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Question 1

Why is MS-based proteomics not inherently quantitative?

0 There are losses of peptides during analysis and differences in the
lonization efficiency of peptides

0 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

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

o The relationship between the amount of analyte present and measured
signal intensity is complex and incompletely understood
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Loss of peptide In liguid chromatography

Mobile phase

Degasser

Pump

Auto-sampler

Columnj « 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

Identification

Quantification

Pathway analysis

Detector Data processing



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

MS is better at detecting m/z of ions within a given mass to charge range than
others

 Answer: all of the above!
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Question 2

What technique(s) can provide comparison of each
iIndividual peptide between experiments/samples?

0 Label-free techniques

o SILAC

o Isobaric labelling

0 MS gives directly the concentrations of analytes, which
can be compared between the samples



Label free quantification (LFQ)

Quantification based on Quantification based on
spectral counting and peptide-ion intensity (MS)
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SILAC: a metabolic labelling technique
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Isobaric labelling: Tandem Mass Tags
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Question 2

What technique(s) can provide comparison of each
iIndividual peptide between experiments/samples?

0 Label-free techniques

o SILAC

o Isobaric labelling

0 MS gives directly the concentrations of analytes, which
can be compared between the samples
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Question 3

What does the spectral counting approach compare in
different analyzed samples?

0 The number of all spectra associated with a specific
protein

0 The sum of all precursor intensities of peptides
associated with a specific protein

0 The precursor intensities of the 3 most intense detected
peptides

0 The count of observed peptides versus all possible
peptides



Spectra Counting — Ch. 4, Slide 7

spectral counting: quantification based on spectral counting
and concomitant identification (MS/MS)

S p e Ct Fum coun t | N g dynamic range with spectral counting: 3 orders of magnitude

Total spectra

This method uses the sum of all the spectra associated with a specific protein within a sample which includes also
those spectra that are shared with other proteins and is referred to as the Total Spectrum Count
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Question 4

What are some advantages of the label-based techniques?

0 As the labeling occurs during sample preparation,
guantitative artifacts are minimized

0 The techniques are usually very cheap

o Multiplexing of samples is possible

0 They can be performed at protein or peptide level



Question 4

What are some advantages of the label-based techniques?

0 As the labeling occurs during sample preparation,
guantitative artifacts are minimized

0 The techniques are usually very cheap (No, very
expensive)

o Multiplexing of samples is possible (example:
combination of different isotopes + mixing into one sample)

0 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?

0 Selective In-vivo Labeling After Chemical reaction
0 Nothing in particular

0 Static Isoforms Labels for Affinity Capture
0 Stable Isotope Labeling with Amino Acids in Cell Culture

Answer:
Stable Isotope Labeling with Amino Acids in Cell Culture
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Question 6

At what MS level does SILAC quantification occur?

0o MS1
0 MS?
0o MS3
o MSn



SILAC quantification happens at the MS* Level

A Dynamic SILAC
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Welle, K. et al. Molecular & Cellular Proteomics 15(12), 2016
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Question 7

At what MS level does TMT or ITRAQ gquantification occur?

0o MS1
0 MS?
0 MS3
o MSn



TMT and ITRAQ quantification happens at the

MS? Level

time-course | unlabeled

+SILAC label S

B " 0o %o 0o %o
population 693 683 8 0383
to t1 3
+TMT126 +TMT127 +TMT128 +TMT129
MS1
8 ™8
I I
v v
MS2
m/z ‘ m/z
TMT-126
- TMT-129
TMT-128 =

. TMT-129

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
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Question 8

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

0 Using in-vivo SILAC

0 Using SILAC

0 Using isobaric labeling

0 Using a label-free approach



In-vivo SILAC: comparison of mice proteome
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You can also first extract proteins from tissue
sample, then perform LFQ or TMT
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LC - MS/MS I
! ! Data analysis

*Identification and Site Localization Scoring
*Quantification and Ranking
*Pathway Enrichment

Phosphoproteomics Proteomics
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Question 9

In general, how many generations of animals are needed at
least to completely label all organs in a SILAC mouse?

