From Proteomics to Systems Biology

Integration of “omics”- information



Outline and learning objectives

“Omics” science provides global analysis tools
to study entire systems

How to obtain omics - data
What can we learn? Limitations?
Integration of omics - data

In-class practice:

Omics-data visualization



Omics - data provide systems-level information
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Omics - data provide systems-level information
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Transcriptomics (indirectly) tells about
RNA-transcript abundances

= primary genomic readout

each mRNA sample represents

Isolate mRNAs from cells
at two stages of development;
all the genes expressed in

the cells at that stage. StrengthS:

oy mRNA -
e - very good genome-wide coverage
by reverse transcriptase, reverse R .
using flucrescently labeled luamu.pmwl - Varlety Of CommerClal Pro ducts
deoxyribonucleotide
triphosphates.
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Drawback:
Addthe DNAstoa No protein-level info!!
cDNAs am?eal to

complementary sequences '> RNA degradation

on the microarray.

-> Post-translational modifications

DNA microarray

Removal ofl => validation by e.g. RT-PCR

unhybridized probe
L
Each fluorescent spot {
represents a gene expressed r
in the cells.
Figure 9-22

Lehninger Principles of Biochemistry, Fifth Edition

2008 W H Freeman and Compary



Proteomics aims to detect and quantify
a system’s entire protein content
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Strengths:

-> info about post-translational modifications
-> high throughput possible due to increasing quality and cycle
speed of mass spec instrumentation

Limitations:

- coverage dependent on sample, preparation & separation method
- bias towards most highly abundant proteins



Omics - data provide systems-level information
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Metabolomics and Lipidomics
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Metabolomics and Lipidomics

Metabolomics:

Large-scale measurement of cellular metabolites
and their levels
-> combined with proteome:

functional readout of a cellular state

[ Metabolites]

Limitations / challenges:

extracted - often low reproducibility of sample preparations
fromcelllysate  _hjohly divers set of metabolites
[ Lipids 1 - large dynamic range
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Metabolomics and Lipidomics

[ Metabolites]

extracted
from cell lysate

[ Lipids ]
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Metabolomics:
Large-scale measurement of cellular metabolites
and their levels
-> combined with proteome:
functional readout of a cellular state

Limitations / challenges:

- often low reproducibility of sample preparations
- highly divers set of metabolites

- large dynamic range

Lipidomics aim:

To identify & classify cellular inventory of lipids and
lipid interacting factors

-> pathobiological impact

Limitations:
- low to medium throughput
- reproducibility difficult




Glycomics identifies cellular glycan components
and glycan-interacting factors
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Impact:

- antigen recognition
- cell adhesion
- cancer biology

Limitations:
Methods still under development

http://www.functionalglycomics.org



Omics - data provide systems-level information
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‘Localizomics’ tells about sub-cellular locations
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‘Localizomics’ tells about sub-cellular locations
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Omics - data provide systems-level information
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Interactomics

Protein-DNA
interactions

-> e.g. ChIP on chips
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Interactomics All interactomics

data need to be
Protein-Protein validated!!!
interactions —> often false
-> Yeast two-hybrid screens positives!!!
Yeast strain 1 Yeast strain 2 with
b.G:‘Iap(l’)NA-- with Gald4p-binding Galdp-activation
"naing Gomain X domain fusions domain fusions

Mate to produce diploid cells.

Plate on medium requiring

bin?iiatlt4psite NEPOTSer Hene interaction of the binding and
g Gala4p activation domains for cell
gactivation survival,
/ d - v
omain
Y
RNA T - °
polymerase WV { - e | Survivors .
-~ - form colonies.
Increased
S e transcription

Sequence fusion proteins to identify
which proteins are interacting.
Figure -25b

Figure 9252 Letmmges Pri yérs of Ris Aevmiicy F VD 1§ o
Lot nges Prom gies af Ros Aevandry FOS [ dvvnn 5 I M Sopevvany ared N

Reporter gene



Omics - data provide systems-level information
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Fluxomics looks at global and dynamic
changes of metabolite levels over time

metabolite identification

| A
|
8 ?{ I |

3
® 40 l

? )

AP B2 CH3{ D

v .
}5‘(4\ = /7 pathway reconstruction

-> integration of omics-data
from other sources

metabolic flux analysis

http://www.nat.vu.nl/~ivo/flux/ Van Beek, Van Stokkum




Fluxomics looks at global and dynamic
changes of metabolite levels over time

GC-MS
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Rapid o O )
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metabolic
intermediates .
But: If 14C-label:
Method suffers from same scintillation
shortcomings as metabolomics: counting
-> sample prep reproducibility .

-> wide variety of metabolites

-> large dynamic range hito://www.nat.vu.nl/~ivo/flux/  Van Beek, Van Stokkum




Omics - data provide systems-level information
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Phenomics

High-throughput approaches to determine cellular fitness or
viability in response to genetic / environmental manipulation

Some commonly used experimental approaches:

= Phenotyping microarrays
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Phenomics

=> RN A1 screens
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Integration of omics-data

The Challenge:

How to integrate extreme abundances of
heterogeneous data from very divers sources?

Interactomics Phenomics Metabolomics
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http:/ / systemsbiology.ucsd.edu



Integration of omics-data:
Network reconstruction

[ Cell ) [Literature} [Interactomics]
Physiolo
Annotated y & = | . r
genome .. Known nzymatic
\Localizomics' 1iochemical  complexes,
N data regulatory /
Homologies signaling t
\ l J networks Proteomics
- &
Network Transcriptomics
“— Functional ——  reconstruction «—— Pathways, —
genomics capacities,
inferred
reactions

http:/ / systemsbiology.ucsd.edu



Integration of omics-data:
Network reconstruction
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Integration of omics-data:
Model testing and validation
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The holy grail of systems biology:

Automatically updated, genome-scale,
comprehensive network reconstructions
for any system of interest

=> Advanced projects for some model
organisms (Human, mouse, yeast, E. coli)

Increasing Metabolic
medical

Toxico_ impact englneerlng

Metabolic

Persona-
lized drug
design

Nutri- disorders Cancer
genomics biology




