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= Several levels requiring decisions &
that need to be made =

1. The question

The model

The biological material
The subproteome

The proteomic method

The list, what to make of it

How to follow up
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How to play with pharmacology
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1. The question

THERE ARE NO MOLECULAR
BIOMARKERS FOR PSYCHIATRIC
DISORDERS
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= Problems, problems, problems }&
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Een 2. The model

i

The mouse as model organism

T‘r/“ \r* %r* 'jjd}

Selective Stressors Pharmacological Genetic
breeding intervention modification
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3. The biological material

The brain

R

Peripheral material

P

)
“M

¢« Causality
« Specificity vs. starting material

¢« Pooling?

« Causality?
¢« Diagnostic value

¢« What do we see there?

Possibility to combine?
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FIGURE 25
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4. The subproteome &

Increase specificity

Reduce complexity

f

O[]

aa

What shall we keep in mind? %

Do we have a suitable protocol?

Is the protocol appropriate for our model?

¢ |s 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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Synaptosomes

Artificially isolated synapses

4% vesicles
8% membranes
24% mitochondria

64% cytoplasm

SV: synaptic vesicles
8J: synaptic junction

M: mitochondrion

Schrimpf et al. Proteomics 2005
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2980 synaptosomal proteins

from whole mouse brain

Maccarrone and Filiou Methods Mol Biol 2015

Filiou et al Electrophoresis 2010
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= Eo Post-synaptic density proteome },

Total PSD

Channels and receptors 80
MAGUKs/adaptors/scaffolders 54
Serine/threonine kinases 46
Tyrosine kinase 3
Protein phosphatases 18
G proteins and modulators 77
Signalling molecules and enzymes 278
Transcription and translation 119
Cytoskeletal and cell adhesion 153
molecules

Synaptic vesicles and protein 159
transport

Novel 107
Other 30
Summary 1124

PSD: post-synaptic density

Docemeci et al Frontiers Syn Neurosci 2016

E=l ol | Contaminants 5

« Non neuronal components 2> Myelin-related proteins
¢« Nuclear proteins, Histones

+ Keratin

Reproducibility of the subproteome enrichment!
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Toolbox: -Omics approaches &

Unbiased = ..
g Hypothesis-free
High-throughput

Quantitative

i
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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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In vitro labeling

aEen &
=-0EnE Quantitative proteomics %&
Labeling-based methods Label-free methods
Label-free quantitation
e, Q @
Protein ‘—\H ‘-\H The
s \::\\f‘ \1%‘ chromatographic
T ‘5-’{ ;\‘:_/ peak area (AUC)
AUC of a peptlde
Quant:
v ” corresponds to its
£ H
13 e concentration
weniy:
e
! ’ ‘
s
mass/charge (m/z)
Bhargava et al Clin Transl Med 2014
EEon
2] & |

proteins

S22

peptides

ICPL: Isotope Coded Protein Labeling

ICAT: Isotope Coded Affinity Tags
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In vivo metabolic labeling

amino acids: 3C Lys, SILAC
isotopes: °N, SILAM

whole organisms

SILAC: Stable Isotope Labeling with Amino acids in Cell culture
SILAM: Stable Isotope LAbeling of Mammals

Ong et al Mol Cell Proteomics 2002
McClatchy and Yates Methods Mol Biol 2014

B'EE E
e The *N-labeled mouse }&
5N metabolic labeling protocol % 5N incorporation
N N s QuantiSpec
a@! I > ; ¥
fe = & & L2
pregnancy sampling
I 1 i
-1 week birth + 8 weeks
el 15N Bacterial diet
Cerebellum Plasma
1 100
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g 3w
g g%
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«“& Qx@\b Qe'& &
Frank et al PLoS ONE 2009
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Quantitative proteomics workflow &

14N 15N 14N
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14N 15N 14N 15N

Maccarrone et al Methods Mol Biol 2017
Filiou and Turck Methods Mol Biol 2012
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To label or not to label?

5N SILAC/ICPL label-free

& Metabolic labeling Chemical labeling Spiked peptides Label free

- crﬁu“% [—-D I] D n |[| ﬂ ﬂ D
Purification or
fractionation
1¥
Protein
I ,
MS data
Data analysis
Fig. 2 Common quantitative mass spectrometry workflows. Baves in - points at which experimental variation and thus quantification errors

blue and vellow tepresent two experimental conditions. Horizontal — can oceur {adapted with permission from Ref. [11])

lines indicate when samples are combined. Dashed lines indicate
Bantcheff et al Anal Bioanal Chem 2007
Bantcheff et al Anal Bioanal Chem 2012

To label or not to label?