01
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05



SILAC mice: complete organ labelling

-2 - N N
o [$)] o (&)

% proteins in bin

(4]

0

% proteins in bin
N w P (4] ()]
o o o o o

-
o

A

F1 Generation

Liver (P50)

Average of SILAC-ratios:
153 +4/-2.5

93.2% +/-2.5

50 55 60 65 70 75 80 8 90 95 100

% label

B

F2 Generation

Liver (P2)

Average SILAC ratio:
188 +/-2.7

94.8 % +/- 0.7

o
4]
o

% proteins in bin
I ) ® b=
) o ) S

N
o

o

55 60 65 70 75 80 85 90 95 100
% label

F2 Generation

Liver (P50)

Average SILAC ratio:
29.5+/-2.0

96.7 % +/- 0.2

]

55 60 65 70 75 80 85 90 95 100
% label

« 2 generations of mice required for the
complete labelling of all organs

SILAC Mouse for Quantitative Proteomics
Uncovers Kindlin-3 as an Essential Factor
for Red Blood Cell Function

Marcus Kriiger,'* Markus Moser,?? Siegfried Ussar,? Ingo Thievessen,? Christian A. Luber,! Francesca Forner,!
Sarah Schmidt,? Sara Zanivan,! Reinhard Fassler,%* and Matthias Mann'-*

Department of Proteomics and Signal Transduction

2Department of Molecular Medicine

Max-Planck-Institute for Biochemistry, 82152 Martinsried, Germany

3These authors contributed equally to this work

*Correspondence: faessler@biochem.mpg.de (R.F.), mmann@biochem.mpg.de (M.M.)

DOI 10.1016/j.cell.2008.05.033
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Question 10

What amino acids are generally available to perform a SILAC
experiment?

o Lysine and arginine

o Glycine and Leucine

o Lysine and proline

o Leucine and isoleucine



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?

o A mixture of samples labelled with TMT
0 A mixture of cell lines labelled by SILAC
0 A mixture of nonlabeled healthy tissues



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.
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Question 12

What multiplexing capabilities are available with TMT?

0 2-plex
0 4-plex
0 6-plex
0 10-plex



Multiplex systems with tandem mass tags

-gllelrEnNofEthlecr Popular Applications & Techniques Shop All Products Services Support

Search All v

Home - Life Sciences » Protein Biology » Protein Mass Spectrometry Analysis » Protein Quantitation Using Mass Spectrometry » Tandem Mass Tag Systems

Tandem Mass Tag (TMT) Systems

< Protein Quantitation Using Mass The Thermo Scientific Tandem Mass Tag Reagents are designed to enable identification and quantitation of proteins in

Spectrometry different samples using tandem mass spectrometry (MS). All mass tagging reagents within a set have the same nominal

mass (i.e., are isobaric) and chemical structure composed of an amine-reactive NHS ester group, a spacer arm (mass

Tandem Mass Tag Systems normalizer), and a mass reporter (Figure 1).

o TMT Publications

The standard tandem mass tag (TMT) labeling kits and reagents enable multiplex
mmaﬁve quantitation using high-resolution MS for samples
SureQuant Targeted Mass Spec Assay Kits prepared from cells or tissues. The TMT 10plex and 11plex label reagents share

SILAC Metabolic Labeling Systems

an identical structure with TMTzero, TMTduplex, and TMT 6plex reagents but
contain different numbers and combinations of 13C and 15N isotopes in the

mass reporter.

View a list of TMT publications in peer-reviewed journals based on topic or

disease »

« 2 plexis also possible as mentioned in the lecture

ETD
| S —
Mass Mass Amine-reactive
reporter normalizer group

Figure 1. Functional regions of the TMT
reagent’s chemical structure, including
MS/MS sites of fragmentation by HCD and
ETD.

« ltis also possible to do a 16-plex with current technology known as TMT Pro
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Question 13

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

0 Lysine

0 Arginine

0 N-terminus
0 Cysteine



Labelling mechanism: tandem mass tags

A
Mass
reporter

Mass
normalizer

i
Amine-reactive
group

Amino acid/ peptide/
protein labelled at the N
terminal
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Question 14

At what level is TMT or ITRAQ labeling generally performed?

