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Introduction to Proteomics

IR

= What is proteomics? And why do we do this?

= Mass spectrometry-based proteomics
- Sample preparation
- Protein Identification — ,from mass spectrum to protein®

- Acquisition modes
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Current state-of-the-art!!!
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THE UNDZGE2E AS WE KNOW [T:
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WITHIN AND ouTslDE
OF OUR SOLAR

WE HAVE NO SYeTE
FREAKING (DEA.

http://phdcomics.com/noidea/



Why proteomics?

DNA: what could be
RNA: what it is trying to be

Protein: what it is

- larva and adult butterfly: same genome ... different proteome
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Picture source - http://www.bund-nrw-naturschutzstiftung.de



Main Applications of Proteomics

Identification of proteins whose presence or absence correlates with disease (e.g., cancer)

Identification of proteins as diagnostic markers or targets for the development of therapeutics

Elucidation of biological mechanisms of action

Early recognition through protein analysis

Identification of proteins in signaling pathways

Detection of drug side effects

healthy subject




How do we define "proteome®/,proteomics”?
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ClIQVLQSKHPGDFGADAQGAMNKALE
LFRKDMASNYKELGFQG

Proteome:

The PROTEin complement of the genOME
(Mark Wilkins, 1994)

The entirety of all proteins in a cell (compartment), tissue, or organism
(under defined conditions and at a specific time point)

Proteomics:

The study of proteomes
(Mark Wilkins, Denis Hochstrasser, Ron Appel, 1996)

The large-scale study of the structure and functions of proteins
(including protein modifications, protein expression, the influence of
proteins on metabolic processes, protein-protein interactions,...)



How do we define "proteome®/,proteomics”?
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FIG. 1. Types of proteomics and their applications to biology.

Graves and Haystead, Microbiology and Molecular Biology Reviews, 66, 39-63 (2002); doi: 10.1128/MMBR.66.1.39-63.2002
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Deciphering the human proteome
- a milestone for mass spectrometry-based protein analysis-

ARTICLE

A draft map of the human proteome

Min-Sik Kim'?, Sneha M. Pinto®, Derese Getnet'**, Raja Sekhar Nirujogi’, Srikanth S. Manda’, Raghothama Chaerkady"*,
AnilK. \{adu;;undu‘ Dhanashree S. Kelkar’, Ruth Isserlin’, Shobhit Jain®, Joji K. Thomas”, Babylakshmi Muthusams
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Tejaswini Subbannayya’, Rajesh Raju’, Manish Kumar’, Sreelakshmi K. Sreenivasamurthy®, Arivusudar Marimuthw,
Gajanan . Sathe?, Sandip Chavan®, Keshava K. Datta’, Yashwanth Suhba.n.nayya‘ “Apeksha Sahu?®, Soujanya D. Yelamanch#®,
S:Vua!avanm Pavithra Rajagopalan’, Jyoti Sharma®, Krishna R. Murthy”®, Nazia Syed”, Renu Goel’, Aafaque A. Khan’,
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Donald Freed‘ Muhammad . Zahari’, Kanchan K. Mukherjee!, Subramanian Shankar”, Anita Mahadevan'**', Lam”?,
Christopher itchell', Susarla Krishna Shankar'®", Parthasarathy Satishchandra®, John T. Schroeder', Ravi s::deshmnkh‘,
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M-S Kim et al. Nature 509, 575-581 (2014) doi:10.1038/nature 13302

= First mass spectrometry-based drafts of the human proteome in 2014

= First mass spectrometric detection of gene products for a total of 84% (Kim et al.) and
92% (Wilhelm et al.) of the annotated protein-coding genes in the human genome
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Why not simply analyze the transcriptome?
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[Tenzer]



The route from genome to proteome

[Tenzer]

PROTEOMICS

DNA —— mRNA —— protein —_— functional protein

post-translational

transcription translation modification

Cell metabolism is driven by active proteins, thus functional proteins
- post-translational modifications,
e.g. phosphorylation, glycosylation, S-S bond formation

- many proteins are only active in complexes

10



The route from genome to proteome

Central dogma ,one gene - one enzyme (protein)“ obsolete
Human: approx. 19,773 protein-coding genes, 1 million potential proteoforms?