Table 1 Characteristics and applications of quantitative mass spectrometry methods

Application Accuracy Quantitative
(process) proteome
coverage
15N Metabolic protein labeling Complex biochemical workflows Eaas +

Comparison of 2-3 states
Cell culture systems only

SILAC Chemical protein labeling Medium to complex biochemical + +
(MS) workflows
Comparison of 2-3 states
Chemical peptide labeling Medum complexity biochemical + +
(MS) workflows
ICPL Comparison of 2-3 states
Chemical peptide labeling Medium complexity biochemical T ik
(MS/MS) workflows
Comparison of 2-8 states
Enzymatic labeling (MS) Medium complexity biochemical ++ +
workflows
Comparison of 2 states
Iabel' Spiked peptides Medium complexity biochemical + +
workflows
free Targeted analysis of fow protens.
Label free Simple biochemical workflows
(ion intensity) Whole protcome analysis
Comparison of multiple states
Label free Simple biochemical workflows
(spectrum counting) Whole proteome analysis

‘Comparison of multiple states

13/11/2019
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==0unn Overall %,
Labeling-based methods Label-free methods

+ High accuracy + Cheap

+ High resolution + Fast

+ High sensitivity + Easy

- Expensive - Lower sensitivity (>2 fold)

- Complicated (spectra/software) - Lower accuracy

- Time consuming - Not optimal for small proteins
(<20kDa) or too abundant ones

. Practical tips &
Metabolic labeling/SILAC Label-free

Complex sample preparation Simple sample preparation
(e.g. multistep subproteome enrichment (e.g. cell culture lysates)
from brain tissue)
Interested in low fold changes Interested in high fold changes
(e.g. mild interventions, chronic effects) (>2 fold, e.g. acute intervention)
Small datasets to be studied in depth Large datasets to be screened
Need appropriate organism-specific All organisms
labeled standard

14



The set-up

HAB LAB

HAB: high anxiety-related behavior

NAB: normal anxiety-related behavior

LAB: low anxiety-related behavior

el |
Ecel ol | 6. THE LIST &

273 differentially expressed proteins

13/11/2019
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P Increased mitochondrial protein 5
expression in high anxiety '

H*

mitochondial
matrix

e
¢ @ HAB>LAB % MO N

ADP ATP

.“ ~100 mitochondrial proteins higher
7 expressed in high anxiety

TIM-TOM complex

B B> LaB

Filiou et al Biol Psychiatry 2011
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Mitochondria: %
What we know

‘The powerhouses of the cell’

Oxidative phosphorylation

Krebs cycle

‘ Oxidative stress
Autonomy

13/11/2019
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What perhaps we do not know

Mitochondria in the brain: %;

Calcium storages

,_?9 Neurotransmission regulation
2 }'_ Apoptosis
| -4 Stress response

Mitochondrial heterogeneity

Mitochondria heterogeneity %;
Min1
opa
/‘ Fusion ﬁ QD
q Z ) @
D ox
Damaged

mitochondria

\ Fission _j
Mitophagy

Drp! (Degradation)

13/11/2019
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Mitochondrial disorders

Eye
ion di Optic neuropathy
Wolff-Parkinson-White ° Ophthalmoplegia
y syndrome - Retinopathy
Cardiomyopathy

3 Hepatopathy
Skeletal muscle
Weaknees ATP/\’

Fatigue
Myopathy
Neuropathy
Kidney
Fanconi's syndrome
Glomerulapathy

Nuclear 7Subunhs — Oxidative
DNA phosphorylation

I/ Seizures
Myoclonus
Ataxia - .
Stroke Mitochondrial
Dementia DNA Pancreas
Magraina Diabetes mellitus
Nuclear DNA 1 £ Blood
| P Pearson's syndrome
| \ ]
4 Inner ear
4 Sensorineural
Colon hearing loss

Pseudo-obstruction

ree: Fauci AS, Kasper DL, Braunwald E, Hauser SL, Lange DL, Jamesen JL, Lescalzo 1
Harizon's Princioles of Internal Medicine, 17th Editian: httpif/uww. accessmedidne. com

Capyright @ The McGraw-Hill Companias, Inc. Al rights reserved,

7. How to follow up on THE LIST?

In silico-pathway data analysis Biochemical validation

13/11/2019
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=="Es@ How to follow up on mitochondria as an

organellar potential “biomarker”?

Ravena

ki

+« Additional -omics

+ Oxidative stress

+« Mitochondrial number

« Mitochondrial morphology
+ Pharmacological targeting

« What about the periphery?

