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Introduction to Proteomics

Overview of shotgun proteomics
Searching raw data against protein databases
Protein grouping

Protein quantification
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Tutorial 1. Data analysis from single-shot label-free DDA data

Time permitting:

1. Other data types — fractionated, TMT, glycoproteomics, phosphoproteomics
2. Tutorial 2: Data analysis from TMT data

3. Tutorial 3: Data analysis from glycoproteomics data

Nov 29: Intro to proteogenomics



Please download these files for the tutorial

1. Install R and Rstudio

2. Have these packages installed: ggplot2, reshape?2, data.table
1. Toinstall packages: install.packages(“ggplot2”)

3. Download these datafiles:
1. source file.R
2. LFQ — Ifg_script.R, parameters.txt, proteinGroups.txt, summary.txt, tables.pdf
3. TMT - proteinGroups.txt, summary.txt, tables.pdf, tmt_script.R
4. Glyco —Asn-_AspSites.txt, glyco_script.R, tables.pdf
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Discovery Proteomics: differential expression profiling by MS

Biological Samples LC-MS/MS
(case vs. control)

Protein Mixtures
* Biofluids
* Tissue lysates

1 1

« digest to peptides * m/z and intensity of peptides

« fractionate peptides * rich pattern
« Fragment ions for sequence

Separate and Analyze
Peptides by LC-MS/MS

Data Analysis
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Search DB using peptide
m/z and sequence

!

» Peptide identity
* Protein identity
* Relative abundance



Sample Preparation
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Sample Preparation
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cells or tissue protein mixture digestion into peptides

TABLE 2 | Proteolytic enzymes and digestion conditions that are recommended by the protocol presented here.

Expected missed Enzyme/protein Temp.
Protease Specificity cleavages pH (wt/wt) (°C)  Hours Recommendations
C-terminal cleavage
Chymotrypsin  F Y, L, W, M 0-4 8 1/75 25 12 Dilute urea concentration to <2 M
) LysC K 0-2 8 1/75 37 12
GluC E (D)2 0-3 (0-4)° 8 1/75 25 12 Add 20 mM methylamine when
applying urea. Dilute the urea
concentration to <2 M
ArgC R (K)e 0-2 (0-3)® 8 1/75 37 12 Add 8.5 mM CaCl,, 5 mM DTT and
0.5 mM EDTA. Add 20 mM methylamine
when applying urea. Dilute urea to <2M
) Trypsin R, K 0-2 8 1/75 37 12 Dilute the urea concentration to <2 M
N-terminal cleavage
AspN D (E)d 0-3 (0-4)° 8 1/75 37 12 Add 20 mM methylamine when applying
urea. Dilute the urea concentration
to <2 M. Do not use metal chelators
LysN K 0-2 8 1/75 37 12 Dilute the urea concentration to below

6 M. Do not use metal chelators

Giansanti et al 2016 Nature Protocols (https://www.nature.com/articles/nprot.2016.057.pdf?origin=ppub)



https://www.nature.com/articles/nprot.2016.057.pdf?origin=ppub

How we sequence peptides: MS/MS intact peptide parent ions
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MS/MS means using two mass analyzers (combined in one
instrument) to select an analyte (ion) from a mixture, then
generate fragments from it to give structural information.

https://www.broadinstitute.org/files/shared/proteomics/Fundamentals of Biological MS and Proteomics Carr 5 15.pdf



https://www.broadinstitute.org/files/shared/proteomics/Fundamentals_of_Biological_MS_and_Proteomics_Carr_5_15.pdf

Example electrospray MS/MS spectrum of a peptide
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Sample Preparation
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Giansanti et al 2016 Nature Protocols (https://www.nature.com/articles/nprot.2016.057.pdf?origin=ppub)



https://www.nature.com/articles/nprot.2016.057.pdf?origin=ppub

Most analyses of proteins are done by digestion
of proteins to peptides (“bottom-up” proteomics)

Advantages:
 Data acquisition easily automated
* Fragmentation of tryptic peptides well understood
 Reliable software available for analysis

« Separation of peptides to create less complex subsets
of the proteome for MS analysis is far easier than for
proteins (relates to breadth and depth of coverage)

Disadvantages:
« Simple relationship between peptide and protein lost

* Took highly complex mixture and made it 20-100x
more complex

« Puts high analytical demands on instrumentation



Proteome is vastly more complex

Proteome Complexity

20,393 > 104,763 > >1,000,000
Protein coding Genes Protein coding transcripts Protein variants