$%
439979399
328 988839
3773 3339
333333

$%%°%

Genome Transcriptome Proteome

~20-25,000 genes - -------- - »  ~100,000 transcripts === ——————3%  >1,000,000 proteins
Alternative promoters Post-translational

Alternative splicing modifications
mRNA editing

-11-



Characterizing a proteome: An Analytical Challenge

Dynamic range
of protein
abundances is

>400 Post
translational
modifications;

No equivalent
of PCR for

Alternate splice
forms of a gene

proteins-deal can make
sciences concentrations proteins gene or MRNA

Genome Proteome
* Essentially static over time * Dynamic over time
* Non subcellular location specific * Subcellular location specific
* Human genome mapped (2000) * Human proteome non-mapped:
» ~20,000 genes » ~400,000 proteoforms ??7?
* PCR is available to amplify DNA * No equivalent of PCR for proteins

[Tenzer]



Characterizing a proteome: An analytical challenge

0 HH
..........
)

GOCONMIGS .CON / NONGEQUITUR

PI6T. BY UNWeRSGpL. UCLicK

1-20
A'A\© 2006 wWiey INK, \nc. WILEN INK@EARTHLINK NET

- We must embrace the complexity...

-> No “gold standard” for protein analysis

K Carbonara et al. Proteomes, 9, 38 (2021)
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Introduction to Proteomics

MLJEE oo

= Mass spectrometry-based proteomics
- Sample preparation

- Protein Identification — ,from mass spectrum to protein®

?o
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)
8
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Mass spectrometry-based proteomics

1) Bottom-up proteomics (short peptides: 0.7 kDa < M,, < 3.0 kDa)

Protein Peptides Mass Spectrometry
(typically tryptic)

— =2 Ll

2) Middle-down: Analysis of ,medium®“length peptides (3.0 kDa < M,, < 10 kDa)
3) Top-down: Analysis of intact proteins including fragmentation (e.g. 10 kDa < M,, < 50 kDa/~200 kDa)

-15-



Typical bottom-up proteomics workflow

Proteolytic peptides Separation of peptides

Protein (normally tryptic) by liquid chromatography
——
” ~J Ve
—
‘ . ~ 4
\—/
Protein and

peptide
identification by

Analysis of peptide ions
by mass spectrometry

-16-



Bottom-up proteomics workflow

i) Probenvorbereitung ii) nanoUPLC Trennung iii) IMS-MS Analyse iv) Datenprozessierung
-j\M‘ - S > |
Ze"lyse | | | . | > Rohdat;LSzSessierun m!a?kgrcj: as::etie
in FASP Verdau 90 min Gradienten Synapt G2-S HDMS o Datepnbanksucheg Quantifizi?erun
.. 4 9
z.B. Harnstoffpuffer 20 ug Zelllysat 75 um x 250 mm HSS-T3 C18 Séule (Auflésung: 25 000 FWHM)

(1) Sample preparation (Lysis of cells or tissue, proteolytic digest, purification)
(2
(3

(4) Data processing (database search/quantification)

Liquid Chromatography

Mass spectrometry (precursor and fragment level)

)
)
)
)

17



(1) Sample Preparation: Generating peptides from proteins

» |n-gel digest

Sample containing
protein(s) to be analyzed
Separation by
electrophoresis

Relative Abundance

Proteolytic
fragmentation

MS analysis
and data evaluation

18



(1) Sample Preparation: Generating peptides from proteins

» |n-solution digest

LC-MS Analysis

Lysate preparation In-solution Peptide Enrichment/
y prep digestion Clean-up

- Lysis - Reduction

- Fractionation - Alkylation

- Depletion - Digestion

- Enrichment

- Precipitation/Purification

19



Cell lysis

- Choice of lysis buffer -

- Which pH?

