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Proteomics In broad sense
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highthroughput protein production and crystallization

Mass spectrometry based proteomics




Workflow of I\/ISbased proteomics
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Studying targets
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Sample preparation is critical for proteomic analys

[Protein extractiorﬂ

[ Protein digestion]

Protein/peptide
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Mass spectrometry is the basis of proteomit
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Pros and Cons of Different Analyzer

Accuracy Resolution Sensitivity Dynamic
Range

FTICR 1 ppm High High
Orbitrap Sppm High Low High
TOF 50 ppm Medium Medium Medium
Quadrupole  500ppm Low High Low
lon trap 500ppm Low High Low
ESI source Linear ion trap C-trap
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Hybrid instrument Orbitrap




Tandem mass spectrometer

Tandem in space

Collision Cell
lon Source Mass ’®\ Mass Detector
Analyzer Analyzer
e.g. QQQ, JgOF, TOFOF
Tandem In time
lon Source Mass Detector
Analyzer

e.g. ion trap, LTQ, HCRorbitrap




Peptide fragmentation and nomenclature

Low energy collision
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MS data interpretation

Isotopic Cluster

Monoisotopic mass 5803 54
o Ayverage mass 5807 56
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MS data- an example

Precursor ion mass

Precursor ion charge state  sample information

136 BEGIN ICHZ

Retention time

§/M5 of 452.2654297 24 at 42.8351 wi!

Total lon Current / Base Peak Current LR
RT: 0.00- 180.00 ﬂ mlnzm histone £1-18 07.d

HL:
100 6.23E7 141

Base Peak
Ms
G1P1_SEX
072

72, 0623645596728
1428143, 113095482123
14171, 106611140236
1448175, 111374518238

Fragment Ion m/Z 1450225, 126271608374

1468267, 142 672695745

i o 147, na05a0s58581f) 10.75 F'agment ion intenSity
o Ledb29. 599524740423 15.125

L4377, 225510656446
L50M475. 246760204468
1518479, 285027238547
L5577, 325015103332
716, 414512154376
. 41450516912
. 4319752502 65

ENDICHS
157 BEGIN ICH3
158 PEPNASS=452.2654297

42 k
12.88 16.55 288 ™
o 1855 2867 I
159 CHARGE=2+

= T 160 TITLE=200910234L histone £1-18_07.d, NS/NS of 452.2654297 2+ at 42.86635 mins
161 RTINSECOHDS=2572.017

162 72.0848970621086  52.78241

163 129, 103543720463 18.2

164 143, 11634605971 63,125

165 143, 185537068926 16.68056
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Search Engine

Sequest
Mascot http://fields.scripps.edu/

. . Yates Lab
http://www.matrixscience.com/ T Seese Wesaeroh et

Home Software Download

publications | Wiki = Bart | Public projects | Members = Hall of fame | Gallery | Links | LIINCC

triz Science ndows Internet Ezplorer
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Tandem mass spectrometry is a
powerful technique for
characterizing a proteome. Our
group relies upon the detailed
information yielded by the mass
spectrometer to identify proteins
from complex mixtures. We draw
upon biology, chemistry, and
Mascot Search computer science to increase the
scope, sensitivity, and throughput
of technologies for practical

{ MA TR{A}
SCIENCE. HOME | WHAT'S NEW | MASCOT {HELP | PRODUCTS | SUPPORT { TRAININ

+ Peptide Mass Fingerprint: The experimental data are a list of peptide mass values from an
m protein. proteomics.

Maszot Overvizu  Example of results report John Yates III

T e 2 More information Biologists provide the questions that drive our research. By identifying complexes that are poorly understood or PROFESSOR
reference organism-wide issues that require further exploration, we find a wealth of problems in biology that are tractable CHEMICAL PHYSIOLOGY
Datafile format « Sequence Query: One or more peptide mass values associated with information such as pa only through proteomic strategies.
= — sequence strings, amino acid composition information, MS/MS fragment ion masses, etc. A st TSRI - 2000
coring algorithm query.

Example of results report
More information

e XLY akKz2Nuz {9v]

e + MS/MS Ton Search: Identification based on raw MS/MS data from one or more peptides.

9{ ¢ LISNF2NNXa | dzi2
Do s 2 Wgomston " 4SljdzSyYyOAy3a GAl RFEGFoFaS &Sk NOKAY

Results format o

Quantitation

Search Form Defaults: Follow this link to save your preferred search form defaults as a browser ¢
User Meeting
Presentations

Thermo

Help Topic Index S:Cd EENTL FI'E

Unimod

Useful Links

T —— Straightforward search
User friendly interpretation



Search mechanism
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Significant identification

Sequest

Mascot

Probability based scoring a two-tiered scoring scheme
1. the preliminary score (Sp), is an empirically derived score
that restricts the number of sequences analyzed in the
correlation analysis.

Compute the probability that the observed
match between the experimental data and
mass values calculated from a candidate
peptide sequence is a random event.