Splice isoforms
Truncations
Post translational modifications
Microproteins (from IncRNA, circRNA, etc)



Fractionation

Protein separation (Biophysical properties): SDS-PAGE, IEF, 2D gel

Organellar fractionation - nucleatr,
mitochondrial, cytosolic, etc
Fluids — blood, urine, conditioned
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Peptide fractionation
(Biophysical properties)

- Acidity/Basicity: SCX, SAX
- pH: high pH reversed-phase

PTM enrichment

Cell surface: Glycocapture,
Cell-surface capture
Phosphoproteomics



Single-shot DDA workflow
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Automated Peptide Sequencing by LC/MS/MS (Data Dependent Acquisition)
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MS/MS Search Engines: looking up the
answer in the back of the book

Peptide Spectrum Match (PSM): MS2 spectrum that matches to a peptide and passes peptide FDR

Acquired MS/MS Sequence Database
spectrum (translation of transcriptome)

Theoretical spectrum
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DLLLOWCWENGK
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similarity score

Algorithms: Mascot, MaxQuant, SpectrumMill, X-Tandem...




MaxQuant

Thermo Fisher Scientific Orbitrap

Required Settings

Group A

e

Group B

G

Experimental
design
Optional as .txt file

L —

Search database
File in .fasta format

7 —
I S—
L —
e —
X —
O —

ror

Bruker Q-TOF

DS

4 I

AB Sciex Q-TOF Agilent Q-TOF

Raw file upload
MaxQuant.exe

—

—

Viewer tab of MaxQuant.exe

Intensity

New protease

cases and

Andromeda configuration tab of MaxQuant.exe Protein

First search Main search

Feature detection



Mass error
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http://www.coxdocs.org/doku.php?id=:maxquant:start
https://www.nature.com/articles/nprot.2016.136

Search parameters

[") session1 - MaxQuant = O >
Fle  Tools Window  Help

Raw files Group-specific parameters  Global parameters  Peformance  Viewer  Configuration

Lload Remove White template Set experiment  Set parameter group
Load folder Change folder Read from file Set fractions Mo fractions
Input data Exp. design fle Edit exp. design
File Exists Size Data format Farameter group  Experiment Fraction =

1 DAFTPDataketlint191009_ketlin_72 raw True 25GB Thermo raw... | Group 0 k_72 1
2 DAFTPDataKetlint191009_ketlin_93 raw True 26GB Thermo raw... | Group 0 k_93 1
3 DAFTPDataketlint191009_ketlin_87 raw True 26GB Thermo raw... | Group 0 k_a7 1
4 DAFTPDataKetlint191009_ketlin_113 raw True 24GB Thermo raw... | Group 0 k_113 1
i DAFTRDataKetlint191030_ketlin_70_191002211216.raw True 24 GB Thermo raw... | Group 0 k_70 1
i DAFTPDataKetlint191030_ketlin_152_ 191003023234 raw True 24GB Thermo raw... | Group 0 k_152 1
T DAFTPDataKetliny190919_ketlin_75kg_redo.raw . Thermoraw... | Group 0 1

Titems 1 selected 100%
Mumber of threads Serd exnaill when dere
7 = Start Stop Partial processing | [] Dietails

Version 1533 .:




Search parameters

7] Sessiond - MaxQuant S O *

Fle  Tools Window Help

Raw files | Group-specific parameters | Global parameters  Pedformance  Viewer Configuration

Type Instrument  First search

Digestion Labelfree gquantification Misc.

Parameter group Parameter section

Variable modifications Acetyl (K) A || = || Oxidation (M)

Acetyl (Miem) Acetyl (Protein M4em)
Acetyl (Protein M4em) <
Amidated (C4erm)

Amidated (Protein C4erm)

Carbamidomethyl (C)

Carbarmyl (M4em)

Cation:Na (DE)

CysLCys

Deamidation (M)

Deamidation (MG)

Deamidation 180 (N} W

Max. number of modifications per peptide 5

Variable modifications: Includes modified and unmodified peptide in database search

< >
Number of threads Send emasil when done
7 = Start Stop Partial processing ] Details

