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Question 1

2

Why is MS-based proteomics not inherently quantitative? 

□ There are losses of peptides during analysis and differences in the 

ionization efficiency of peptides 

□ The intensity of a peak in a mass spectrum is not a good indicator of the 

amount of the analyte in the sample, although differences in peak intensity of 

the same analyte between multiple samples accurately reflect relative 

differences in its abundance 

□ Detection efficiencies for ions with different m/z values are unequal 

□ The relationship between the amount of analyte present and measured 

signal intensity is complex and incompletely understood



Different molecules = different ionization 
efficiency
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• Peptides are no different. 

Ionization efficiency across 

different peptides are different

• For example: in the diagram to the 

right, two different peptides were 

injected into the mass 

spectrometer at equal molar ratios

• But: one peak is clearly more 

intense than the other even if the 

molar ratio is known to be the 

same. This is due to difference 

in ionization efficiency

• This also mean that we cannot 

simply compare peak intensity 

across different species to 

quantify samples. However, same 

peaks across different samples 

can reflect relative differences in 

abundance
Chakraborty, D. et al. Chem. Commun., 2012, 48, 1514–1516



Loss of peptide in liquid chromatography
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• When you separate a sample 

with a column, you loose some 

of the sample. The extent to 

the loss is again dependent on 

different molecules

• In DDA, we also only select the 

top 10 most abundant ions and 

fragment those ions only. We 

do not analyze everything



Detection efficiencies for ions with 
different m/z values are unequal 
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• MS is better at detecting m/z of ions within a given mass to charge range than 

others

• Answer: all of the above!

Swaney, D. L. et al. J. Proteome Res (2010)



Question 2

What technique(s) can provide comparison of each 

individual peptide between experiments/samples? 

□ Label-free techniques 

□ SILAC 

□ Isobaric labelling 

□ MS gives directly the concentrations of analytes, which 

can be compared between the samples
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Label free quantification (LFQ)
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SILAC: a metabolic labelling technique

8



Isobaric labelling: Tandem Mass Tags

9
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Question 3

What does the spectral counting approach compare in 

different analyzed samples? 

□ The number of all spectra associated with a specific 

protein 

□ The sum of all precursor intensities of peptides 

associated with a specific protein 

□ The precursor intensities of the 3 most intense detected 

peptides 

□ The count of observed peptides versus all possible 

peptides
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Spectra Counting – Ch. 4, Slide 7
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Question 4

What are some advantages of the label-based techniques? 

□ As the labeling occurs during sample preparation, 

quantitative artifacts are minimized 

□ The techniques are usually very cheap 

□ Multiplexing of samples is possible 

□ They can be performed at protein or peptide level

13



Question 4

What are some advantages of the label-based techniques? 

□ As the labeling occurs during sample preparation, 

quantitative artifacts are minimized 

□ The techniques are usually very cheap (No, very 

expensive) 

□ Multiplexing of samples is possible (example: 

combination of different isotopes + mixing into one sample)

□ They can be performed at protein or peptide level 

(example: SILAC: protein level, TMT: peptide level)
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Question 5

What does SILAC stand for? 

□ Selective In-vivo Labeling After Chemical reaction 

□ Nothing in particular 

□ Static Isoforms Labels for Affinity Capture 

□ Stable Isotope Labeling with Amino Acids in Cell Culture

15

Answer:

Stable Isotope Labeling with Amino Acids in Cell Culture



Question 6

At what MS level does SILAC quantification occur? 

□ MS1

□ MS2

□ MS3

□ MSn

16



SILAC quantification happens at the MS1 Level

17
Welle, K. et al. Molecular & Cellular Proteomics 15(12), 2016



Question 7

At what MS level does TMT or ITRAQ quantification occur? 

□ MS1

□ MS2

□ MS3

□ MSn

18



TMT and iTRAQ quantification happens at the 
MS2 Level

19

• A cool of example to show how TMT 

and SILAC can complement each 

other

• We add in SILAC labels to the cells 

producing protein, then we collect 

protein samples at given time points

• Longer exposure to SILAC labels = 

more population of proteins labelled 

by SILAC (By MS1)

• Then you digest these into peptides, 

label with TMT, fragment, count the 

relative abundance of tags

• We see that the tag becomes less 

abundant over time for the light 

species, but increases for the 

heavier SILAC labelled species, 

suggesting an increase in SILAC 

labelled protein as time of exposure 

to SILAC probe increases



Question 8

How is it possible to compare the liver proteome of two mice? 