« E.g. Tris, phosphate and HEPES - good buffering capacity around physiological pH conditions

Additive

Salt

Glycerol
Reducing agents
Detergents
Co-factors

Chelating agents

Example

NaCl, KCI, (NH,),SO,, ...

DTT, DTE, TCEP, B-mercaptoethanol

Tween20, Triton-X100, octylglucoside,
dodecylmaltoside, CHAPS, ...

Zn?*, Mg?*, GTP, ATP, NAD, ...

EDTA, EGTA

...plus (phospho)protease inhibitors, benzonase or Dnase...

Goal
Provide ionic strength
Protein stabilization

Reduce oxidation damage

For poorly soluble and
membrane(-associated) proteins

Protein stabilization

Reduce oxidation damage



Generating peptides from proteins

Problem: Many cleavage site are not accessible for proteases within the native protein...

Inaccessible sites with
Trypsin alone

h'd

Solution: Reduction and Alkylation @

-21-



Reduction and alkylation facilitates access to cleavage sites

Inaccessible sites with
Trypsin alone

Denaturierung

Denaturierung *

Active (functional) protein Denatured protein
e e

| 1 5 o G

S
Reduktion
Reduktion

SH
SH

Alkylierung
lodoacetamid
Chloroacetamid

S-@
S-@

Verdau ;

—K
—_—K
— R —
—R ™K
—R 22




Specificities of different endoproteinases

Typsin  ANAAR AN AR
K K
I
lysC  NANNLK NN ANNK
i
AspN S\ N\ND S \NN D S\
1l
o S NNEANANA E
V8/Glu-C (D) (D)
F _H; F
Chymotrypsin - AN Y AN AN Y
W W
(L, 1, V, M) (L, 1, V, M)
i
Arg-C  ANNLR /NN SN\/LR

-23-



Workflow: Digestion with trypsin — why??

* Relatively known and precise lysis behavior: C-ter from Kand L

» Generates mostly di-charged peptides (N-ter and R/K)

* Generate small peptides (0.5-3 kDa) = good for LC-MS

» But sometimes too small: 56% are<6 residues = not specific enough for protein ID
+ Can't result on 100% protein coverage (no single protease can)

NRRPCHSHTKECESAWKNRPCHSHTKKPCHSHTKKNRKVWKIPPFFW
X X X hd XX X X%

trypsin digest

) 4 ECESAWK KPCHSHTK I IPPFFW

RPCHSHTK NRPCHSHTK X RBWE

[David Gémez-Zepeda] https://unipept.ugent.be/clidocs/casestudies/tpa 4



Peptide clean-up prior to MS analysis

Desalting using C18 material LC-MS analysis

60% ACN

Peptides
\‘ 0.1% TFA
v

i\

MS
C1B
i
AR u
Salt 138.0549
; _ Desqlted SIS
e Contaminats  Peptides

406.2463

446.241
144.06- ' 6. 3

P
15
49
100 335.2083
y }\1 i
200 500 o0

589.2089 | 5793505

Ll o 1

+

E

"

!
WWW.Waters.Com e
www.globalspec.com



Peptide clean-up prior to MS analysis

Remaining buffer salts (or other impurities) from proteolytic digestion might impair subsequent MS analysis

(MCondition @Sample Load @Wash @Elution

Sorbent activation. I Target analytes Sample matrix is The target analytes

g ! washed out. have to be cleaned
oy Wy A } SGe MR and concentrated is
U U collected.
n ® 4]

https://www.glsciences.com/product/spe_columns/about_a_spe/01042.html -26-



Digestion protocols for bottom-up proteomic analyses

oo —
nature methods hiolo NATURE METHODS | ARTICLE ‘
Ultrasensitive proteome analysis using

Brief Communication | Published: 19 April 2009 paramagnetic bead #~-* search Advanced gearch
Universal sample preparation method for

proteome analysis M OLECU LAR
& C

| LAR
M P e CELLULA
( : e

i fo fo! | aIld
Home Articles Info ﬁversal, Rapld,
Techno\ogical \nnovation and Resources b
aration
ample Prep
?)etgrgen free Proto(

Cells, Tissue,
Bacteria, ...