Version 1.5.8.3




Search parameters

7] Sessiont - MaxQuant

O >
Fle  Tools Window  Help
Raw files | Group-specitic parameters | Global parameters  Peformance  Viewer  Configuration
Type Modfications Instrument  First search
Labelfree quartification Misc.
FParameter group Parameter secton
Digestion mode e -
Enzyme ArgC .«. Trypsin/P '
AspC
AspN T
Chymotrypsin
Chymotrypsin+ ‘
CnBR L
P
GlutC
GluM
LysC
LysC/P
LysM W
Max. missed 2

Maximum 2 missed cleavages

Enzymes: Trypsin/P (C-ter cleavage at K, R, even if followed by P)

Mumber of threads Serd el when dane

7 B Start Stop Partial processing | [] Details

Version 1.5.8.3



Search parameters

7] Sessiont - MaxQuant

O >
Fle  Tools Window  Help
Raw files | Group-specitic parameters | Global parameters  Peformance  Viewer  Configuration
Type Modfications Instrument  First search
Labelfree quartification Misc.
FParameter group Parameter secton
Digestion mode e -
Enzyme ArgC .«. Trypsin/P '
AspC
AspN T
Chymotrypsin
Chymotrypsin+ ‘
CnBR L
P
GlutC
GluM
LysC
LysC/P
LysM W
Max. missed 2

Maximum 2 missed cleavages

Enzymes: Trypsin/P (C-ter cleavage at K, R, even if followed by P)

Mumber of threads Serd el when dane

7 B Start Stop Partial processing | [] Details

Version 1.5.8.3



Specify database

] Session1 - MaxOuant S O >

Fle Tools Window  Help

Adu.idemrﬁcation Label free quartification MS/MS - FTMS MS/MS - TOF Advanced

|dentfication Protein quantification Tables Folder locations MS/MS -1TMS  MS/MS - Uinknown

Parameter section

S Addfle | Removefie ~

C:Users'Kislinger Lab'Documents'\Fasta files\Rattus_norvegicus_ensemble_Lydia_sept2019_SUCZ2_copy fasta |

1. Specify species-specific database
If protein sequence is not in the database, you won’t see it in your data!

oL e 2. Include common contaminants database

ﬁgﬂ }E-term}N } > - | !

rotein M4em . . . .

e e 3. _SpeC|fy fixed modification |

e Meem) Will only match alkylated peptides

Ef-tsl-%:-:;qa (DE})

Deamidation (M)

Deamidation (NQ)

Deamidation 180 (M) A
Min. peptide length 7 |
Max. peptide mass [Da] |.1,E,|].|]. . . . . |
Vi et et forcrapeciic sorch 5 4. Specify peptide length of 7-22 amino acids |
Max. peptide length for unspecific search |25 |
Number of threads DL Y
7 2 Start Stop Partial processing ] Details

Version 1.5.8.3




Target-Decoy search strategy

Uniprot reference sequence (human)

PO2768-1
KWVTFISLLFLFSSAYSRGVFRRDAHKSEVAH
RFKDLGEENFKALVLIAFAQYLQQCPFEDHVK

l in silico digestion

(K)WVTFISLLFLFSSAYSR
(R)DLGEENFK
(K)ALVLIAFAQYLQQCPFEDHVK
(K)SEVAHRFK

Decoy database

(K)SYASSFLFLLSIFTVWR
(R)FNEEGLDK
(K)VHDEFPCQQLYQAFAILVLAK
(K) FRHAVESK

List of theoretical spectra

List of experimental spectra

Search engine

 Andromeda
« OMSSA

« Comet

« XlTandem

« Mascot
 MSFragger
e MSGF+

Scoring
j 1% FDR

Protein Grouping



Set FDR = 1%

D Session] - MaxQuant

Fle Tools Window  Help

Seguences Adv.identification Label free quantification MS/MS-FTMS MS/MS - TOF  Advanced

|dentfication | Protein quantification Tables Folder locations MS/MS - ITMS  MS/MS - Unknown

Parameter section

PSM FDR lom ] |
Protein FOR l0.m =— |
Site decoy fraction |1}_1}1 _ |
Min. peptides |‘| |
Min. razor + unique peptides | 1 |
Min. unique peptides |{|| |
Min. score for unmodffied peptides |{|. |
Min. score for modified peptides |4.[|. |
Min. detta score for unmodified peptides |{|. |
Min. delta score for modified peptides |'E |
Main search max. combinations |2.|]-|} |
Base FDR calculations on delta score O

Razor protein FOR

Mumber of threads Serwd el whesn e
7 = Start Stop Partial processing | ] Details

Version 1.58.3 .:




Protein Quantitation

] Session1 - MaxQuant

Fle Tools Window Help

Raw files | Group-specific parameters | Global parameters  Peformance  Viewer Configuration

Type Modfications Instrument  First search

Digestion | Labelfree quantfication | Misc.

