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Bottom-up Approach in Proteomics
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Peptide identification
Database Search

In Silico
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Limitations of Bottom-up Approach

» Protein level information is inherently lost

- Proteins are quantified indirectly, their ratios are inferred
from peptides after digestion.

- Protein isoforms impose a problem to protein identification
and quantitation. Close /nspection of data on peptide level

is required.
Peptide mixture
1 . ————————
peptide mixture separation
MS5/MS sequencing

\J
MS/ Mﬂlspectra
peptide identification l l l
\J

Peptide sequences AEMK GAGGLR HYFEDR
I

peptide grouping

v
Implicated database

proteins
1
protein inference

¥
Identified proteins
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Before you start: Experimental design

What do you want to quantify?
> One protein you know or as many as possible?

- What do you know about the proteins and the sample? Do
ichment?

you expe

How prec sults?

- What is t you expect
major ch ent?

- How man anh you
validate t hod?

Bear in mi lex task,

there is no si'mpl_e solution. Not all quant. approaches
may be suitable in your case.




Experimental design: ST
Choosing your quantitation AECElS
method o SN

» Sample type
> Cell culture vs. tissue sample

- Complexity of the sample and variation in protein
abundancy

» Sample preparation prior to LC-MS/MS
> Clean-up and enrichments strategies
- sample loss (use of internal STD), but removal of interference

» Shotgun or targeted analysis

> Large scale screening of up- or down-regulated proteins or
biomarker confirmation

mmm) Application of label or label-free
techniques
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MS quantitation in proteomics

Often only relative determination of quantity
Based on peak heights or areas

Quantity of a protein can be defined by peaks from
- Precursor peptide(s) m/z (MS level)
- Fragment peptide ion(s) m/z (MS/MS level)

Labelling techniques

- A mass tag (label) is introduced into the protein or peptide.
Compared samples are mixed together and analyzed. The
introduced mass shift enables relative quantitation.

Label-free techniques

- The mass of the protein or peptide remains unchanged,
samples are analysed separately.

v

v

v

v

v




MS quantitation in proteomics

» Protein abundance
and sample complexity
affect quantitation vyield

MNumber of Proteins

» Data dependent acquisition (DDA) - usually
optimized for protein identification not
quantitation
- Multiple injections of the same sample may result in

partly different peptide identification lists
> Only most intense peaks are subjected to MS/MS
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Labelling techniques

» Stable isotopes

- Differential mass labels
Heavy: 13C, >N, 180, 2H
Light: 12C, 14N, 160, 'H
o Introduction of single elements
- Trypsin digestion in H,'80
- 15N labelling of cell cultures

o Introduction of compounds labelled by multiple heavy
Isotopes
- Stable isotope labelling of amino acids in cell culture (SILAC)
- Isobaric tag for relative and absolute quantitation (iTRAQ)
» Presumptions

- Equal behavior under chromatographic conditions -
corresponding H/L labeled peptides elute at the same time

« Equal MS sampling probability of the isotopes during their
elution window




Labelling techniques

» Metabolical » Chemical
- Eg. SILAC - Eg. Dimethyl labelling
[ Metabolic labelingﬂ [ Protein labeling 1 Peptide labeling I

| o (o ?
"-. .-'I /
\ / [ o 4

‘ Combine ‘
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Stable isotope labelling by amino acids in cell culture

Metabolic Labelling - SILAC gy

» Cell culture is grown on a medium containing either
only heavy or light AAs (Arg, Lys) - auxotrophy required

» After at least 5 cell cycles a nearly full incorporation of
the heavy AAs is achieved

» Labelled AAs are used as protein building blocks

> Influence of sample Control Perturbed
State A (Light *) State B (Heavy %)

preparation variations 9 e

on quantitation
. . . Mix cells/lysate
results is eliminated \ o /

Optional protein or peptide fractionation

- Label incorporation ArANZS Lampie wilh shase Spackromeky
needs to be monitored

* Intensity of MS signals between
light and heavy peptides give
relative protein abundance
between cell states A and B

Intensity

m/z
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SILAC Application Example
» Rhomboid protease

» Responsible for cleavage of — c;;;;;,e;q;;;;sv;;;:?
substrates in or near their RO R e e T o gl R0
transmembrane region ‘ |
hereby releasing their N-
terminal part into the

extracellular space.

Membrane
A

» Quantitative comparison of
secretomes in cell cultures
containing active rhomboid
and inactive mutant to
identify substrates.