Doellinger ) 1,202
Joer‘g & Calllar Proteorics J275% SPEED
Molecular
Sample Preparation
by Easy Extraction Acidification
and Digestion

Digestion Neutralisation 27




Digestion protocols for bottom-up proteomic analyses

Pubmed search “sample preparation + proteomics + mass spectrometry”: 2,365 hits

nature methods

Brief Communication | Published: 19 April 2009

Universal sample preparation method for
proteome analysis
Jacek R Wisniewski ™, Alexandre Zougman, Nagarjuna Nagaraj & Matthias Mann ™

Nature Methods 6, 359-362 (2009) | Download Citation &

Reduction,

- Alkylation,
Clean-up
Proteolytic Digest

Elution

Wiesniewski et al., Nat Methods 6, 359-362 (2009)

molecular
systems
biology
Ultrasensitive proteome analysis using

paramagnetic bead technology

Christopher S Hughes, Sophia Foehr, David A Garfield, Eileen E Furlong,
Lars M Steinmetz, Jeroen Krijgsveld

DOI 10.15252/msb.20145625 | Published online 30.10.2014
Molecular Systems Biology (2014) 10, 757

Cell Lysis
Cleanup

Digestion

Cleanup

>

Magnetic bead «: Peptides
Detergent Magnet
WV Protein

v MS Analysis

Hughes et al., Mol Sys Biol 10, 757 (2014)

NATURE METHODS | ARTICLE

Minimal, encapsulated proteomic-sample
processing applied to copy-number estimation in
eukaryotic cells

Nils A Kulak, Garwin Pichler, Igor Paron, Nagarjuna Nagaraj & Matthias Mann

itions | Contributions | Corresponding author

e Methods 11, 319-324 (2014) | doi:10.1038/nmeth.2834

..sl‘ N

Cap —

" (i) Lysis, denaturation,
reduction and alkylation

Reaction chamber
(i) Proteolytic digestion
Peptide clean-up or
barrier
| (iii) Elution

B

Kulak et al., Nat Methods 11, 319-324 (2014)

28



Digestion protocols for bottom-up proteomic analyses
- Comparison of three popular protocols for low input material -

=

HelLa lysate
Urea/iST lysis buffer

II \ '
1 :

P9 I FASP LC-MS

' |

I 2ug |

: I

' |

I Sug |

: I

' |

1 10 ug |

: I

' |

| 20 ug |

\

-20-



Digestion protocols for bottom-up proteomic analyses
- Comparison of three popular protocols for low input material -

No. of identified proteins

5,000+

4,000+

3,000

2,000

1,000+

Proteins

SP3

.

=
(o D

883

20 10 5 2 1 2 10 5 2 1

40,0001

20,000 1

No. of identified peptides

10,000

30,000 1m

Peptides
SP3

2 10 5 2 1

Hela protein amount [ug]

20pg

A
ave

] 2()“9_

20 105 2 1 20 105 2 1
HelLa protein amount [ug]

5 pg: iST protocol highest no. of identified

proteins/peptides
= 2pug-—1pg: SP3 and iST similar performance

-30-



Comparison of three popular protocols for low input material
- FACS sorted cells -

s TSl A 25,000 BMDMs
L - 40007 o ides . 25,000 80-: FASP L sP3 |
TGF-p ’ ° .
™ “/ o 2 O Proteins e 20000 & g
[ T ‘S 3,000 ’ b= c 60
! o
Macrophage  Tumor Cell g © 0o g =
Pyl 3 115,000 o &
v EGF _x £ 2,000 £ 2 40
(wnzp — AL g 110,000 3 g
\‘7 "\ > Cathepsins ‘)'TGF‘ﬁ f:’ , E _%
( 5 5 o
St \@ \CSF1 o 1,000 o % 204
VEGF @ »; z 15,000 = 5]
wat7g\ EGF(A @
\ N
\ \ A/ ‘/‘CSH 0- - L0 0 T T T T r T
\ | o FASP SP3 iST w/o N N w/o N N w/o N N
)| eerf
AN, @P
VEGF O,
| c
w B TAMs ® Peptides M1-like (FcR-mediated)
o 4,000+ W Proteins r25,000 phagocytosis
N 0 e, o, w” CXCL10 LIRS
§ 3,000 120,000 8 Arginase-1
@ 3,000 2
2 o Antigen
s 2 P protein Ym1
ki 15,000 3 (+ proteasome)
£ 2,000 £ MMGL  cpaog
% 10,000 g Macrophage scavenger
k] k] receptor types | and Il
5 1,000 s
b4 15,000 = Matrix TGF-beta-1
metalloproteases
04 Cathepsins M2-like
NOy and PoIIard, [mmum'ty 4 (2014) Biol. repl. 1 Biol. repl. 2 Biol. repl. 3

