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Or 
how to get a list of differentially 

expressed proteins and what to do 
with it
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The Βiochemistry Lab 
@ Dept. Biological Applications and Technology

University of Ioannina

Protein biochemistry

-Omics (proteomics/metabolomics)

Mouse work / Behavior

In vivo and in vitro pharmacology

Ioannina, Greece

Several levels requiring decisions 
that need to be made

1. The question

2. The model

3. The biological material

4. The subproteome

5. The proteomic method

6. The list, what to make of it

7. How to follow up

8. How to play with pharmacology
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Our working hypothesis

1. The question

THERE ARE NO MOLECULAR 
BIOMARKERS FOR PSYCHIATRIC 

DISORDERS
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Problems, problems, problems

2. The model

Selective 
breeding

Stressors Pharmacological 
intervention

Genetic 
modification

The mouse as model organism
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The brain

3. The biological material

Peripheral material

Causality

Specificity vs. starting material

Pooling?

Causality?

Diagnostic value

What do we see there?

Possibility to combine?
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4. The subproteome

Increase specificity

Reduce complexity

What shall we keep in mind?

Do we have a suitable protocol?

Is the protocol appropriate for our model?

Is it an enrichment or an isolation protocol?

Is there a subproteome profiling available?

How much starting material do we need?

Should we use fresh tissue?

Are the buffers compatible with mass spectrometry/the proteomics 

workflow we will use?
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Artificially isolated synapses

Synaptosomes

4% vesicles

8% membranes

24% mitochondria

64% cytoplasm

SV: synaptic vesicles

SJ: synaptic junction

M: mitochondrion

Schrimpf et al. Proteomics 2005

Synaptosome proteome

Maccarrone and Filiou Methods Mol Biol 2015

Filiou et al Electrophoresis 2010

2980 synaptosomal proteins 

from whole mouse brain
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Docemeci et al Frontiers Syn Neurosci 2016

PSD: post-synaptic density

Post-synaptic density proteome

Contaminants

Non neuronal components  Myelin-related proteins

Nuclear proteins, Histones

Keratin

Reproducibility of the subproteome enrichment!
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Toolbox: -Omics approaches

Unbiased

Hypothesis-free

High-throughput

Quantitative

vs.

The proteomic method

What is the nature of our question?

How much material do we have?

What is the fold change threshold we would like to detect?

Cost vs. Time

Data analysis method

How many biological replicates?
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Quantitative proteomics

Labeling-based methods Label-free methods

N
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The 

chromatographic 

peak area (AUC)

of a peptide 

corresponds to its 

concentration

Bhargava et al Clin Transl Med 2014

proteins

peptides

ICPL: Isotope Coded Protein Labeling

ICAT: Isotope Coded Affinity Tags

In vitro labeling
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whole organisms

amino acids: 13C Lys, SILAC

isotopes: 15N, SILAM 

SILAC: Stable Isotope Labeling with Amino acids in Cell culture

SILAM: Stable Isotope LΑbeling of Mammals

Ong et al Mol Cell Proteomics 2002

McClatchy and Yates Methods Mol Biol 2014

In vivo metabolic labeling 

Frank et al PLoS ONE 2009

15N metabolic labeling protocol % 15N incorporation

QuantiSpec

The 15N-labeled mouse

14N 15N  
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14N 15N  

14N 15N 14N

14N 15N  

14N / 14N

Maccarrone et al Methods Mol Biol 2017

Filiou and Turck Methods Mol Biol 2012

Quantitative proteomics workflow

Geiger et al Mol Cell Proteomics 2013

The SILAC mouse
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Bantcheff et al Anal Bioanal Chem 2007
Bantcheff et al Anal Bioanal Chem 2012

15N            SILAC/ICPL                    label-free

To label or not to label?

15N

SILAC

ICPL

label-
free   

To label or not to label?



13/11/2019

14

Overall

+ High accuracy
+ High resolution
+ High sensitivity

- Expensive
- Complicated (spectra/software)
- Time consuming

+ Cheap
+ Fast
+ Easy

- Lower sensitivity (>2 fold)
- Lower accuracy
- Not optimal for small proteins 
(<20kDa) or too abundant ones

Labeling-based methods Label-free methods

Practical tips

Metabolic labeling/SILAC Label-free

Complex sample preparation
(e.g. multistep subproteome enrichment 
from brain tissue)

Interested in low fold changes
(e.g. mild interventions, chronic effects)

Small datasets to be studied in depth

Need appropriate organism-specific 
labeled standard

Simple sample preparation
(e.g. cell culture lysates)

Interested in high fold changes
(>2 fold, e.g. acute intervention)

Large datasets to be screened

All organisms
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The set-up

HAB                             LAB

HAB: high anxiety-related behavior

NAB: normal anxiety-related behavior

LAB: low anxiety-related behavior

6. THE LIST

273 differentially expressed proteins
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Increased mitochondrial protein 
expression in high anxiety 

I
II

III IV V

ADP     ATP

e-

H+

O2 H2O
HAB > LAB

mitochondial 
matrix

~100 mitochondrial proteins higher 

expressed in high anxiety

Filiou et al Biol Psychiatry 2011

Mitochondria:
What we know

Oxidative phosphorylation

Krebs cycle

Oxidative stress

Autonomy

‘The powerhouses of the cell’
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Mitochondria in the brain:
What perhaps we do not know

Calcium storages

Neurotransmission regulation

Apoptosis

Stress response

Mitochondrial heterogeneity

Mitochondria heterogeneity
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Mitochondrial disorders

7. How to follow up on THE LIST?

In silico-pathway data analysis                       Biochemical validation
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How to follow up on mitochondria as an 
organellar potential “biomarker”?

Additional -omics

Oxidative stress

Mitochondrial number

Mitochondrial morphology

Pharmacological targeting

What about the periphery?  

Building the phenotype
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Metabolomics of high anxiety 

Filiou et al J Psychiatr Res 2014

carnitine acetylcarnitine

Correlation of metabolites with behavior

Filiou et al J Psychiatr Res 2014
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High oxidative stress in high anxiety

Filiou et al J Psychiatr Res 2014

brain plasma

What about mitochondrial number?

Stress

Tau-KO                                 CT

quantitative 
synaptoproteomics 

↑
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Altered mitochondrial transport in 
chronically stressed Tau-KO mice

Lopes et al Cereb Cortex 2017

8. How to use pharmacology?

Manji et al Nat Rev Neurosci 2012

MITOCHONDRIA AS 
THERAPEUTIC 

TARGETS
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Mitochondria-targeted antioxidants

MitoQ: mitochondria-targeted antioxidant

quinone + triphenylphosphonium (TPP)   

Experimental approaches

In vitro In vivo

Test toxicity

Verify optimal dosage

Quick

Effects on the anxiety phenotype

Pathophysiological side-effects

Informative 
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In vivo approach: considerations

Mode of administration

How to verify same dosage for all animals?

Taste?

Is the substance metabolized before reaching the desired organ?

Does the substance cross the blood brain barrier?

Can the substance be administered long-term without side-effects?

Anxiety and mitochondria: 
A bidirectional crosstalk

Filiou and Sandi Trends Neurosci 2019 
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Many thanks! Questions?

contact: mfiliou@uoi.gr
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Transition to clinical samples

What type of material? Post-mortem brain? Plasma? Serum? 

Blood cells?

Differential diagnosis

Drug naive?

Response to treatment?

What type of confounding pathologies?