The correct match has a very low probability. 2. XCorrns independent of database size and reflects the

guality of the match between spectrum and sequence,
whereasn / ig database dependent and reflects the quality

Jorm Sl —I0LeE L [P i of the match relative to near misses.

(p : prosibilitythreshold, N: database entries

f the precursor ion i ' i i
of the precursor ions ) 3. normalizeXCorrfor spectral noise and peptide size

NT NT

FDR: :
target/Reversed NT + NR FPR: NT + 2 X NR

NT: Number of peptide in target database
NR: Number of peptide in reversed database



Qualitative and Quantitative Proteomics

Qualitative Quantitative

proteomics proteomics

Protein identifications Biomarker
PTM analysis Protein dynamics
Protein interaction partners



Quantitative approaches

Metabolic labeling Chemical labeling Spiked peptides Labe! free

AN DETE T

Purification or
fractionation

Protein

MSda | jj
.le,wlhu-enw

I 0 |
| I I § K
5N, SILAC ICATITRAQ

BantschefM. et al. AnaBioanalChem(2007) 389:101-1031

Data analysis I :




Labeling reagents

SILAC: 2H,-Lys'3G*N,-Lys,
13C‘6_Arg ’ 13%15N4_Arg

Mann M. MCP 2002

ICAT: i
. eibi” M o
H H :
isg-““\/\)\w Linker AebersoldR. NatBiotechnol 1999
0
Affinity Tag L.AO/\/ ~""o l
HN
|
a)@= CD, 1 ~No
b)@= CH, Reactive
group

iTRAQ A ol B

Amine specific peptide

1 |
1 I
Reporter Group mass ] reactive group (NHS) : : n H
14117 Relains Charge) | & T O g NEE PappinD.J. MCP, 2004
g X 9 o
1 1 SN N 1o |
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I 1
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N 1 0
. Z
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‘—Y—J o
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miz117 (+4) 13C, N (+0)



SI LACstabIe Isotopic labeling of amino acid in cell culture

d Adaptation phase . . b  Experiment phase
Starting culture in DMEM
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How to analyze long list of protein?
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Proteins

TPIO0130158
TPIN0315841
TPIO0321587
IPIOOLETTED
TPIO0118384
IPIOO1E1TER
TPIO0315841
TPIOOLI1E3TT
TPIONZ25845
IPIO0B0E59E
IPIO03ZE0Z2E0
TPIO0119313
IPIO04ET

a0l

TORE0NES

TOEE12563
IPI00462072
IPI00315488
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IPT00331345
IPT00152276
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IPIO0E11ET3
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IPT00457841
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TRTNMR021 2

222140
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2327300
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27
0

3
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228080
311260

TB390
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260570
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QOCARN

X
X

Intensity Intensity

290730
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674280
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3942000
546690
2159900
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tats)
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Bioinformatics for qualitative proteomics

Identified peptide inventory
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Inferred Proteins
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Analysis on peptide level \ /
Analysis on protein level

~L<:»g1 OP
—= s

PHD-finger [N
ATPase family _

Bromodomain

]
SAP domain [l ©
[ E—

PWWP domain

Response

R RS SRR o I Zinc finger, C2H2 type
’ = SRS o5 19% 3 EEN KRA3box
S eeee— Treh :
— e © R 5 "”‘ s : =) I Homeobox domain
NN ) e Physiochemical Geqe Qnto{ogy
B = = A 28 : Distribution -Log, P
—=- e ] = g properties 5
Novel genes and exons p TR E TR e PFAM domain enrichment  Network mapping

Motif analysis

ChanchaKumar & Matthias Mann. FEBS Letters 583 (2009) dI/a



Bioinformatics for quantitative proteomics

A. Quantitative gene expression
at mRNA and protein level
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Useful bioinformatics tools

alitative analysis: BINGO

Biological analysis: KEGG

Eypip Encyclopedin of

A

Quantitative analysis: CLUSTER
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Tool 1---Bingo

F & Cytoscape Desktop (New Session)

fl File Edit View Select Layout BIEEEL

Manage Plugins

Update Flugins [

Control Panel

o Wetwork | viMapper® | £di tor | Fi

Hetwork Hodes

Merge networks
Edges

Data Pa

H ]

Hode At
Right-click + dr

Welcome to Cytoscape 2.6.0

BiNGO Settings

rBiNGO settings

M=l

Cluster name:

[OGet Cluster from Hetwork

[Fazte Genez from Text

4 |

[ Overreprezentation

[ Vizualization
Select a statistical test:

Do wou want to aszesz over— or underrepresentation:

[JUnderreprezentation

[OHo Vizualizatioen

|]'[y1:-ergeometric test

Select a multiple testing correction:

|Benjam:i.n:i. # Hochberg Falze Dizcovery Rate (FOR) correction

Choose a significance lewel:

0,05

Select the categories to be wisnalized:

|Dverrepresented categories after correction

Select reference set:

|Test cluster wersus whole annotation

Select ontology:

| G0 Biological Process

Select organism/annotation:

|Saccharomyces cereviziae

Dizcard the following evidence codes:

[OCheck box for zaving Data

Save BiHGD Data file. ..