30,000 cells 22,000 cells 30,000 cells

+  SP3 combined with LC-IMS-MS allows the identification and quantification of around
3,000 proteins from TAMs isolated from murine tumors by FACS

Sielaff et al., J Proteome Res 16, 4060-4072 (2017)



Protein identification via mass spectrometry

Protein A

Protein B

.

Proteolytic digestion (trypsin) f~;>° ?’F?
Foxp3 | TF > P
| For " F ]
AVI-
(kDa) M Foxp3
250 —  p—

% Peptides
extracted
from Gel

— pieces

proteolytic

digestion _Gel
pieces
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Tryptic digestion

Asp-Ala-Gly-Arg-His-Cys-Lys-Trp-Lys-Ser-Glu-Asn-Leu-Ile-Arg-Thr-Tyr

J Trypsin, H20
Asp-Ala-Gly-Arg
His-Cys-Lys
Trp-Lys
Ser-Glu-Asn-Leu-Ile-Arg
T]:]]..'TFT

485 Da 378 Da 312 Da 536 Da 257 Da

33



Tandem mass spectrometry (MS/MS)

Goal: Sequence information of the peptide

- MS (MS1): m/z of the intact peptide
- MS/MS: fragmentation of the peptide into smaller ,pieces” to determine its primary structure

Select the precursor
to fragment

Fragment the ion
(ex: by collision)

MS/MS
Analyze the
source analyzer detector fragments
v \
collision

analyzer 2 detector
cell

34




Tandem mass spectrometry (MS/MS)

MS/MS:
The use of two mass analyzers (combined in one instrument, i.e.tandem mass spectrometer)
for ion isolation, fragmentation and fragment ion detection

lon mixture Isolated ion fragments

collision
cell

MS-2

VVVYY

Flugzeitanalysator
1

nanoUPLC

— ~— StepWave| Trap IMS  Transfer l TOF Analyzer

Ll

|

- £

1 1
Kollisionszelle

Ll

Massenanalysator
Quadrupol
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What is MS/MS?

[Glu1] - Fibrinopeptide B
EGVNDNEEGFFSAR

1. Analysis of the precursor ion(s) (m/z)

3luFib, sample fluidics
S141111_GFP 44 (0.761) Cm (44:66)

100+

GluFib, sample fluidics
S141111_GFP 27 (0.474) Cm (21:30)

M2+

2. Analysis of the fragment ions (m/z)

684.3461

1004
. 813.3956
Selection
. ——— -1 o, BOEE
786.8439 i 1056.4772
| 786. . 9424412
Fragmentatlon 175.1219 1057.4851 4285 5436
787 3461 2461607 3371548 627.3245 924_4333 1286.5458
’ i l 1287.5638
o 0 | )R PN C 4l R O 0 e I ll Ll xll
; ; . . . . , ’ . . , , ’ PRUVPRPITLS VERNTHN WP RS I VPRI R TSRS FRUE VRS 1 ] S ——
200 400 600 800 1000 1200 1400 / 200 400 600 800 1000 1200 1400
m/z

m/z
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Tryptic Digest
- Terminology -

g i
R R
Amino acid Residue (amino acid minus H,0)