0o Amino acid level
o Peptide level
0 Protein level
0 Cell culture level
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Question 15

In order to decipher subtle changes in phosphorylation
regulation in two cell lines, what quantitative approach(es)
would you recommend?

o SILAC

0 In-vivo SILAC

0 Isobaric labeling
0 Spectral counting



Quantification of subtle protein changes

« Spectra counting: not accurate
* Invivo SILAC: we do not need full labelling of mice...
* Isobaric labelling, SILAC: good accuracy

Application

Accuracy (process)

Quantitative proteome coverage

Linear dynamic range?®

Metabolic protein labeling

Chemical protein labeling (MS)

Chemical peptide labeling (MS)

Chemical peptide labeling (MS/MS)

Enzymatic labeling (MS)

Spiked peptides

Label free (ion intensity)

Label free (spectrum counting)

Complex biochemical workflows
Comparison of 2-3 states

Cell culture systems only

Medium to complex biochemical workflows
Comparison of 2-3 states

Medium complexity biochemical workflows
Comparison of 2-3 states

Medium complexity biochemical workflows
Comparison of 2-8 states

Medium complexity biochemical workflows
Comparison of 2 states

Medium complexity biochemical workflows
Targeted analysis of few proteins

Simple biochemical workflows

Whole proteome analysis

Comparison of multiple states

Simple biochemical workflows

Whole proteome analysis

Comparison of multiple states
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Question 16

What mass spectrometer is commonly used for targeted
protein quantification with stable isotope dilution?

o FT-ICR
0 QQQ

0 lon trap
o MADLI-TOF



Stable 1sotope dilution with QgQ — SRM

or MRM modes

A. /
spike in SIS trypsin
. peptide(s) digest [

B fragmentation of selected peptide
hv : ai a2 as

/ )Z—'”f-'%’s%
Fl @
o

o] ) =

selective detection of
unique fragments

ratio chromatogram areas and solve

c detection of unique fragments reconstruct mass chromatograms
b for moles of endogenous peptide

AL R )
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peptide 2 Endogenous peptide Amount of .
. § 'l. & s‘(s"i‘;“ Peak area of Amount of
T o:u“““. o v 5 v Peak ares . Peptce - (mel)
SIS peptide e § SIS peptide of SIS Spae
10838
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Question 17

How are peptides selected for their use as heavy AQUA
standards?

0 They need to be proteotypic

0 They need to contain more than 25 amino acids

0 They need to be heavily modified post-translationally
0 They need to fragment efficiently



Absolute guantification peptides: AQUA

VPQVSTPTLVEVSR

From our AQUA™ Peptide Library,
select and order an optimal tryptic

peptide corresponding to your protein
of interest

i

Optimize your LC-MS/MS protocol to
resolve and monitor native and

corresponding AQUAm peptides

Add a known amount of AQUA™
Peptide to your biological protein
sample

Digest with trypsin

N

Analyze by LC-MS/MS. Generate
extracted ion chromatograms for
native and A('.)UA'M peptides, and
calculate the amount of native
peptide present.

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.
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Question 18

What does PSAQ stand for?

0 Protein Standard Absolute Quantification
0 Protein for Stable Accurate Quantification

0 Peptide Standard for Absolute Quantification
0 None of these



PSAQ: Protein standard absolute

guantification
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Question 19

How is abbreviated multiple selected reaction monitoring?

0o SRM
o MRM
0 MSRM
0o MSM

Answer: MRM or mSRM
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Question 20

What type of mass spectrometer is used for parallel reaction
monitoring?

0 QQQ
o FT-ICR

0 Orbitrap
o lon trap



PRM: Parallel Reaction Monitoring

* We use a g-OrbitTrap instrument

SRM/MRM collision cell
Ql q2 Q3
. S e I : 3
i'Q . . . ':.' . ;.° . o .. N . 4 5
- }0.._ @ seperation o 0 fLagmie‘nt seperation Jes L detectlc_)n l. i. LJ_. 1
| — [
PRM collision cell
Ql q2 Orbitrap
& e g e /\ 3
020_ 0 : & Sels'e : o~ i [ e
:':i:.."- e seperatgon o @ fragment seperation :\jﬁ‘; detection |f | ?
1  ——
Precursor Fragment s
ion ions 7
https://www.creative-proteomics.com l &‘
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Question 21

What does PRM required for its development?

