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Information Flow

DNA RNA Protein

30.000 – 40.000 genes, static
Genome

> 100.000 RNAs, dynamic
Transcriptome

Set of expressed proteins in an organism,organ, tissue, 
cell or body fluid under defined conditions 
> 400.000 proteins, dynamic

Proteome

genomic variations, gene expression, alternative 
splicing, protein cleavage, modificationsvariability
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proteomics

Proteomics: Proteomics is the study of
proteins and proteomes using high-
throughput technology.

 Proteome: All the proteins in a cell or 
bodily fluid at a given point of time under 
certain conditions.

 Proteins: A chain of amino acids 
including hormones, enzymes and 
antibodies.

Many facts of proteomics

 Proteomic analysis (global profiling proteomics)

 Large scale identification and characterization of 
proteins and all their properties.

 Expression proteomics

Comparison between normal and disease. Also called 
differential display proteomics.

 Functional proteomics:

• posttranslational modifications

• protein-protein, protein-ligand interactions

• sequence-structure-function relationships
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Why perform proteomics ?

Genomics Transcriptomics Proteomics

• Protein alterations cannot be fully deduced from DNA.

• RNA expression does not always reflect protein levels:
translational control, degradation, turnover

• Body fluids are not suitable for RNA expression 
analysis.

• Proteins are the physiological/pathological active key 
players.
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malignant: invasive growth 

cell shedding   metastasis cancer

life-threatening   

What is Cancer ?

benign:  encapsulated by connective tissue  rarely 

life-threatening

Tumors: loss of cell cycle control 

 de-differentiation and proliferation

Molecular basis of cancer

Causes of cancer: - carcinogens, radiation, viruses, random

- hereditary vs. spontaneous tumors

- multi step process

altered activity of modulator genes 

Genes  and gene products involved in cancer:

activation of proto-oncogenes to oncogenes (gain-of-function)

inactivation of tumor suppressor genes (loss-of-function) 
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Characteristics of cancer cells

• general changes: - loss of division limits (immortality)
- uncontrolled proliferation 

• genetic changes: - point mutations …
- chromosomal changes

• structural changes: - less organized cytoskeleton
- increased membrane fluidity 

• biochemical changes: - altered protein expression
- altered protein modification

Cancer facts and treatment

• > 100 different types of human cancer

•  20 % of the mortalities in industrialized nations

detection  classification and localization

imaging
histology
biomarkers

surgery 
radiation
chemotherapy

 therapy
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Proteomic aims in cancer research

General goal:

• better understanding of genesis and progression of cancer

Clinical goals:

• early cancer detection using biomarkers

• identification of potential therapeutic target structures

• efficient monitoring of therapy control

Biomarker

 Substances present in increased
or decreased amounts in body
fluids or tissues that indicate
exposure, disease or susceptibility
to disease.
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Tumor markers

• prognostic markers:  malignant potential, disease recurrence

• positioning markers:  positional information (e.g. for surgery) 

• predictive markers:   response to different therapies

• diagnostic markers: detection of malignant disease

sensitivity =       detected positives / real positives

specificity =       detected negatives / real negatives
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Proteomic workflow

protein 
quantification

sample 
collection

cells

body fluids

tissues

protein 
identification

Edman sequencing

mass spectrometry

protein 
separation

chromatography

electrophoresis

...

bioinformatics
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Sample collection

• sample type:  cells, body fluids, tissues

• identical collection, treatment and storage

• biological variability (patient-to-patient, tumor-to-tumor)

• prevention of contaminants (necrotic tissue, blood ...)

• time of sample collection (daily and monthly variations)

“The devil is in the details !”
http://www.holzwurm-
meine.de/images/teufel.gif

Sample collection: Tissue and LCM

• Laser capture microdissection (LCM):

Laser-cutting of stained tissue slides under 
microscopic control

 defined procurement of cells

• intra-patient control: tumor vs. non-tumor tissue
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Protein separation

• Protein-specific biochemical-biophysical parameters:

isoelectric point (IP), molecular weight (MW), affinity...

• chromatographic methods: HPLC
2D-HPLC 
ProteinChips

• electrophoretic methods: SDS-PAGE
2-dimensional (2DE)
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2-Dimensional gel electrophoresis

• molecular analysis by mass spectrometry, HPLC, Westernblot ...

• 1. dimension: isoelectric focussing (IEF)  separation by IP

2. dimension: SDS-PAGE  separation by MW

Fontana et al. Proteomics 2004, 4, 849

• Example: breast cancer cell lines:

• staining  > 1000 proteins /gel

DIGE

• DIGE can be done in one-or two-dimensions.  Same 
principle.

• Requires fluorescent protein stains (up to three of 
these), a gel box, and a gel scanner. 

• Dyes include Cy2, Cy3 and Cy5 (Amersham system).

• These have similar sizes and charges, which means 
that individual proteins move to the same places on 
2-D gels no matter what dye they are labeled with.  

• Detection down to 125 pg of a single protein. 
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Cyanine 

Probe Ex (nm) Em (nm) MW

Cy2 489 506 714

Cy3 (512);550 570;(615) 767

Cy5 (625);650 670 792

• Linear response to protein concentration over a 105

concentration range. 

• Standard chemistry links dyes to proteins via lysine 
side-chains.

• Proteins samples are produced by homogenizing cells.
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DIGE
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Cy3 image of 
proteins from 
normal cells 

Cy5 image of 
proteins from 
tumor cells 

Sypro Ruby 
Stained Gel
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Protein identification

• data bases and bioinformatic algorithms (scoring)

• Identification and characterization (modifications) by

combined bioanalytics and bioinformatics

• Edman sequencing: N-terminal sequence tags

• mass spectrometry: peptide finger prints (digests)

(tandem MS, MS/MS, MSn)

Mass spectrometry

• Measurement of mass/charge (m/z) ratios     

ionization m/z analysis detection
matrix-assisted laser 
desorption/ionization 
(MALDI)

electrospray ionization               
(ESI)

time-of-flight (TOF)

quadrupol (Q)

ion trap (IT)

etc

secondary electron 
multiplier 

micro channel plates

• different combinations: accuracy, sensitivity, mass range …
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Database search

Peptide mass fingerprinting provides evidence 
for the most probable identity of a protein.

The quality of the Protein identification
will depend upon:
Quality of the mass spectrometry data

The accuracy of the database

The power of the search algorithms and software used

The genome should be verified for the organism that you are 
working on.

If not, then the next most ideal situation is that there is good 
cDNA data available. 
If neither of these are the case then it is worth checking if there are 
any expressed sequence tags (EST) that can be used.

Tools for fingerprinting

Mascot

Ms-Fit

Aldente

Profound
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Mascot PMF
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The significance of the result 
depends on the size of the 
database being searched

% of protein length covered by the 
experimental peptides

Mascot PMF results

Entry name Coverage similarity

Probability to be 
random

coverage
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Mascot protein view
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Challenges

General

complexity

variability

reproducibility

Bioanalytics

• limited throughput

• absolute 
quantification

• low-abundance 
proteins

Bioinformatics

data 
management 

integrated data 
bases sensitive 

algorithms
Bioinformatics

Integrated approach

transcriptomics proteomicsgenomics

bioanalytics bioinformatics

complementary information 
physiology and pathophysiology

basic science patient‘s benefit
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• cancer is a challenging field: scientists, physicians and patients

• bioanalytics and bioinformatics are important in proteomics

• workflow: collection, separation, identification, quantification 

• biomarker identification and therapeutic aspects

• integration of genomics, transcriptomics and proteomics 

• limitations (e.g. reproducibility, throughput,data management)
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http://www.humeny.net
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