Parameter group Parameter secton
Labelfree quantification LEQ
LFC min. ratio count |2
Fast LFQ
LFQ min. number of neighbors |3 |
LFQ average number of neighbors |5 |
Skip nomalization ]
Label-free quantitation (LFQ): Applies normalization to raw intensities to exclude
some “outliers”
« Actual normalization algorithm unknown but seems to work best compared to
other normalization strategies e.g. median normalization of raw intensities
« Use this number for quantitation if comparing samples in the same search
Mumber of threads Serd email when done:
7 B Start Stop Partial processing | [] Detzis

Vemsion 1583




Protein Quantitation

|| Session1 - MaxCuant = O >

Fle Tools Window  Help

Sequences Adv.identfication | Label free quantfication | MS/MS - FTMS  MS/MS - TOF  Advanced

|dentification Protein quantfication Tables Folder locations MS/AMS - 1ITMS MS/MS - Unknown

Parameter =
Separate LFQ in parameter groups ]
Stabilize large LFQ ratios
Require M5/MS5 for LFQ comparisons
iBAC
Log fit
Advanced site intensities

IBAQ quantitation: sum of detected peptide intensities / number of theoretically observable peptides
- Similar to mRNA seq dividing by transcript length

- “Intensity-Based Absolute Quantification”

- IBAQ values are proportional to the molar quantities of the proteins.

- Assumes that all peptides were ionized and detected at the same efficiency

- Use if comparing between separate MQ searches

Mumber of threads Sl exnaill when e
F3 = Start Stop Partial processing | [ Details

Version 1.5.8.3




MaxQuant outputs

Name Date modified Type Size
R_figures 2019-03-20 3:32 PM File folder
R_tableQutput 2019-02-28 4:57 PM File folder
aifMsms.txt 2019-01-17 1212 PM  TXT File 0 KB
allPeptides.txt 2019-01-17 1:19 PM TXT File 5,679,155 KB
evidence.txt 2019-01-17 12:20 PM  TXT File 1,255,960 KB
——) experimentalDesignTemplate.txt 2019-01-16 6:23 PM TXT File 3 KB
libraryMatch.txt 2019-01-17 12:12 PM  TXT File 0 KB
matchedFeatures.txt 2019-01-17 12213 PM  TXT File 0 KB
modificationSpecificPeptides.txt 2019-01-17 12219 PM  TXT File 120,475 KB
ms3Scans.txt 2019-01-17 1:03 PM TXT File 0 KB
msms.txt 2019-01-17 12:24 PM  TXT File 3,795,159 KB
msmsScans.txt 2019-01-17 1:15 PM TXT File 1,459,984 KB
msScans.txt 2019-01-17 1:15 PM TXT File 412,148 KB
mzRange.txt 2019-01-17 1:19 PM TXT File 49,831 KB
Oxidation (M)Sites.txt 2019-01-17 12:25 PM  TXT File 11,481 KB
—) parameters.txt 2019-01-17 12:12 PM  TXT File 4 KB
peptides.txt 2019-01-17 12:221 PM  TXT File 150,987 KB
—) proteinGroups.txt 2019-01-17 12:24 PM  TXT File 66,217 KB
summary.txt 2019-01-17 12219 PM  TXT File 45 KB
mm—) [4] tables.pdf 2019-01-17 12112 PM  Adobe Acrobat Docu... 179 KB

Glycoproteomics: Asn-_AspSites.txt

Phosphoproteomics: Phospho(STY).txt Modified sites # modified peptides!



Tutorial 1: Filtering label-free single-shot DDA data




Filtering data

. Read in proteinGroups.txt file

. Remove false hits (Reverse, Potential.contaminant, Only.identified.by.site)
 Reverse: False positives

« Potential.contaminant: Proteins that match to contaminant database

« Only.identified.by.site: Proteins identified based on only modified peptides

. Apply filter of minimum 2 unique peptides per protein group

. (Optional) Filter out proteins detected in 2 or more replicates
* Note: Only do this if there are at least 3 replicates



Get Intensities

1. Get LFQ intensities (“*LFQ.intensity.”)
» Use this if comparing samples within the same search

2. Get IBAQ intensities (“*IBAQ.”)
« Use this if comparing samples in different searches
« May need additional normalization

3. Log-2 transform data -> to get normal distribution
Note on missing values:

« Missing peptides could either mean that (1) the peptide is present but not detected in that run, or (2) the
peptide is absent.