□ Using in-vivo SILAC 

□ Using SILAC 

□ Using isobaric labeling 

□ Using a label-free approach

20



In-vivo SILAC: comparison of mice proteome

21



You can also first extract proteins from tissue 
sample, then perform LFQ or TMT

22



Question 9

In general, how many generations of animals are needed at 

least to completely label all organs in a SILAC mouse? 

□ 1 

□ 2 

□ 10 

□ 5

23



SILAC mice: complete organ labelling

• 2 generations of mice required for the 

complete labelling of all organs

24



Question 10

What amino acids are generally available to perform a SILAC 

experiment? 

□ Lysine and arginine 

□ Glycine and Leucine 

□ Lysine and proline 

□ Leucine and isoleucine

25



Most commonly used amino acids for 
SILAC labelling are Arg and Lys
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Question 11

What is called a super-SILAC mix? 

□ A mixture of samples labelled with TMT 

□ A mixture of cell lines labelled by SILAC 

□ A mixture of nonlabeled healthy tissues

27



Super SILAC mix: superior internal standard

• The use of a single cell line as an internal standard is often not good enough for 

relative quantification since different cell lines of similar functions can express 

different proteins to a different level

• Super SILAC mix: a mixture of SILAC labelled cell lines (multiple) as an internal 

standard. That way, you can compare the expression level of proteins of your 

sample of interest versus the average between multiple cell lines.

28
Geiger, T. et al. Nature Methods volume 7, 2010



Question 12

What multiplexing capabilities are available with TMT? 

□ 2-plex 

□ 4-plex 

□ 6-plex 

□ 10-plex
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Multiplex systems with tandem mass tags

30

• 2 plex is also possible as mentioned in the lecture

• It is also possible to do a 16-plex with current technology known as TMT Pro



Question 13

What amino acid(s) is/are labeled with TMT or iTRAQ? 

□ Lysine 

□ Arginine 

□ N-terminus 

□ Cysteine

31



Labelling mechanism: tandem mass tags

32

Amino acid/ peptide/ protein

Mass Tag

Amino acid/ peptide/ 

protein labelled at the N 

terminal



Question 14

At what level is TMT or iTRAQ labeling generally performed? 

□ Amino acid level 

□ Peptide level 

□ Protein level 

□ Cell culture level

33



TMT and iTRAQ are often done at the 
peptide level

34

+ digest



Question 15

In order to decipher subtle changes in phosphorylation 

regulation in two cell lines, what quantitative approach(es) 

would you recommend? 

□ SILAC 

□ In-vivo SILAC 

□ Isobaric labeling 

□ Spectral counting

35



Quantification of subtle protein changes

• Spectra counting: not accurate

• In vivo SILAC: we do not need full labelling of mice… 

• Isobaric labelling, SILAC: good accuracy

36



Question 16

What mass spectrometer is commonly used for targeted 

protein quantification with stable isotope dilution? 

□ FT-ICR 

□ QqQ

□ Ion trap 

□ MADLI-TOF

37



Stable isotope dilution with QqQ – SRM 
or MRM modes

38Russo, P. et al. Molecular Profiling. 2017



Question 17

How are peptides selected for their use as heavy AQUA 

standards? 

□ They need to be proteotypic

□ They need to contain more than 25 amino acids 

□ They need to be heavily modified post-translationally 

□ They need to fragment efficiently

39



Absolute quantification peptides: AQUA

40

• An AQUA™ Peptide is simply a synthetic 

tryptic peptide corresponding to a peptide of 

interest. Each AQUA™ peptide incorporates 

one stable isotope labeled amino acid, 

creating a slight increase (6-10 daltons) in 

molecular weight

• Must be proteotypic.

• Definition of proteotypic: a peptide sequence 

that is found in only a single known protein 

and therefore serves to identify that protein

• So AQUA probes must be a peptide which is a 

heavier version (isotopically) of a peptide 

which is part of your protein of interest.



Question 18

What does PSAQ stand for? 

□ Protein Standard Absolute Quantification 

□ Protein for Stable Accurate Quantification 

□ Peptide Standard for Absolute Quantification 

□ None of these

41



PSAQ: Protein standard absolute
quantification

42



Question 19

How is abbreviated multiple selected reaction monitoring? 

□ SRM 

□ MRM 

□ mSRM

□ MSM

43

Answer: MRM or mSRM



Question 20

What type of mass spectrometer is used for parallel reaction 

monitoring? 