EEE

Brotovi

= Bra Building the phenotype

H
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§

Enzyme kinetics
Degradation  _
Inter-conversion %~
Transport e,
Secretion .-
Accumulation d
Exogenous intake Ry~ J

Postransiational
modifications
Conformation

Degradation
Secretion
Aclivation

Alternative splicing
Micro RNAs

RNA editing

RNA stability

RNA structure

Complexity =

Epigenetics
Insertion-deletions
Allelic variants

P

Rev Esp Cardiol. 2013;66:657

13/11/2019
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Metabolomics of high anxiety %

lipid
peroxidation

Respiratory
chain

oxxidative
stress

ROS
generation

N

Mitochondrial
Ca2+ tiansport

e,

Tricaiboxylic

Common metabolites
(cingulate cortex) . S

Target, protein

Target, functional class

o

o

O

> Target, motabolite
==

—

mitochondiial
protein
tiansport

Cellular process )

Disease

Filiou et al J Psychiatr Res 2014

=g ‘
#=UE0R  Correlation of metabolites with behavior .

[
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Filiou et al J Psychiatr Res 2014
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ek

e ek Total antioxidant capacity
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S e g
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brain plasma
Filiou et al J Psychiatr Res 2014
g
. What about mitochondrial number? }{

X a a cus.
Stress ; '

quantitative
synaptoproteomics

|

' @

13/11/2019

21



Altered mitochondrial transport in
chronically stressed Tau-KO mice

1.4 1

Postsyn. mitochondria density
(per um?)

Total antioxidant capacity

g

-
=
1=
S

500

Antioxidants (umol/mg prot)
o

CON STR CON STR

wWT Tau-KO

Lopes et al Cereb Cortex 2017

8. How to use pharmacology?

« Szeto-Schiller peptides
« Coenzyme Q10

« Idebenone

« Minocycline

« Diaminophenothiazines
« Polyphenols

« Despramipexole

« Xestospongin C (IP3R antagonist)
« Dihydropyridines (L-type calcium
channel blockers)

MITOCHONDRIA AS
THERAPEUTIC
TARGETS

® B of gy G807 11, 154115
07 s . A ) 07 1) Sl
S

REVIEW

Targeting mPTP

Targeting electron tranzport chain
- C Q10

ebenone
inophenothiazines
min E quinones

« Olesoxime

Mitochondrial Medicine: Pharmacological targeting
apoptatic ‘ « Minocycline

« Latrepirdine of mitochondria in disease
« Rasagiine

* Cycle i

1 J$ Armstrong

ine
« Thiazolidinediones
BI-11A7

Department of Biochenistry, Faculy of Medicine, National University of Singapre, Singapore

Manji et al Nat Rev Neurosci 2012 R E \/ I E W S

ARTICLES
Eteiogy
Nutrient-sensitized screening for drugs that shift energy Targeting mitOChondria fOr
metabolism from mitochondrial respiration to glycolysis cancer therapy

Vishal M Gohil=,Sunil A Shethi=, Roland Nisson' =, Andrew P Wojtovich's, eong Hyun Lec,

Fabiana Perocchil-, Willlam Chen' 3, Clary B Clsh?, Cenk Ayata, Paul § Brookesb? & Vams’ K Moothal

Simone Fulda*, Lorenzo Galluzzi*$! and Guido Kroemer's!!

13/11/2019
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Mitochondria-targeted antioxidants %;

0 MitoQ @
MitoQ: mitochondria-targeted antioxidant H,COMP
H,CO @

quinone + triphenylphosphonium (TPP) g

Experimental approaches

In vitro In vivo
Test toxicity Effects on the anxiety phenotype
Verify optimal dosage Pathophysiological side-effects
Quick Informative

13/11/2019
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In vivo approach: considerations

+# Mode of administration

¢ How to verify same dosage for all animals?

+« Taste?

+ |s 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?

e Anxiety and mitochondria:
A bidirectional crosstalk

(A) Normative anxicty eI (8) High ansiety

Mitochondeial

g, "o,

Lipid peroxidation
ROS. Nuck DNA damage

Key:

ROS; Reactive oxygen species

GSH: Glutathione

LAC: Acetyl-i-camitine

Hy0,: Hydrogen peroxide

MCT: Medium-change triglycerides

MCU: Mitochondrial ealcium uniporter

MTA: Mitochondria-targeted antioxidants
(MitaQ, Sk, methylene blue)

NAC; N-acetyl cysteine [glutathione precursor)

Cholestoral

_J Deleterious effect _J" Protective effect

_J pathway

o,  Upid peroxidation
pos Nuclear DNA damage

L

TrondsInNeuroscknces

Filiou and Sandi Trends Neurosci 2019
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Many thanks! Questions?
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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?

13/11/2019

26