Relative Abundance

Checking data quality

Options for plotting chromatograms
1. XCalibur (paid software)

2. RforProteomics (R package on
Bioconductor)

3. msScans.txt
=> “Base.peak.intensity” vs “Retention.time”

L2 0 10 Nx " 1o SO0 Py S8 MO

Tew )

Retention Time (min)

Sinha et al 2014 Biochem Biophys
Res Comm



Checking data quality

C ¢ Technical Replicate
« Biological Replicate
"
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Retention time

Checking data quality
Chromatographic performance
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Data analysis

A  Gene enrichment oo -
Puttrwsy i o ; e Othe rS .
. ;‘ £ Fathway
St Heatmaps, volcano plots, etc.
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Comparing against other databases
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5 10° Note: if comparing against RNA-seq data,
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Protein inference problem Shotgun Approach

« Mass spec detects peptides (peptide-centric)
 The same peptide can be present in multiple different

proteins -> shared peptides

« We're interested in knowing what proteins are present in the

Qo000 COO00O

sample l Lo

aadida

* Protein detection based on unique peptides | T —I

AEMK GAGGLR HYFEDR

Good review: https://www.mcponline.org/content/mcprot/4/10/1419.full.pdf



https://www.mcponline.org/content/mcprot/4/10/1419.full.pdf

Protein inference problem: Case studies
Gene CAPZB

>IPI00026185 IPI:IPI00026185.4|Swiss-Prot:P47756-1|ENSEMBL:ENSP00000264202
Tax I1d=9606 Splice isoform 1 of P47756 F-actin capping protein beta subunit

— 1 2 // 6 7 8

>IPI00218782 IPI:IPI00218782.1|Swiss-Prot:P47756-2|ENSEMBL:ENSP00000264203
Tax Id=9606 Splice isoform 2 of F-actin capping protein beta subunit

- 2 |—//— 6 7 8" |—

P47756-1: MSDQQLDCALDLMRRLPPQQIEKNLSDLIDLVPSLCEDLLSSVDQPLKIARDKVVGKDYL 60
MSDQQLDCALDLMRRLPPQOIEKNLSDLIDLVPSLCEDLLSSVDQPLKIARDKVVGKDYL
P47756-2: MSDQQLDCALDLMRRLPPQQIEKNLSDLIDLVPSLCEDLLSSVDQPLKIARDKVVGKDYL 60

P47756-1: LCDYNRDGDSYRSPWSNKYDPPLEDGAMPSARLRKLEVEANNAFDQYRDLYFEGGVSSVY 120
LCDYNRDGDSYRSPWSNKYDPPLEDGAMPSARLRKLEVEANNAFDQYRDLYFEGGVSSVY
P47756-2: LCDYNRDGDSYRSPWSNKYDPPLEDGAMPSARLRKLEVEANNAFDQYRDLYFEGGVSSVY 120

P47756-1: LWDLDHGFAGVILIKKAGDGSKKIKGCWDSIHVVEVQEKSSGRTAHYKLTSTVMLWLQTN 180
LWDLDHGFAGVILIKKAGDGSKKIKGCWDSIHVVEVQEKSSGRTAHYKLTSTVMLWLQTN
P47756-2: LWDLDHGFAGVILIKKAGDGSKKIKGCWDSIHVVEVQEKSSGRTAHYKLTSTVMLWLQTN 180

P47756-1: KSGSGTMNLGGSLTRQMEKDETVSDCSPHIANIGRLVEDMENKIRSTLNEIYFGKTKDIV 240
KSGSGTMNLGGSLTRQMEKDETVSDCSPHIANIGRLVEDMENKIRSTLNEIYFGKTKDIV
P47756-2: KSGSGTMNLGGSLTRQMEKDETVSDCSPHIANIGRLVEDMENKIRSTLNEIYFGKTKDIV 240

P47756-1: NGLRSIDAIPDNQKFKQLQRELSQVLTQRQ 270

NGLRS+ D K+ L+ +L + L ++Q
P47756-2: NGLRSVQTFADKSKQEALKNDLVEALKRKQ 270
- - ]