Intensity

Glycoprotein ennichment

miz

Y .
Digestion with trypsin Candidate substrates

Single TMD, low HIL ratio
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SILAC Incorporation

» First step: Incorporation level of heavy AAs
(13C >N Arg, Lys) into the cell culture proteins

> LC-MS/MS guantitation result of a selected protein from a heavy labeled
cell culture

Proteins Detected Results are not bias
N |unused| Total | % Cov | Accessio... Name Species | Peptides(95%) HiL Biologi Functi PANTHER ID . .
1| 8547 8547| 820| W|GTRM... | Elongationfactor TuOS=Escherichia cal (stain... | ECOC 76 35,3980 P rote I n S e I e Ct I O n
2 2815 2815 259/ tr|B6HZX. Beta-galactosidase OS=Escherichia coli (strain ECOSE 16 0.0100

Peptide Quantitation

Used * | Annotation | Conf A Modifications | Cleavages | AMass | Theor m/z| Theorz 2 HiL
auto 99| AFDQIDNAPEEK 0.0091| ©88.5201 2] 1.1.1.6768.4 29.2134

auto 99| AFDQIDNAFEEK Label:13C(8)18M(2)(K) 0.0070| ©92.8271 2] 1.1.1.6765.4 28.2134 : :
e eptide selection

auto 88| AFDQIDNAPEEK Label:13C(8)18M{2)({K) 0.0070| 6928271 2| 111576686 282134
@12

auto 99| RFDQIDNAPEEK Label:13C(8)16N(2 (K} 0.0070| 692.8271 211167675 782134
@12

Peptide Quantitation Information

1.4e4 ligh heavy|s
692.8308

H/L ratio = 35 i.e.
incorporation
level 97 %

583.8333

6943327
-

892.3273

682.3508 6885249 - 5043243
690.6613 EBB.EHD\ 700.8236 ’7D1.8252 7048033

1
0,060 L A T i i drtr U b T U O GOSN i N e | | o Y0 et T MO IR v ot I e D e S e Sl S P i
677 678 673 680 681 632 633 634 885 636 687 683 680 600 691 692 603 694 605 695 607 688 698 700 701 702 703 704 705 706 707 OB 709 710 THM
miz, Da




SILAC

» Samples are combined » Auxotrophy for Lys,

early in experiment - Arg
accounts for any » Easily applicable only
sample losses to cell cultures
» Suited also when » Metabolic conversion
extensive sample of Arg to Pro
preparation is required > Limited multiplexing
» Both shotgun and » Expensive
targeted approach
possible
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Chemical labelling

» The label is introduced in vitro
» Performed on protein or peptide level

» Cysteine labelling techniques
- |CAT (Iso;ope Coded Affinity Tag)

0

lodoacetyl
Y MH

[sulfhydryl-reactive group) HN
1
H H
|/\|‘/”WG%UWUWN 8
0

0
L Il |

Linker region {heavy or light} Biotin

» Primary amine labelling techniques

- Dimethyl labelling
- iTRAQ (AB Sciex), TMT (Thermo)
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Dimethyl Labelling
Reaction of N-termini and %\,ﬁ %\@ &%\@,

e-amino group of lysine with
formaldehyde followed by a | l |
reduction with sodium 5 B Ty

‘light” ‘intermediate’ ‘heavy’

cyanoborohydride V

)-L Mix peptides

CH,
R—NH, H A R w
NaBH,CN “CH,
0
a0 Do N/CHDE l
_ b b _
2 NaBHSCN \CHDE MS analysis
T
13
C
D/ \D ‘I/SCDS ‘ ‘
R=NR, NaBD.CN T w1
3 136[}3 i

alox protein quantification based on stable isotope labelling by peptide dimethylation applied to
cell and tissue lysates. Proteomics. 8, 2008, pp. 4624-4632.



Dimethyl labelling

» Cheap and easily » Other primary amines
accessible reagents may react with

» Reaction formaldehyde - avoid
- Fast Tris, Am. Bic, use TEAB

- In solution after digestion  » All steps prior mixing
of samples may

influence your results -
optimisation required




iTRAQ

Isobaric tag for relative and absolute quantitation

» Reaction with primary
amines

» Isobaric tag 145 Da = |/\”/\[r o
Reporter group + f"\) 0

balance group (both & |
variable heavy/light heporterGroup  Balance Group. Pepide Reacive Group

L ¥
A

isotope composition) jscbark Tag




iTRAQ

» Tagged peptides ® ® @® @
v

are isobaric ! I} Il
) Ratiost Of_ ik I ST AT
reporter ions — I
determined after — . —
pe pt'de Combine labeled digests ;{_}Q
fragmentation |
» Reporter ions ety '
represent e e aTos
peptide levels . |
from diff. exp. z
conditions ‘ ‘
Ll




iTRAQ

» Cheaper than SILAC » Other primary amines
» Reaction may react with
- Fast formaldehyde - avoid
> In solution after digestion Tris, Am. Bic, use TEAB
» Less complex MS » All steps prior mixing
spectra: Isobaric of samples may
peptides influence your results -
» Quantitation at MS/MS optimisation required

level - more specific
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Label-free techniques

aMay require special MS instrumentation but

nho labels

2 MS or MS/MS based quantitation possible

Quantification based on
spectral counting and
concomitant identification

LE-BIS/MAS analysis

:
]
il |‘| R
mje
State A

| LC-BS/ S analysis =
:'. | 3 E
AR
Peptide mixture | | .
mfz

(MS/MS)
Peptide rﬁixture

Quantification based on
peptide-ion intensity {MS)
and subsequent
identification (MS/MS)
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Selected Reaction Monitoring (SRM)

» Targeted approach
> Precursor selection (Peptide m/z) Q1
> Fragmentation in the collision cell Q2
- Fragment ion scan (Peptide fragment m/z) Q3
- Quantitation