N INLINE
—(|:—c—;~1\|1— —C—EN—C—'C-;FN--(ID—Cﬂ;—OH

R, | H Rs| | H|Ry

_ Peptide bond
Tetrapeptide

N-terminus C-terminus




|dentification of peptides by fragmentation

Fortunately, peptides fragment at predictable locations along the peptide backbone

41



|dentification of peptides by fragmentation

= Scheme of peptide fragmentation (nomenclature according to Roepstorff and Fohlmann)

= After separation by LC, peptide ions are selected and fragmented in the mass spectrometer

+
3y32‘0 i, |

R H
H;N——C——C l c’ (‘:—c H—(’:—COOH
I
a; bj b3
+ +
P T ]
b, HN—C—cC H,;N——C——C——N—C——C——N——C——COOH
1 ) (L A Ys
R1 O H R3 O H
+ +
H R2Z 0O | H R4 |
o, | l | ] ,
2 HSN—(’D—ﬁ—H—T—C H3N—(|3—T3|—H—(|3—COOH 2
R1 O H R3 O H

+ +
H R2 O H I R4 |
b3 HSN—({D—ﬁ—H—(::—U—H—(::—‘C H;N——C——COOH Vi
R1 O H R3 O H 42



How can we calculate the mass of a peptide?

HH G HQ  He o HgQ
HN—C—C+N—C—C—/—N C— COH + H'
R S R G S
R; 'H R H Rpsi ' H Ry
mass mass mass mass
1 + residue + residue + residue + residue + 16+1 + 1
1 2 n-1 n

- Mass of all AS residues plus water and proton(s)

43



|dentification of peptides by fragmentation

yl4

de novo Database
sequencing /E\C/V\N/D\N /E\E /G\F A:\S /A\R identification
yl3  yll
A-4—s F F G+—E E N D N v (185.91)—  yMax
684:59_:
100- X
Yo
e 81;7'67 **Remember,
’ y-ions read
y3
o] 1055.84 .
& 585,50 94276 o 1286.00 **Last y ion (y14)
814.68 Y8 1171(.)91 yi1 - peptide M+H*
16714 bys 24 4 1287.00
497.38 627.55 s
175.18 y5 740,55
v 1038:31 1173.92 | 1288.01
1454.14
o l | 1297.96 /

IR L L L L L L L L e ARl RN L L L L s e L e e ey e e e e naany sl Y 74
100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1 500 1600



|dentification of peptides by fragmentation

}’,3 ,Y? Y

R1O R20 R3 O R4 O

Atrophin-1 according to Roepstorff P, Fohiman J., Biomed Mass Spectrom 11, 601 (1984)
merty () SEJE[T[s[E[s[E[s[E[E2[s [A[R [K
Vo Y10 Y12
244,16 ¥8 1064.47 1360.53
848.40
b3 be(-08 Yo Y12(-08
s15) 346.12 55(7,35); 977.44 12_5(2.53
Vs Y11
Y4 gonhe 1193.52
yg | 40223 y7 13(-98)  yq3
315.20 bs(-08) 76137 137562 1473.60 b14-H20
P Y1-+H20 ‘ 528.23 1557.55
70, 06 120,08 ‘ I ‘ I ‘
4 ||| L | ” by AN ”II L n‘Iu .|!I|J.J.JI m I'.l...J'II L, A I:J Ll || i l'|IJ ! |.|IJ||IIuJI.'I| |||JJ||I' |||.'| | || ||II || |I Jl . ; : 2 = :
100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900

™ mfz
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|dentification of peptides by fragmentation

Atrophin-1
tmepeay () SEJE ifs[E[s[E[s[E[E[T[s[a[p [k
vy Y10 Y12
244.16 Y8 1064.47 1360.53
848.40
b3 b
6(-98) Y9 Y12(-98)
3151 346.12 657,98 977.44 1262.54
Vs Y11
Y4 goohe 1193.52
2,23 =
vz | 4022 ¥7 V13(-98)  yq3
315.20 bs(-98) 761.37 1375.62 1473.60 b14-H20
P Y1-H20 528.23 1557.55
70.06 | 129.08 I H |
} L l..‘ll.” R A Y .|| ”Vu " "." | L | AR A |:I L] iy IIIJ | J|||| il |IIJI. 1 I||.]| Ll |!|| Ll '.I i . 3 . s
100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900