0 Selection of transitions
o Optimization of collision energies

0 Selection of peptides to be used as heavy standards
0 An LC system



Parallel Reaction Monitoring (PRM)
development

Parallel Reaction Monitoring (PRM)

Peptide selection — Fragmentation — Fragment analysis

Proteins and " Collision
. Transitions
peptides . Energy
: selection .o
selection optimisation

Higher
Selectivity Sensitivity
Specificity
sample LC-MS method No missing
preparation Accuracy
e development values
optimisation

Method development Method characteristic

Method development time divided by 3
Simplified workflow
More confident in quantification results

Courtesy of Charlotte Macron 36
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Question 22 (Chapter 5 Q1)

What is UniprotKB?

0 A DNA database
0 A search engine

0 A database of functional information on proteins with
accurate, consistent and rich annotation

0 ATV program about proteins on the Discovery Channel



UniprotKB Is a database of functional
Information on proteins

UniProtKB

The UniProt Knowledgebase (UniProtKB) is the central hub for the collection of functional information on proteins,
with accurate, consistent and rich annotation. In addition to capturing the core data mandatory for each UniProtKB

entry (mainly, the amino acid sequence, protein name or description, taxonomic data and citation information), as
much annotation information as possible is added.

‘k Manually annotated and
reviewed.

Records with information
extracted from literature and
curator-evaluated
computational analysis.
e

TrEMBL (111,425,245)

Automatically annotated and
not reviewed.

Records that await full manual
annotation.

from the UniProt
Knowledgebase (including
isoforms) and selected UniParc

records.

Literature citations

Cross-ref. databases

A0
L

contains most of the publicly
available protein sequences in
the world.

Supporting data

Taxonomy
s

Diseases

XXX

http://www.uniprot.org/

UniRef e UniParc — Proteomes
. —
The UniProt Reference UniParc is a A proteome isﬂg 1 @)
. Clusters (UniRef) provide comprehensive and non- the set of
Swiss-Prot (557’012) clustered sets of sequences redundant database that proteins thought to be

expressed by an organism.
UniProt provides proteomes for
species with completely
sequenced genomes.

Subcellular locations

2

Keywords

kA
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Question 23

What is a protein FASTA file?

0 A file containing the DNA sequences coding for specific
proteins

0 A file containing protein sequences
0 A result of protein identifications
o All functional information available in UniprotKB



Protein FASTA files contain protein
sequences

>3p|0Q99497 | PARK7_HUMAN Protein DJ-1 05=Homo sapiens GN=PARK7 PE=1

L] §V=
m MASKRALVILAKGAEEMETVIFVDVMRRAGIKVIVAGLAGKD FVQCSRDVVICPDASLED

X a e O | e S AKFEGPYDVVVLPGCNLGAQNLSESAAVFEILEEQENRKGLIARICAGPTALLAHEIGFG
SKVTTHP LAKDKMMNGGHYTY SENRVEKDGLILTSRGPGTSFEFALAIVEALNGFEVAAQ
VEKAPLVLED
>3p|Q6UWIZ | PARM]_HUMAN Prostate androgen-regqulated mucin-like
protein 1 05=Homo sapiens GN=PARM1 PE=1 5V=1
MVYETLFALCILTAGWRVQSLPTSAPLSVSLPTNIVPPTTIUTSSPQNTDADTASPSNGT
HNNSVLPVTASAPTSLLPENISIESREEEITSPGSNUE GTNTD PSPSGFSSTSGGVHLTT
TLEEHSSGTPEAGVAATLSQSAAEPPTLISPOAPASSPSSLITSPPEVFSASVTTNHSST
VTSTOPTGAPTAPESPTEESSSDHTPTSHATAEPVPQEKTPPTTVSGKVMCELIDMETTT