Q1 Q2 Q3
1 2 3
Fepides| ————  LCSRM ‘ EHE S
) \ > TargetedLC-MS/MS ‘ _— Q;:’;T;i:gg“
Elution time
¢  Precursor m/z
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SRM principle

AELr- s Ao Ul - JAEEEH®
— @ IDA Survey from JD1 wiff (sample 1) - JD1
@ 1DA Dependent Sum from JD1.wiff (sample 1) - JD1

Chromatogram - choice of*~

28eT 52,015 . . .
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r Py
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2
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SWATH - MS/MSALE Acquisition

» Precursor selection
window (in SRM single
m/z)

» Fragmentation in the
collision cell

» MS/MS scan of
fragments originating
from all precursors
from the selection
window

TripleTOF 5600
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SWATH Result Example

mAEES® DBAEL - e -lasril- FAEEE®
- - @ TIC from LYS_0_120minSWATH wiff (sample 1)- LYS. 0 +
= - Yo * 3avo Sossion | @ TIC from LYS_1_120minSWATH wiff (sample 1) - LYS_1 -
STy ) el i @ TIC from LYS_2_120minSWATH wiff (sample 1) - LYS_2 ‘ h ro r r l ato g rar r | 2
Mumber Of Peptides: | 100 Nunberonmmiuans:\_sl o
Filter By )
Pepiide Confidence: | 99 Exciude Modificaions [] Exclude Shared 287 Of C O I I I pa re d
26e7 4507 1
i Texi Search: 2467
S 7 = samples
B[N Accession Name 22e] 6294
1 splSO1IAVEXST Rechame: Fu-GCPIl 1 radek e Avitag - na K v sekvenci kiew je jeden biotin a TEV cleavage sequence OS=Homo sapiens 2067
. . . 1867
=
Protein and peptide selection §
|
E a7
12¢7
Peptides 1.0e7
Peptide Sequence Charge | Confidence = RT (min) = Parent miz il
[7] LGSGNDFEVFFQR 2 93 sagy 75837 B.0e6
AFIDPLGLPDRRFYR 3 99 5@ 52 ——
MGGSAPPDSSWR 2 95 685 6428 ety ; 10082
0.0e0 :
] TVOAAAETLSEVA 2 s s esnll 10 2 30 @ 50 ] 70 20 %0 100 110
Time, min
ik e-vihe il - GOEEES® Bl t sxhe e I AEDE®
— @XIC from LYS_0_120minSWATH wiff (sample 1) - LYS_0, Experiment 6, +TOF MS"2 of 583.8 to 606.1: 665,867 +- 0.025 Da, y11(2) + | - @ SpectrumfromLYS_0_120minSWATH wiff (sample 1) - LYS_0. Experiment 6, +TOF MS"2 of 5838 10 606.1 from 54 742 min +
@2IC from LYS_D_120minSWATH.viff (sample 1) - LY5_0, Experiment 6, +TOF M52 of 5338 to 606.1: 779.922 +- 0.025 Da, y13(2) — | @AFIDPLGLFDRRFYR iz
@ XIC from LYS_0_120minSWATH wif (sample 1) - LYS_0, Experiment 6, <TOF MS"2 of 5838 to 606.1: 723,380 +- 0.025 Da, y12(2) & i 2
@ XIC from LYS_0_120minSWATH.wiff (sample 1) - LYS_0, Experiment 6, +TOF MS"2 of 583.8 to 606. 404 +/- 0.025 Da, y5(1) 120.0801
@XIC from LYS_0_120minSWATH wif (sample 1) - LYS_0, Experimant 6, <TOF MS"2 of 5838 to 606.1: 617,341 +- 0.025 Da, y10(2) 200 M S / M S
B4 77 1100
C ' spectrum o
o X peptid pect
(0) eptide % e
3000 1 & t h t . d
fragmentation e peptide
o ] . 2191125
=] I O n S z 500 2441649 ]
E Sample
g W 31655 sapomes 5936
= - 7714078
1500 931.5519 9984557
200 8464813 s L e
100 11128417 seall | 14136379 15066385
1000 12906637 I
0 = G o
-100 .
Spectral library
el e S | -300
58 5 200 30 400 500 600 700 800 SO0 1000 1100 1200 1300 1400 1500 1600 1700 1800 1300

Time. min

Mass/Charge, Da

Data export to a statistical
program to perform quantitation



SWATH

» Enables quantititation » Large and complex
of previously not data files
considered proteins

» Simplifies SRM method  » Spectral library needs

development - choice to be generated in a
of precursor ions is separate acquisition
less elaborate run
» Internal standards
required
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Summary

High Accuracy High Accuracy
Low Precision High Precision

» Accuracy » Precision/
Reproducibility

biological and technical replicates
Randomize

Search engines, quantitation programs

statistical tests




Summary of methods

» More expensive » Cheaper

» Combing samples » Samples analyzed
increases complexity separately - unlimited
but accounts for any multiplexing, but
sample losses increased analysis time

» Combined samples are * Reproducible sample
treated the same preparation is required

» Extensive validation is
recommended



Thank you
for your attention
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