Introduction to Proteomics



Proteomics vs
Genomics

Samegenome
but different
proteome




Proteomics: definition
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complement in a given cell, tissue or organism. Proteomics also
assesses activities, structure, orientation, modifications, localizati
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Omics technigues

DNA RNA Proteins Metabolites
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Omics techniques
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/ Proteomicsand Metabolomicsare \

important in disease diagnostics and in
characterization and screening of
organisms. Moreover, both are
connected in many aspects of cell
biology, especially in cedlgnalling
protein degradation and generation and

\ posttranslational modification /




Proteomics vs Genomics. Why proteomics?

A Genomics is the study thfe entire set of genes in the genome of a, @it proteomics is the
study ofthe entire set of proteins produced by the c&enomics has been instrumental in
helping scientists and researchers understandithhebetween diseases and genehile
Proteomics can do the same, but at the level of the protein

A Proteomics can reveal how genes are expressed

A Proteomics allows a researcher to study protein modifications due to toxic treatment an
importantly allows identification of toxicaptotein adducts

A Researchers can detect more protein targets than Genomics, which leads to highly effe:
clinical trials and biomarker studies.

A Proteomics identifies novel biomarkers to help diagnose and fight diseases. These bion
studies provide deeper insights into the biological characteristics that drive the clinical
behavior of diseases such as cancer.



Proteomics approaches

\

Top-down proteomics

Protein

Separation
by gelor LC

lus

Protein MS
L

l MS/MS
Data
l Analysis

Protein ID
Quantitiation
PTM mapping

PTM mapping
Quantitiation
Protein ID

Data
Analysis

' MS/MS
&
Peptide MS

| e

Cell or Tissue

fus
Separation
by LC

g‘Y’/@\;‘{i‘ Peptide
& jé

'In-gel or in-solution
digestion

Bottom;up proteomics




Top-down vs Bottorrup proteomics

Bottom-up (Shotgun)
Top-down proteomics proteomics

Analysis of intact proteins by Mass Intact proteins are digested into peptides
Spectrometry prior to introduction into the mass
spectrometer where they are then detecteg
and fragmented

V Simpler sample preparation (no digestion is
required)

V Comprehensive sequence information for the
whole protein by detecting all types of PTMs
(e.g. phosphorylation, proteolysis, acetylation)
and sequence variants (e.g. mutations,

V Protein digestion into peptides

V Peptides are more easily separated by reverpbdse
liquid chromatography (RPLC)

V Peptides ionize well, and fragment in a more predictak
manner

olymorphisms, alternatively spliced isoforms) X The information about the intact size of
D e | Y 5P proteins is lost because of the digestion

simultaneously in one spectrum (a "bird's eye Cocess

imultaneously in one m@ p .
OASeselv oAuK2dzu | LINRZ2NR ] X(zl'ﬁegpgtel?qt?aﬁmodiﬁcations of proteins can be hard to

detect and often require specific sample preparation a
analysis



Challenges of Tegown proteomics

Challenges

Innovations

1. Protein solubility
Conventional surfactant (e.g. SDS) not
compatible with MS

2. Proteome complexity
Intact protein chromatography under-
developed

3. Proteome dynamic range
Difficulty in detecting low abundant
proteins

4. Protein MS data interpretation
Software for top-down proteomics
underdeveloped

Develop new top-down MS
compatible surfactant

Develop novel multi-dimensional
chromatography for intact
protein separation

Develop novel nanomaterials for
enriching low abundant proteins

Develop user-friendly and
versatile software interface




Targeted and untargeted proteomics

Targeted Untargeted
proteomics proteomics

x Determination of the presence and X Quantitative and qualitative study of
guantity of a particularprotein or peptide proteins presentin a sampleor samples
iIn complexmixture of proteins without targetinga particularprotein




Example of a shotgun untargeted proteomics workflow

& -
@;’% e

Sample(s) _ ' Proteins _ Peptides .~ il

Proteins Reduction, A
extraction alkylation &
digestion
- Purification
.
LJ
Bioinformatic - gﬂnillMs?s | |
PANIHER g @nabsis i1 | y .
%7 STRING 17

bt Injection in the L&S platform



Sample preparation

f » . - Formalin Fixed
Fresh/Frozen == Paraffin Embedded
@7 samples (FF) )” / 4 ~ samples (FFPE)
P
V Easier extraction process (no antigen V Easier to store and to transport (RT)
retrieval step needed) V More versatile (retrospective and
V Higher number of extracted proteins multiple analysis from archive material)
X Expensive to store and to transport X Less proteins available (cross linking)
X Less practical and versatile X Deparaffinization and AR steps needel

X Always in ice and with a protease inhibitor X High temperature needec&

A Always work under a fume hood (protein contamination)
A Never(ever)touch anything without gloves




Sample preparation

Proteins Extraction
Bufferto help protein denaturationand
solublilizationduring cellandtissuelysis

V Detergents (Zwittergent, NP40, SDS,
Triton-X)