□ QqQ

□ FT-ICR 

□ Orbitrap 

□ Ion trap

44



PRM: Parallel Reaction Monitoring

45

• We use a q-OrbitTrap instrument



Question 21

What does PRM required for its development? 

□ Selection of transitions 

□ Optimization of collision energies 

□ Selection of peptides to be used as heavy standards 

□ An LC system

46



Parallel Reaction Monitoring (PRM) 
development

47



Question 22 (Chapter 5 Q1)

What is UniprotKB? 

□ A DNA database 

□ A search engine 

□ A database of functional information on proteins with 

accurate, consistent and rich annotation 

□ A TV program about proteins on the Discovery Channel

48



UniprotKB is a database of functional 
information on proteins

49



Question 23

What is a protein FASTA file? 

□ A file containing the DNA sequences coding for specific 

proteins 

□ A file containing protein sequences 

□ A result of protein identifications 

□ All functional information available in UniprotKB

50



Protein FASTA files contain protein 
sequences

51



Question 24

Is all spectral information used for database search? 

□ Yes, directly from the raw spectral files 

□ No, raw spectral files are converted into filtered peak lists 

□ No, the user defines which spectra he wants to keep for 

database search 

□ None of these

52



For database search, raw spectra are 
first converted into filtered peak lists

53



Question 25

What entries are necessary for an MS/MS ion search? 

□ A protein database 

□ A file containing tandem mass spectra as a peak list 

□ A chromatographic elution order file 

□ A mass spectrometry method file

54



To perform MS/MS ion search, you need a protein 
database and a tandem mass spectra peak list

55



Question 26

What parameters are usually indicated for the search? 

□ The used enzyme 

□ The mass tolerances for MS and MS/MS levels 

□ The fixed and variable amino acid modifications 

□ The type of chromatography used

56



What paramaters are indicated for the search?

57

• The used enzyme

• The mass tolerances for 

MS and MS/MS levels 

• The fixed and variable 

amino acid modifications



Question 27

What would be the effect to specify too stringent mass 

tolerances?

58



Higher mass tolerance means less 
discrimination

59

• Remember that we are matching our peptides or MS/MS spectra to a large 

database of many proteins

• If we increase the mass tolerance, it means that our peptide can potentially 

match with more peptides in the database with the larger range of potential 

masses (Peptide mass fingerprinting)

• This leads to many more potential matches and will lead to a lowering of 

scoring of the match target on MASCOT due to the increasing probability that 

this peptide can also match to other potential proteins in our database

• If we decrease the mass tolerance, we are increasing the discrimination, 

meaning there are less peptides from the database which can fall within this 

mass error range, leading to more “accurate” matching

• However, one problem with this is if our mass spectrometer is not 100% 

accurate, and some peptides detected are off slightly in terms of m/z, then we 

miss out on them. Again, leading to a significant decrease in the overall 

protein match score



Question 28

Explain the principle of estimating FDR with the target-decoy 

method?
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The target-decoy method and FDR

61

• Step 1: Concatenate a real protein database and a decoy protein database

• The decoy protein database can be generated by many different ways. One 

possibility being inverting the reading of all proteins (read from right to left), 

generating a “false-hit” database

• Step 2: Search your peptides against this concatenated database



The target-decoy method and FDR
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• Anything that matches to the decoy database are considered false hits

• With a properly generated decoy, false identifications distribute evenly on the 

target and decoy. Decoy hits = false hits

• Therefore, false discovery rate FDR = (#decoy hits/ #target hits)



Question 29

What is the characteristics of the following quantitative 

measurement? 

63



Precision versus accuracy
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• Precision: a measurement is precise if you are able to get similar values 

across multiple replicates

• Accuracy: a measurement is accurate if you are able to get data very 

close to the true value of the analyte



Question 29

What is the characteristics of the following quantitative 

measurement? 
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Question 30

What is the characteristics of the following quantitative 

measurement? 
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Question 31

What is often abbreviated as FC? 

□ Quantitative fold change 

□ False change 

□ Free count 

□ Free cells

67

Answer: quantitative fold change



Question 32

What is commonly used to express FC? 

□ Log2

□ Log10

□ 10n

68

Answer: log2



Question 33

What does CV stand for? 

□ Coefficient of variation 

□ Coefficient of variability 

□ Change of variance 

□ None of those

69

Answer: coefficient of variation