In bioinformatics, FASTA format is a text-based format for representing WPLIDDS e T HTESERLIDD R
. . . . . >sp|Q9H300| PARL_HUMAN Presenilins-associated rhomboid-like
either nucleotide sequences or peptide sequences, in which provetey sicmiotiel vt s ST L ST
nucleotides or amino acids are represented using single-letter codes. oAb ol e

CLVRVPSLQRTHIRYFTSNPASKVLCS PHLLSTFSHFSLFHMAANMYVLUSFSSSIVNIL
GUEQFMAVY LS AGV I SNFVSYVGKVATGRYGPSLGASGATINTVLALVCTKIPEGRLAIIF
LPMFTFTAGNALKATTAMDTAGHT LGVKFFDHAAHL GGALFGIWYVTY GHEL TVENREPL
VKIWHEIRTHGPRKGGGSK
>sp| 095453 | PARN_HUMAN Poly(A)-specific ribonuclease PARN 03=Homo
sapiens GN=PARN PE=1 SV=1
: : : : Y - : | - : : : L ) MEIIRSNFESNLHKVYQAIEEADFFAIDGEFSGISDGPSVSALTNGFDTPEERYQKLEEH
>db|Uniqueldentifier|EntryName ProteinName 0S=OrganismName OX=OrganismIdentifier [GN=GeneName D FLLPOFGLCTFKYDYTESKY TTRS FN FTVF PR FRS S POVERVC S S TDFLASQG
» : : _ : FDFNEVFRNGIPYLNQEEEROLREQYDEKRSQANGAGALSYVSPNTSKCPVTI PED QKKF
]PE=ProteinExistence SV=SequenceVersion IDOVVEKIEDLLOSEENKNLDLEPCTGFORKL ITQTLSWKY PKGIHVETLETERKERY TV
ISKVDEEERKRRE(QKHAKEQEELNDAVGFSRY THATANSGKLY I GHNMLLDVMHTVEQF
YCPLPADLSEFKEMTTCVFPRLLDTEKLMASTQPFEDIINNTSLAELEKRLEETPFNPPEV
ESAEGFPSYDTASEQLHEAGYDAY ITGLCFISMANYLGSFLSPPRIHVSARSKLIEPFFN
KLFLMRVMDIPYLNLEGPDLQPKRDHVLHVTFPKEWKTSDLYQLFSAFGNIQISUIDDTS
AFVSLSQPEQVKIAVNTSKYAESYRIQTYAE YMGRKQEEKQ IKREVTED SVKEAD SKRLE
POCIPYTLONHVYRNNSFTAPSTVGERNLSPSQEEAGLEDGVSGEISDTELEQTD SCAEP
LSEGRFFAFKLFKRMKFELSPAGSTISKNSPATLFEVEDTW
>sp|099497 | PARK7_HUMAN Protein DJ-1 05=Homo sapiens GN=PARK?7 PE=1 %Mo ams sy (i-ciose) polpsecese 1 o5chons
— sapiens GN=PARPL PE=1 SV=4
gy=2 MAESSDELYRVEYAKSGRASCKKCSES T PRDSLRMATHV(S PMFDGRVPHVYHFSC FUKY
- GHSIRHPDVEVDGFSELRWDDQQKVEKTAEAGGVTGEGODGIGSEAEKTLGD FAAEYAKS
NRSTCKGCMEKTEKGQVRLSKEMVD PEKPQLGHIDRUYHP GCFVENREELGFRPEVSAS(Q

MASKRALVILAKGAEEMETVIPVDVMRRAGIKVTVAGLAGKD PVQCSRDVVICPDASLED LKGFSLLATEDKEALKKQL PGVKSE GKREGDEVD GVDEVAKFKSKKEKDRDSKLEFALKA

QNDLIWNIKDELKKVCSTNDLKELLIFNEQQVPSGESAILDRVADGMVFGALLPCEECSG

AFFEGPYDVVVLPGGNLGAQNLSESAAVEEILKEQENREGLIAATCAGPTALLAHEIGFG QLVFRSDATYCTGDVTANTRCAVTQTPHRKEWV T PEFRE LY LKKLKVKKUDRIFF PE