Ton Match |
# | Immonium b b-H20 | bNH3 | b(24) Seq y y-H20 | y-NH3 y(24) | #
| 60.04 88.04 70.03 71.01 44,52 S 16
2 102.05 217.08 199.07 | 200.06 | 109.04 E 1731.68 | 1713.67 | 1714.66 | 866.34 | 15
3 102.06 346.12 | 328.12 | 329.10 | 173.56 € 1602.65 | 1584.63 | 1585.63 | 801.82 | 14
4 86.10 459.20 | 441.20 | 442.20 230.10 I 1473.60 | 1455.59 | 1456.57 | 737.30 | 13
5 140.01 626.21 | 608.20 | 609.18 | 313.60 |S(+79.97) | 1360.53 | 1342.50 | 1343.49 | 680.76 | 12
6 102.06 755.25 | 737.24 | 738.22 | 378.12 E 1193.52 | 1175.51 | 1176.52 | 597.26 | 11
7 60.04 842.28 | 824.27 | 825.26 | 421.64 S 1064.47 | 1046.46 | 1047.45 | 532.74 | 10
8 102.06 971.34 | 953.33 | 954.30 | 486.16 E 977.44 | 959.43 | 960.42 | 489.22 | 9
9 60.04 1058.36 | 1040.35 | 1041.33 | 529.68 S 848.40 | 830.41 | 831.37 | 42470 | 8
10 102.06 1187.40 | 1169.42 | 1170.37 | 594.20 E 761.37 | 743.36 | 744.34 | 381.17 | 7
11 102.06 1316.43 | 1298.43 | 1299.41 | 658.72 E 632,32 | 614.31 | 615.30 | 316.66 | 6
12 74.06 1417.49 | 1399.48 | 1400.46 | 709.24 T 503.28 | 485.27 | 486.26 | 252.13 5
13 60.04 1504.52 | 1486.51 | 1487.49 | 752.76 S 402,23 | 384.22 | 385.21 | 201.62 | 4
14 44.05 1575.57 | 1557.55 | 1558.53 | 788.28 A 315.20 | 297.19 | 298.18 158.10 | 3
15 70.06 1672.61 | 1654.60 | 1655.58 | 836.81 P 244,16 | 226.15 | 227.14 | 122,58 | 2
16 101.11 K 147.12 129.08 130.09 74.06 2|

46



Data dependent acquisition (DDA) via MS/MS

In MS survey mode
the Quadrupole
passes all ions
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Data dependent acquisition (DDA) via MS/MS

gl A pd M1
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Data dependent acquisition (DDA) via MS/MS

Precursor
@ selected and

‘ / fragmented
MS 1 MS 2
[ | — | ] S

o | — 2
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Data dependent acquisition (DDA) via MS/MS

MS 1

MsS 2
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|dentification of peptides by MS/MS and database search
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|dentification of peptides by MS/MS and database search
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entification of peptides by MS/MS and database search
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|[dentification of proteins by means of detected peptides
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ws - Comparison of fragment ion spectra
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What information does botftom-up proteome analysis provide?
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- Up to 5,000-10,000 proteins are identified per measurement

Protein X

- Differentiation between different samples




What information does bottom-up proteome analysis provide?
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Introduction to Proteomics

= What is proteomics? And why do we do this? Ml,)flg e

| s
» Mass spectrometry-based proteomics
- Sample preparation

- Protein Identification — ,from mass spectrum to protein®

- Acquisition modes

Ec)
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LC-MS analysis of complex proteomic samples

M210414_001_Slot1-1_1_1617.d
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Data dependent acquistion, DDA

- Selection of analytics based on your intensity

Step 1: Detection of precursor ions (intact peptides)
Step 2: Fragmentation of the most abundant precursor

Step 3: Fragmentation of the second most abundant precursor

Stepn: ... P
®
Ms 1 Ms 2
oc—/0
—e=. e 1) ®
[ | —

MS

MS?
#1

MS?



