPTPVPSPHPAPAMGAAGLPGPGGSLKGLAGPHPDLRTGGGGGGGAGAGKAKKSVDKNSNEYRVRRERNNIAVRKSRDKAKQRNVETQQKVLELTSDNDRLRKRVEQLSRELDTLRGIFRQLPESSLVKAMGNCA

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350

AAAGPAGGGGDFDYPGAPAGPGGAVMSAGAHGPPPGYGCAAAGYLDGR ERNNIAVR

ERNNIAVRK

ESADFYEAEPRPPMSSHLQSPPHAPSNAAFGFPR GIFRQLPESSLVKGLAGPHPDLR

LEPLYERMESADFYEAEPR

MESADFYEAEPRPPMSSHLQSPPHAPSNAAFGFPR

NVETQQKVLELTSDNDRPAAFNDEFLADLFQHSR PLVIKQEPREEDEAK

QEPREEDEAK QLPESSLVK

RVEQLSR

RVEQLSRELDTLR

VGAPALRPLVIK

VLELTSDNDR

VLELTSDNDRLR

P PX
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Detection of the PTM 
in the MS spectra
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• detection as mass shifts on amino acids 
• +144 Da on lysines for ubiquitin 
• +80 Da for phosphorylations 
• +14 Da for methylations
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VEPVFETLDSCKGPR

∆=115 → D
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∆=69 → S - 18 (neutral loss)

VEPVFETLDSCKGPR
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∆=160 → C + 57 (alkylation)

VEPVFETLDSCKGPR



What is so difficult? 
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Neutral losses and 
other MS effects
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Protein ~50 tryptic peptides

other Peptides49

modified Peptide

1

not phosphorylated90%

phosphorylated

10%

without neutral loss
50%

neutral loss

50%

100 pmol

2 pmol

100 fmol

50 fmol
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• Phosphotyrosine  
• IP on peptides using an α-pTyr antibody 
• Phospho-Serine and Threonine 
• Titanoxide-column  
• works on proteomic level 

• Protein-specific peptide antibodies
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Quantifying branched 
Ubiquitin



Ubiquitin chains
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Ubiquitination sites in ubiquitin

MQIFVKTLTGKTITLEVEPSDTIENVKAK
IQDKEGIPPDQQRLIFAGKQLEDGRTLSD
YNIQKESTLHLVLRLRGG

TLTGKTITLEVEPSDTIENVK

TLSDYNIQKESTLHLVL

MQIFVKTLTGKTITLEVEPSDTIENVKAK
LIFAGKQLEDGRIQDKEGIPPDQQRAKIQDK

Ub Ubiquitinated peptide
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SRM measurement for Ub quantification
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Quantification of Ub-chains
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