TSASVAATPPPSTASAPAAVNSSASADKPLSNMKILTLGKLSRNFDEVEANIEELGGELT

m GTANKASLCISTEKEVEKMNKKMEEVKEANIRVY SEDFLODVSASTKSLOELFLAHILSP
3 PLAKDEMMNGGHY TY SENRVEKDGLILTSRGPGTSFEFALAIVEALNGEEVAALQ LT LAY
mp L V LI{D HSAHVLEEGGKVFSATLGLVDIVKGTNSYYKLQLLEDDKENRYWIFRSWGRVGTVIGSNK
LEQMPSFKEDATEHFMKLYEEKTGNAWHSENFTEY PKEFYPLEIDYGQDEEAVEELTVNPG

TKSELPEPVQDLIKMIFDVE SMEKAMVE YEIDLOEMPLGKLSKRQIQAAYSILSEVQQAV

SQG3SDSQILDLSNRFYTLIPHD FGMKKPPLLNNAD SVQAKVEMLDNLLDIEVAYSLLRG

GSDDSSKEDPIDVNYEKLKTD IKVVDRD SEEAET IRKYVKNTHATTHNAYDLEVIDIFKIE
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Question 24

Is all spectral information used for database search?

0 Yes, directly from the raw spectral files

o0 No, raw spectral files are converted into filtered peak lists
o0 No, the user defines which spectra he wants to keep for
database search

0 None of these



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

Conversion of mass spectra into peak lists

Peak list
C . I BEGIN IONS
onverslon too TITLE=Spectrum41093 scans:49959,
PEPMASS=314,71024002909854 1093.6023 16590.0
CHARGE=2+ 1107.6099 64190.0

4 1. General Settings INSTRUMENT=Default 1108.6106 194100.0

Precursor Selection Use MS1 Precursor 107.045 814.9 ﬂ?s'g;g; iﬁggg'g
- E 110.07123 25070.0 . .

a 2 Spectrq@ Properties Filter 110 07507 891 .1 1111.6179 126700.0
Lower RT Limit 0 111.05541 3336.0 1112.6206 5077.0
Upper AT Limit 0 112.07589 3249.0 1178.5533 1390.0
First Scan ] 112.08685 868.8 END IONS
Last Sean 0 115.08643 758.8
L Ch S 0 116.07055 1225.0 BEGIN ION3
owest Lharge State 117.07008 1346.0 TITLE=Spectrum40214 scans:49000,
Highest Charge State 0 120.08083 1692.0 PEPMASS=633.4154700290985
Min. Precursor Mass 350Da 123.11691 1327.0 CHARGE=2+
Ma. Precursor Mass 5000 Da N 124.07595 938.9 Tos oo et

; 'Y 126.12762 19310.0 . .
Total Intensity Threshold 0 N 1o 15 aes 1o000 0 102.05476 2600.0
Minimum Peak Count 1 ———— N, 110.06744 2277.0
" r N 127.13026 1033.0 . .

4 3. Scan Event Filters : A 128.12878 2244.0 110.0713 54330.0
Mass Analyzer Ay i Jr 120.13458 0415.0 120.00075 1994.0
MS Order s MS2 [ /s 129.07013 812.0 wes 131 0mama 1424
Activation T A Em——— / 129.13162 5651.0 . .

ctivation Type ny 1.7 130. 14146 4147.0 126.12772 244400.0
Min. Collision Energy 0 4 131.08568 1146.0 127.12476 280500.0
Max. Colision Energy 1000 131.13841 1642.0 128.12831 13070.0
Scan Type I Full 196.0756 1564.0 1268.13437 zuisuu.u
lonization Source Any 138.03106 3231.0 iigiz;:z ﬂsgguau

} 141.10226 1699.0 . -
Polarity Mode Any 143.08368 1916.0 130.06488 1983.0

4 4 Peak Filters 145.05014 921.6 130.13487 7022.0
S/N Threshold [FT-only) 15 146.93361 915.2 i:?;g;;qf;—gg”;‘