V Rapigest e == B
&g L BCA or Bradford Assay
S (careful with the compatibility to the
e buffers!!!)

s i



Sample preparation

A Reduction (DTT, TCEP)
A Alkylation (IAA)
A Digestion

Trypsin

/Hydrolysis site for trypsin
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Injection in the LC
MS/MS system






MS/MS analysis (Qrbitrap)

Quadrupole (m/z separation)
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Bioinformatic analysis (1)

Analysis according
Ty the match with a
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o EESSESSS) el rotein Lis
m @;ﬁi (ThermoFisher |

|

V Removing contaminants, proteins identified by site, matching the reverse database

V Normalization and Log 2 transformation (for ion intensities)

V Filtering columns and rows according to valid values @stningent)

V Statistical analysis to compare proteins expression between 2 or more groups (p value)

V Multiple test correction to keep the overall error rate (or false positive rate) to less than or equal to the
specified pvalue cutoff or error rate.

TyanovaS, Cox J. Perseus: a bioinformatics platform for

- Volcano pIOt integrative analysis

- PCA Fi nal PrOtei n List! ! ?Zl‘g)lrg;efﬂiislggta in cancer research. Methods Mol Biol.

48.doi: 10.1007/9781-493974931 7
- Heatmap -



Bioinformatic analysis (2) SPANTHER

Classification System

Classification system http://www.pantherdb.org/

1. Enter ids and or select file for batch upload. Else enter ids or select file or list from
workspace for comparing to a reference list.
Enter IDs:
Supported separate IDs by a space or comma
IDs y
Upload Scegli file | Nessun file selezionato
IDs: 3. Select Analysis.
File
format O Functional classification viewed in gene list
Please login to be able to select lists from your workspace. ® Functional classification viewed in graphic charts O Barchart @ Pie chart
Eieslf?r; o @ 1D List O statistical overrepresentation test
pe: Previously exported text search results O Statistical enrichment test
Workspace list
PANTHER Generic Mapping
ID's from Reference Proteome Genome
Organism for id list| Absidia glauca (ABSGL) v
VCF File  Flanking region| 20 Kb ™ (J search Enhancer Data
2. Select organism.

Homo sapiens
Mus musculus
Rattus norvegicus
Gallus gallus
Nanio reria



Bioinformatic analysis (2 PANTHER

Classification system http://www.pantherdb.org/

Select Ontology: [ Biological Process v | View: [100% v |

o Click to get gene list for a category:
PANTHER GO-Slim Biological Process
Total # Genes: 13 Total # process hits: 43 B No PANTHER category is assigned (UNCLASSIFIED) @

W biological adhesion (GO:0022610) &

M biological regulation (GO:0065007) &

M cellular process (GO:0009987) @&
developmental process (GO:0032502) @

B growth (G0O:0040007) ]

M localization (GO:0051179) @
locomotion (GO:0040011) &
metabolic process (GO:0008152) @

B multicellular organismal process (GO:0032501)

B pigmentation (GO:0043473) @

B response to stimulus (GO:0050896) @

Select Ontology: | Pathway v| View: [100% v |

PANTHER Pathway
Total # Genes: 10 Total # pathway hits: 14

=

&, Web
= Ql‘é\.l Colors by
Color picker powered by "# 1 VisiBone

Click to get gene list for a category: YOU can also CIaSSIfy by
M Blood coagulation (PO0011) & molecular funCtlon, proteln

B Cytoskeletal regulation by Rho GTPase (P00016)

B Inflammation mediated by chemokine and cytokine signaling pathway (P00031) é f I é_ é Z é é t f de

M Integrin signalling pathway (P00034) @

=

Nicotinic acetylcholine receptor signaling_pathway (P00044) W
B No PANTHER category is assigned (UNCLASSIFIED) @
M Ubiquitin proteasome pathway (P00060) @




Bioinformatic analysis (3) -/ STRING

Functional protein association (known https://string-db.org/
and predicted)




Bioinformatic analysis (3) -/ STRING

Functional protein association (known https://string-db.org/
and predicted)

Nodes:
Network nodes represent proteins Node Color Node Content
splice isoforms or post-translational modifications colored nodes: £ )\ emptynodes:
are collapsed, i.e. each node represents all the query proteins and first shell of interactors \./ proteins of unknown 3D structure
proteins produced by a single, protein-coding gene , —
. white nodes: £\ filled nodes:
ocus. : . : :
\" ./ second shell of interactors \\"/ some 3D structure is known or predicted
Edges:
Edges represent protein-protein associations Known Interactions Predicted Interactions Others
associations are meant to be specific and A% from curated databases At gene neighborhood At textmining
meaningful, i.e. proteins jointly contribute to a S & : : Sa i . P~ .
grus P J 4 " experimentally determined " gene fusions ‘Y co-expression

shared function, this does not necessarily mean
they are physically binding to each other. -~ geneco-occurrence —{") protein homology
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