[ Start BilGO

Qualitative analysis of overrepresented groups

EntrezGene
/

Biological Process
Cellular Component
Molecular Function

[ Control database




Result display of Bingo

|50, Mus musculus, default, G0, process| | close

GO-ID | Description pval corr p... cluster ... total freg genes

E45T protein folding . BEEOE-14 |4. 4140F-11 |13/73 17.8% (129714186 ... 14208 12465 12465 12468 BTT33 12464 83015 15505 15510 12462 12461 15519 15526
G091 generation of precursor metabolites and energy C916TE-10 |1, 2435F-T7 |11/7T3 15.0% [159/14186 ... [15432 17445 15645 353371 12974 18597 20856 23030 1TSS 11674 11946

44237 jcellular metabolic process .TST4E-9 |6 3625E-T |53/T3 T2 8% |S4T3/14166... [SB095 103963 1TRSS 11874 22273 72416 17658 233870 17217 58865 17216 17215 18343
a152 metsbolic process . 8055E-8 |1.8515F-6 |S5/T3 7TS. 3% [B0S7/14166... |SB095 103263 11877 1TGES 11674 22273 T2416 1TR33 233870 17217 58385 17216 17215,
B263 DHA-dependent DHA replication .8224E-8 |1.8515E-B  |B/T3 5.2% 3414186 ... |1TBB3 17220 17217 17216 17215 17685

B2T0 IDN)X replication initiation 0186E-8 0981F-A  |4/73 5 4% 914166 0.0% 17220 17217 17216 17215

44235 Iprimary metabolic process . 4029E-8 |6, 0981FE-6 |S0/7T3 68. 4% [S333/14166... |56095 103963 1TRGS 11674 22273 72416 1TRGS 233370 17217 17218 17215 18645 ATOO3.
5259 IDNA metabolic process .30584E-T |5.3084E-8 |12/73 16. 4% (33614166 ... |1TRGS 17220 17217 20174 17216 15270 17215 65240 21973 20856 S6505 1T6ES

43170 lnacromolecule metsbolic process C0399E-T |1, T158F-5  |44/73 B0.2% [4433/141686... 15270 58095 B3240 103983 21849 1TGES 11674 22273 1TSS T2416 15505 17220 1217 .
G260 IDNA replication J5911E-6 |2 3323F-4 |T/T3 9. 130/14166 ... |ITE3S 17220 17217 17216 17215 63240 17685

32392 IDNA geometric change L21TRE-6  |2.8204E-4 [3/73 4. 5/14186 0.0% 17220 17217 17216

E268 IDNA unwinding during replication L21TRE-6 |2 8204E-4 |3/73 4. 314166 0.0% 17220 17217 17216

32508 IDNA duplex unwinding (21TBE-6 |2 8204E-4 |3/73 4. 5141866 0.0%|17T220 17217 17216

E310 T4 recombinatian 0540E-5 4531F-4 |5/73 B5/14166 1TRES 20174 15270 SRS0S 1TRES

6096 glycolysis J2411E-5 |2 T910E-3  |4/73 5. 4514186 ... |1T448 18A48 18597 11674

BO0T glucoze catabolic process LGTO1E-4 |4.4311E-3 |4/73 5. 53714166 ... |1T445 18648 18597 11674

Select ALl Tnzelect ALl Select nodes

& Cytoscape Desktop (Ki

o

File Edit Vier Select Layout Plugins Help

EEARAQB BB [ | B

Control Panel B [

‘ e Wetwork | Vi dhepper® | Bditor | Filters

Hetwork Hodes Edges

rgtl.l Color Scale E':JE'

< 5. 00E-T

Data Panel

0

(o |

Node Attributs Browser |Edge Attribute Browser | Network Attribute Browser
Helcome to Cytoscape 2.6.0 Right-click + draz to Z0OM Middle-click + draz to BAN




Tool 2--- Cluster

APPLICATIONS NOTE

Vol 18 no. 1 2002
Pages 207-208

-"":EZGene Cluster 3.0

BEX
£ John Quackenbush? and
*

File Help
File loaded
Job name
D ata set has IR
Columnz

—| FitterData | Adjust Data | Hisrarchical k-Means] SDMS] PCA& ]

Filter Genes
™ % Present >= 80
™ 5D [Gene Yector) 20

[ Atleast 1
[~ Masal - Miral >= 20

Apply Filker

observations with abs(wal] »= 20

Genesis: cluster analysis of microarray data

Fnaineering, Graz University of Technology, Krenngasse 37,
¥ The Institute for Genomic Research, Rockville, MD 20850,

bvised on August 21, 2000; accepted on September 5, 2000