4 5. Replacements for Unrecognized Properties 149.05997 943.9 13113818 82400.0
Unrecognized Charge Replacements Automatic igg:?ié;;sz;% 131.14351 2647.0
Unrecognized Mass Analyzer Replacements ITMS 155.0746 1289.0 136.07568 18370.0
Unrecognized M5 Order Replacements M52 156.09131 7085.0 137.07887 2764.0
Unrecognized Activation Type Replacements CID 156.11272 94zZ.8 izg’gg;;sggggéuo
Unrecognized Polarity Replacements + 158.08264 1781.0 152.10661 8178.0

158.76318 952.6
159.09698 1776.0
159.11717 1z17.0
162.06616 1309.0

156.12227 2307.0
159.09155 14260.0
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Question 25

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

0 A protein database

0 A file containing tandem mass spectra as a peak list
0 A chromatographic elution order file

0 A mass spectrometry method file



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

MATRIX

SCIENCE S

[EEEE L EI-LEEEE RN Products  Technical support  Training News Blog  Newsletter
Access Mascot Server | Database search help

Mascol database search > Access Mascot Server > MS/MS lons Search

MASCOT MS/MS lons Search

Contact

Your

Amino acid (A4)

» cRAP
SARS-CoV-2
SwissProt

UP186698_X_laevis
UP1940_C_glegans
UP2195_D_discoideum
UP219602_F_axysporum
UP2311_S_cerevisiae
UP241690_T_harzianum

-

All entries v

Trypsin v Allow up to [1 v | missed cleavages

None w |

Nene w |

- none selected — Acetyl (K)
| L ‘ Acetyl (N-term)

‘ Acetyl (Protein N-ferm)
Amidated (C-term)
Amidated (Protein C-term)
Ammonia-loss (N-term C)

Carbamidomethyl (C)

Carbamidomethyl (N-term)

‘ Carbamyl (K}

| = ‘ Carbamyl (N-term)
Carboxymethyl (C)

Display all madifications

Variable [..none selected —

Peptide tol. I

0.6 Da W

FE——2

Choose File | No file chosen

Data format | Mascot generic v |
Instrument | Default h

Decoy Report top | AUTO v | hits

Start Search ... Reset Form

MS/MS Fragmentation of VT

YTVDVTGR

Found in Q09666 in SP2017_07_Human. Neuroblast differentiation-associated protein AHNAK OS=Homo sapiens GN=AHNAK PE=1 SV=2

Mateh to Query 13429: 1180.609228 from(591.311890,2+) index(13392)
Title: Spectrum 13394 scans: 17257,
Dara file File Name: Control_Hela_Helios_03.raw

Click mouse within plot area to zoom in by factor of two about that point

Or, | Plot from | (100 to (1200 Da Full range
Label all possible matches Label matches used for sconng ®

Show Y-axis

200 400 E00 800 1000 1200

Monoisotopic mass of neutral peptide Mr(calc): 1180.6088
Fixed modifications: Cerbamidomethyl (C) (spply to specified residues or termini only)
Ions Score: 57 Expect: 3.6e-05

Matches : 8/94 fragment ions using 11 most intense peaks  (help)

# b b bﬂ bD-H- Seq. ¥ 3_44- > },.4-» y" yn-H- #
1| 100.0757] 50.5415 v 11
2| 201.1234]101.0653|183.1128| 92.0600] T |I082.5477) 1065.5211|533.2642(1064.5371(332.7722]10
3| 272.1605|136.5839)|254.1499(127.5786| A | 9815000 064.4734|482.7404| 963.4804|482.2483| 9
4 218.1155[417.2132(209.1103| Y | 210.4629(4 1| 893.4363|447.2218( 892.4523|446.7208| 8
5 5|268.6394(518.2609|259.6341| T | 747.3995|374.2034( 730.3730|365.6901| 729.3890|365.1981| 7
6 318.1736|617.3293|300.1683| V | 646.3519|323.6796| 629.3253|315.1663| 628.3413(314.6743| 6
7 375.6871|732.3563|366.6818| D | 547.2835|274.1454| 53 692656321 529.2729|265.1401| §
8| 840.4353(425.2213|831.4247(416.2160) V | 432.2565)216.6319| 415.2300|208.1186] 414.2459(207.6266| 4
9| 950.4829]47 932.4724(466.7398| T | 333.1881{167.0977| 316.1615(158.5844| 315 158.0924| 3
10{1007.5044(5 989.4938(495.2506] G 2.1404{116.5738| 215.1139|108.0606 2
11 R | 175.1150| 88.0631| 158.0924| 79.5498 1
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Question 26

What parameters are usually indicated for the search?