Not detected
Conclusion: Isoforms are indistinguishable from each other



Protein inference problem: Case studies

Gene: EPLIN
Q9UHB6-1 isoform Beta

— 1 2 3 4 5 6 // 9 10

\ o
Q9UHB6-2 isoform Alpha

— 3 4 5 6 // 9 10

Q9UHB6-3 (isoform 3)
— 6 // 9 10

v > Splice isoform Beta of QY9UHB6 Epithelial protein lost in neoplasm

MESSPFNRROQWTSLSLRVTAKELSLVNKNKSSAIVEIFSKYQKAAEETNMEKKRSNTENLSQHFRKGT LTVLKKKWENPG|
LGAESHTDSLRNSSTEIRHRADHPPAEVTSHAASGAKADQEEQIHPRSRLRSPPEALVOGRYPHIKDGEDLKDHSTESKK

MENCLGESRHEVEKSEISENTDASGKIEKYNVPLNRLKMMFEKGEPTQTKILRAQSRSASGRKISENSYSLDDLEIGPGQ
LSSSTFDSEKNESRRNLELPRLSETSIKDRMAKYQAAVSKQSSSTNYTNELKASGGEIKIHKMEQKENVPPGPEVCITHQ
EGEKISANENSLAVRSTPAEDDSRDSQVKSEVQQPVHPKPLSPDSRASSLSESSPPKAMKKFQAPARETCVECQKTVYPM
ERLLANQOQVFHISCFRCSYCNNKLSLGTYASLHGRIYCKPHFNQLFKSKGNYDEGFGHRPHKDLWASKNENEEILERPAQ
LANARETPHSPGVEDAPIAKVGVLAASMEAKASSQQEKE DKPAETKKLRIAWPPPTELGSSGSALEEGIKMSKPKWPPED
EISKPEVPEDVDLDLKKLRRSSSLKERSRPFTVAASFQSTSVKSPKTVSPPIRKGWSMSEQSEESVGGRVAERKQVENAK
ASKKNGNVGKTTWONKESKGETGKRSKEGHSLEMENENLVENGADSDEDDNSFLKQQS PQEPKSLNWSSEVDNTFAEEFT
TONQKSQDVELWEGEVVKELSVEEQIKRNRYYDEDEDEE



Protein groups

None of the proteins was detected with a unique peptide

Peptides identified:

1 TIGGGDDSFNTFFSETGAGK 5 IHFPLATYAPVISAEK 9 VGINYQPPTVVPGGDLAK
2 AVFVDLEPTVIDEVR 6 AYHEQLSVAEITNACFEPANOMVK 10 AVCMLSNTTATAEAWAR
3 QLFHPEQLITGKEDAANNYAR 7 YMACCLLYR 11 LDHKFDLMYAK

4 NLDIERPTYTNLNR 8 SIQFVDWCPTGFK

Assignment of peptides to proteins:
peptides
1 2 3 o 9 6 7 8 9 10 11

P05209 alpha-1 B I T o
Q13748-1 alpha-2 (1) _um B -
g 013748-2 alpha-2 (2) _um -_ s wm = - -
o
Q
‘6’ NP_006000 alpha-3 - - - . . . - -_ .- @
54
n‘POSZlS alpha-4 - @ EE - E N O O .
Q9BQE3 alpha-6 S EE . E S - -— -_ -
QINY65 alpha-8 -_ - - . ..



proteins

0

proteins

proteins

peptides

1 2 9 4
A = ==
= - -

distinct proteins

peptides

5 2 3 4
A == == wm .

B == == == m==

indistinguishable proteins

peptides

1 2 3 4
A--
= - e
C - -

B: subsumable protein

Peptide grouping scenarios

b peptides
1 2 3 4
8 - - -
s A
o)
S B - - .
differentiable proteins
d peptides
1 2 54
é A = == == ==
°
£ B - e
B: subset protein
f peptides
1T 2 3 4
w A == m = =
A=
% B = == ==
a

C - -

a group of proteins identified
by shared peptides only

Set of all detected proteins = the minimum

number of proteins sufficient to explain all

observed peptides

* Includes distinct and differentiable
proteins

 Situations c-f: presented as a protein
group



Razor vs unique peptides

Unique peptide: Peptide unique to one protein group

Razor peptide: Peptide shared between protein groups, but assigned to the protein group with
more peptides