Data dependent acquistion
- DDA -

a Data-dependent acquisition

120 f

[oed
o

IS
<)

Retention time (min)

Il Sinitcyn P, et al. 2018.
A58 Annu. Rev. Biomed. Data Sci. 1:207-34

stochastic/biased
Easy mapping of
precursor and fragment ions



Data dependent acquistion
- DDA -

Data-Dependent Acquisition
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Pappireddi et al. ChemBioChem. 2019;20(10):1210-1224.



Data-independent acquistion, DIA

Step 1: Detection of precursor ions (intact peptides)

Step 2: Parallel fragmentation of multiple or all precursors
° MS
@
MmS 1 mS 2 ’
e | e
€ |75 o |D)| oo n
o [ e

v

il | ™




Different modes of acquisition
- Summary -

a Data-dependent acquisition b Data-independent acquisition C Targeted
il i B
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Il Sinitcyn P, et al. 2018.
A58 Annu. Rev. Biomed. Data Sci. 1:207-34
stochastic/biased unbiased
Easy mapping of complex fragment ion spectra

precursor and fragment ions data processing challenging



Data Dependent Acquisition (DDA) vs Data Independent Acquisition (DIA)

>

lon count
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Retention time

lon count

Data-Dependent Acquisition

MS1 D

! ‘.l . \‘M I
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Pappireddi et al. ChemBioChem. 2019;20(10):1210-1224.
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Data-Independent Acquisition
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- Peptide 3 bly ions

AN

MS1 scans
MS2 scans

m/z

lon count

lon Count

64



Data Independent Acquisition (DIA)

A
1 x MS1 scan:
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*  Fragment everything within the wide window (e.g. 25 m/z vs <=1 m/zin DDA)
* Non-biased by precursor selection
* Generates chimeric MS2 spectra, harder to deconvolute than DDA fragment ion spectra
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Deconvolution of DIA fragment ion spectra
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lon mobility as additional dimension of separation

Heatmap - G210417_001_Slot1-5_1_1450.d: +MS, 0.0-120,0 min 1-67463
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lon mobility as additional dimension of separation

- DIA — PASEF -

Meier F. et al.. Nature Methods. 2020
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Different modes of acquisition
- Summary DDA vs DIA -

[Gomez-Zepeda]

Data independent acquisition-
based SWATH-MS

Data-dependent acquisition
(DDA)

Ease of data acquisition

Ease of data analysis

Breadth of protein and
peptide detection/multiplexing

Selectivity/sensitivity/dynamic
quantification range

Reproducibility/data consistency

Retrospective targeting (using
chromatogram extraction)

*k

Easy, requires definition of mass range
to cover, precursor isolation window
width and number of MS2 scans

per cycle

Fkk

10,000s of peptides per MS injection
quantifiable

*%

4 orders of magnitude per MS injection

Kkk
High, due to peptide-centric
scoring analysis

*kk

Possible on MS1 and MS2 level

*kk

Easiest, default setup on most
mass spectrometers, requires
definition of TopN method, MS2
trigger threshold and dynamic
exclusion time

*kKk

Currently easiest, multitude of
pipelines available

*kk

10,000s of peptides per MS
injection quantifiable

*%

4 orders of magnitude per
MS injection

*

Low, due to stochastic
sampling in DDA

*%

Possible on MS1 level only

*Least optimal performance.
**Medium performance.
***Best performance.

(Ludwig et al. 2018)

DIA

N

DDA



What should | know now?

What is a proteome/proteomics?

How can we analyse proteins using mass spectrometry?

What are the challenges when analysing a proteome?

What are the steps when preparing a sample for bottom-up proteomics analysis?

How do we derive peptide sequence information from a mass spectrum?



Questions??

The proteome

The blind men and the elephant

PM Daigneault, Methodological Innovations Online 28(2):82-89; DOI:10.4256/mio0.2013.015