0 The used enzyme

0 The mass tolerances for MS and MS/MS levels
0 The fixed and variable amino acid modifications
0 The type of chromatography used



What paramaters are

MATRIX
SCIENCE

Mascot database search

rvar | Database search help

Access Mascot S

Products

MASCOT MS/MS lons Search

Your name

Search title

Database(s)

Technical support  Training

Email |

Indicated for the search?

News Blog

Newsletter

contaminants (AA)

alv]

Amino acid (A4)
cRAP
SARS-CoV-2
SwissProt
UP186698_X_laevis
UP1940_C_elegans
UP2195_D_discoideum
UP215602_F_oxysporum
UP2311_5_cerevisiae
UP241690_T_harzianum

modifications

MlDwuptu 1w | missed cleavages

« The used enzyme

* The mass tolerances for
MS and MS/MS levels

Acetyl (K

Acetyl (N-term)

Acetyl (Protein N-term)
Amidated (C-term)
Amidated (Protein C-ferm)
Ammonia-loss (N-term C)
Carbamidomethyl (C
Carbamidomethyl (N-term)
Carbanyl (K)

Carbamyl (N-term)

All entries v
Trypsin ~
None wv |
Crosslinking | None wv |
Fixed |-.. none selecled —-
modifications | z |
<]
Display all modifications
== NoNe selected -
[~
<]

Peptide tol. +
Peptide charge
Data file

Data format

Instrument

Decoy

12 |[Da_w] #%3c[ow
2+ v

Choose File | No file chosen

Mascot genenc w

Default w |

Start Search ... |

MS/MS tol. £ (0.6

Carboxymethyl (C)

 The fixed and variable
amino acid modifications

|Da ol

Monoisatopic @ Average

Precursor |

Error tolerant

Report top | AUTO w | hits

|Reset Form
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Question 27

What would be the effect to specify too stringent mass
tolerances?



Higher mass tolerance means less
discrimination

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?



The target-decoy method and FDR

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

Protein DB

Identified Peptides

Search Engine C> :E:::
TITYI

L = N

#decoy
FDR = -
#target
Figure 3: With a properly constructed decoy, the false
identifications distribute evenly on the target and decoy. Thus,

the amount of decoy hits can be used to estimate the FDR.
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The target-decoy method and FDR

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)

Protein DB

Identified Peptides

LA A A L B AL L L
cntrgos| ) $3355 3553
S90S SEREREE

L = N

#decoy
FDR = -
#target
Figure 3: With a properly constructed decoy, the false
identifications distribute evenly on the target and decoy. Thus,

the amount of decoy hits can be used to estimate the FDR.
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Question 29

What is the characteristics of the following quantitative

measurement?

O It is imprecise O It is accurate O It is precise O Itis inaccurate
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Precision versus accuracy

« 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

Low accuracy

Low accuracy
High precision

Low precision

High accuracy

High accuracy
High precision

Low precision
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Question 29

What is the characteristics of the following quantitative

measurement?

O It is imprecise

O It is accurate

©

O It is precise

O It is inaccurate
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Question 30

What is the characteristics of the following quantitative

measurement?

O It is imprecise O It is accurate O It is precise O It is inaccurate
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Question 31

What is often abbreviated as FC?

0 Quantitative fold change
0 False change

0 Free count

0 Free cells

Answer: gquantitative fold change
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Question 32

What is commonly used to express FC?
o0 Log,

0 Logyg
o010,

Answer: log,



Question 33

What does CV stand for?

o Coefficient of variation
o Coefficient of variability
o Change of variance

o None of those

Answer: coefficient of variation
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