Protein A Peptide A, Peptide B,

Protein B Peptide A, Peptide B, Peptide E

Protein C Peptide A



Razor vs unique peptides

Unique peptide: Peptide unique to one protein group
Razor peptide: Peptide shared between protein groups, but assigned to the protein group with

more peptides

Razor peptides

f

Protein A Peptide A, Peptide B, ,

Protein B Peptide A, Peptide B, Peptide E

Protein C Peptide A



Protein IDs

Unique peptide: Peptide unique to one protein group

Razor peptide: Peptide shared between protein groups, but assigned to the protein group with
more peptides

Razor peptides

f

Protein A Peptide A, Peptide B, : ” Protein A; Protein C

v

Protein B Peptide A, Peptide B, Peptide E Protein B

Protein C Peptide A



Majority protein IDs

Unique peptide: Peptide unique to one protein group

Razor peptide: Peptide shared between protein groups, but assigned to the protein group with
more peptides

. i Majority
azor ?epl es Protein.IDs Protein.IDs

Protein A Peptide A, Peptide B, : " Protein A; Protein C Protein A

Protein B Peptide A, Peptide B, Peptide E > Protein B Protein B

Protein C Peptide A



Factors affecting peptide detection

Presence of tryptic sites — Arg (R) and Lys (K)
Accessibllity to enzyme - PTMs

_ength — 7-22 amino acids

_ow abundance

Poor 1onization

Difficult to fragment



Data repositories

MassIVE — Mass Spectrometry Interactive Virtual Environment
https://massive.ucsd.edu/ProteoSAFe/static/massive.jsp

* Raw files

« MaxQuant search output

ProteomeXchange
http://www.proteomexchange.orq/
o PXDXXXXXX



https://massive.ucsd.edu/ProteoSAFe/static/massive.jsp
http://www.proteomexchange.org/

Relative Quantification Methods for Discovery Proteomics

Label-free quantification Chemical labeling Metabolic labeling (SILAC)
(1 sample at a time) (up to 10 samples at a time)

(up to 3 samples at a time)
State A State B State A State B State A State B
U :T V ;T (light) (heavy)
\ \ s — —
\ Label /

Combine

Combine

T™MT
Quantify Identify iTRAQ

m/z




Multiplexing (TMT, ITRAQ) — MS2 level quantitation

8 Samples

w
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http://www.mtoz-biolabs.com/itraq-tmt.html

iTRAQ Experimental Example

Kinase Kinase Kinase p
DMSO : : : Peptide #1:
Inhib 1 Inhib 2 Inhib 3 No offoct
Lyse and
Digest
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Pool | Y J
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Multiplexing

PROS
Reduced run-to-run variation .
“High-throughput”. Up to 11 samples at once .

More robust quantitation

Higher sensitivity for low abundance peptides

CONS

Requires fractionation

Can only compare samples within a set

Requires fixed study design i.e. if you
want to run more samples later on, new
samples might not be directly
comparable to older samples



Multiplexing

PROS CONS
Reduced run-to-run variation  Requires fractionation
“High-throughput”. Up to 11 samples at once « Can only compare samples within a set

More robust quantitation

Requires fixed study design i.e. if you

Higher sensitivity for low abundance peptides
want to run more samples later on, new

— — T—— samples might not be directly
ﬁiﬁ i i comparable to older samples

Wy
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2222222
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!




Multiplexing

PROS CONS
Reduced run-to-run variation « Requires fractionation
“High-throughput”. Up to 11 samples at once « Can only compare samples within a set

More robust quantitation

Requires fixed study design i.e. if you

Higher sensitivity for low abundance peptides
want to run more samples later on, new

3 Sarapes — T—— samples might not be directly

comparable to older samples
o | NS

.
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TMT experimental design

Example for design

B with one TMT run
n .

““““““ M T ==
A AAA AAN NN\ resscess
VB 7 RN

126 127N 127C 128N 128C 129N 129C 130N 130031 Labels

wy i 08800003
T\\/z=/"

- i

m Fractionation > 12 fractions > 12 mass spec runs




TMT experimental design

Example for design
B with one TMT run

Pool

[ /T\ /|\

- SO
4 f: - ™ ™ '1
\ / |‘ f ', ' \ l
[ L( \ l A" A

Different
™

J]| —

\ N\ N

/ ‘\‘ '," \ _-"' l". Rephcates

//////

\\\

- 1: 12; 12;(: 12;“ 1:6 1;“ 1: 13:“ 1;031. Labels
\\\\ | f==

y
|

g

Combine

Fractionation

More than one TMT run

seis T
secz. T —

oo INLTTTED

Pooled
control

Fractions
1-12

Fractions
13-24

Fractions
25-36



Setting up TMT database search

"] session1 - MaxCuant — O >

Fle  Toolz Window  Help

Raw files Group-specific parameters  Global parameters  Peformance  Viewer Configuration

Modffications  Instrument  First search

Digestion Labeldree quantfication Misc.

Parameter group Parameter section

L Standard £

Reporter ion M52
Reporterion M53
MeuCode

Guantification only no calib

TaT Chmeth

(] Arg10 [ ] Dimeth
[ | AraB (| Dimeth
|| DimethLys( L_| Dimeth
|| Dimethlys2 || ICAT0
[ ] Dimethlys4 (] IcaTs
[ ] Dimethlys6 [ ICPLL
| | Dimethlys8 [ | ICPL-L
|| DimethMterD || ICPLL A

Reporter ion MS2 or Reporter MS3 depending on acquisition method
-> MS2: quantitation from MS2 level spectra
-> MS3: (SPS-MS3) quantitation from MS3 level spectra

< >
MNumber of threads Serd exnaill when dore
1 B Start Stop Partial processing | [] Details

Version 1.5.8.3




Tutorial 2: Filtering TMT DDA data




Invertase

-

Extraction
Reduction
Alkylation

Digestion

Cogger et al 2017 Nat Comms

Glycoproteomics

Glyco-peptide
enrichment

(Asp -> Asn)

=
O
-—
©
1%,
x
O

Depletion

Specify Asn -> Asp (-1 Da)
as variable modification in search



Glycoproteomics

4 962 Deamidation sites at Asn (AS p -> AS n)

A 1
1.0 =
E 0.78 O bhk
Rt ﬁz = ﬁ?;
& 22 .7 e .' { { H ii"“l. 4% "=t .:
5 -4 1 0 +1 +2 +3 +4 45
|
3,922 sites with SIT at +2 aa
3,675 N-glycosylated peptides
2,200 N-glycosylated proteins groups
SUC2 Secreted Transmembrane
g(1) 1410 (597) 2503 (1231)
Extracellular
1396 1020
AR AR ARRARARSZS MMW
Trans-membrane | | b 0
BT, S S
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>
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sites / protein
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CA125 B
L1CAM, LRP1
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Protein
groups

1 500 1000 1400
Protein group counts

Sinha et al 2019 Cell Systems



Tutorial 3: Filtering Glycoproteomics DDA data




Phosphoproteomics

Specify Phospho(STY)
@ (+79.99 Da) as variable
500 ug p m} ®. } modification in search
= - B, 40
¢
DU145
\ . ‘:) Ti-IMAC or Tio2
@'} @3 .@. magnetic bead capture
©3¢ [ _OFy
® ' () . .@) }
# 1% NH40H (ita . Washing ’}f ®.
. J
007 kY
@ Y




Analytical challenges of proteomics differ in important
ways from transcriptional analysis

Transcriptional Profiling MS-based Proteomics

* All possible features known * All possible features not known

e Sample is static during analysis * Sample is dynamic during analysis

* All features measured * 20-50% of features measured

* Robust means to amplify low * No protein PCR (analytics have to
numbers DNA or RNA (PCR) deal with enormous dynamic range)

 Signal not detected means * Signal not detected means either
feature not present that feature not present or feature

present but not detected



Proteomics part #2. Proteogenomics

« Data imputation
 Integrated “omics” analysis

* Protein identification from INCRNA, circRNA, etc



Supplementary slides




PEP Score

 Posterior error probability (PEP) 1s calculated using
Bayesian statistics as a probability of false hit using the
peptide 1dentification score (s) and length of peptide(l).

p(s.L) and p(s, L|X = false)

p(s. LIX = false)p(X = false)
pls,L)

p(X = false|s, L)

* The smaller the PEP, the more certain 1s the identification
of a peptide.

» Longer peptides are automatically accepted with lower
scores (based on their parent mass).

Longer peptides: less likely to be identified by chance

PEP score proteins: multiply peptide PEPs. Only
peptides with distinct sequences and highest-
scoring peptides are used.



