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Phosphoproteomics of cardiac Nav1.5 channels
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Post-translational regulation of cardiac Nav1.5 channels
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Phosphoproteomics of cardiac Nav1.5 channels

From this conference, you should know:

* Context : Cardiac electrophysiology, Nav1.5 channels
* Proteomics : goals, methods

* Apprehend the research developped
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Cardiac excitability
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Electrocardiograms : ECG
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Cardiac voltage-gated Na* channels
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Nav1.5 channels in heart failure
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CaMKIl increases |, in heart failure
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CaMKIl decreases Nav1.5 channel availability
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Goals: to identify the Navl.5 phosphorylation sites involved in
Increasing l, and decreasing channel availability in heart failure
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Cardiac Nav1.5 channel complexes
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Cardiac Nav1.5 channel complexes
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Before 2012 : 9 phosphorylation sites
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Methods to identify phosphorylation sites

- In silico analyses
- phosphorylation consensus sequence (CaMKIl: RXX[S/T])

- In vitro analyses
- kinase assay + mass spectrometry

- In situ analyses
- purification of proteins + mass spectrometry

» Functional analyses :
- directed mutagenesis (Ser/Thr > Glu/Asp ; Ser/Thr > Ala)
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CaMKIl phosphorylation sites
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Phosphoproteomics of cardiac Nav1.5 channels
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Purification of cardiac Nav1.5 channels
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Mass Spectrometry — A Brief Definition

Mass Spectrometry is a technique that produces charged molecules, and
separates them by magnetic and/or electric fields based on their mass to
charge ratio (m/z).
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Electrospray ionization : ESI-MS

- Couples liguid chromatography to mass spectrometry
- Reversed-phase chromatography
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MS/MS analyses

MS1: mass spectrum of
precursor ions
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Na,1.5 :

|dentification of Nav pore-forming subunits

- Q1080 and Q1080 del isoforms
- 310 unique peptides
- 56% amino acid coverage

— Nav1.6 (1)
Navl1l.2 (1)

— Nav1.1 (1)

— Nav1.3 (24)

— Nav1.7 (3)

— Nav1l1.4 (86)

Nav1.5 (310)

Nav1.8 (13)
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Characterization of cardiac Nav1.5 channel complexes
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2012 : 9 + 7 = 16 phosphorylation sites
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2017 : 16 + 8 = 24 phosphoryaltion sites

Il Ml [
ouT
+ + + +
+ + + +
+ + + +
+ + + +
sas7 429 Y1495 ] IN
O
5460 S667 51503
S36, 38, 39 483 2664 51888
and/or 42 @
S484
T486 . O 0 @
2 S1937 .
S510 : EK:AK" S1938 1080 Syntrophlns
S516 a Dystrophin
g S571 S1012 o PKC 8 ystrop
S . ® SGK
® Fyn
PI3K-PKB/Akt
AMPK

Glycosylation Phosphorylation Méthylation Acétylation

Oxidation Nitrosylation Lipoxidation Ubiquitylation

/h\ Marionneau and Abriel, JIMCC 2015

l'institut Marionneau et al, JPR 2012
duthorax Burel et al, JBC 2017




2018 : 49 + 4 + 9 = 62 phosphorylation sites
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TMT9 quantitative analysis from Sham/TAC mice
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Quantitative phosphoproteomics in Sham/TAC mice
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Electrophysiological analysis of Nav1.5-S664-671A and E mutants
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Electrophysiological analysis of simple Nav1.5 phosphomutants
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Electrophysiological analysis of simple Nav1.5 phosphomutants
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Phosphorylation at S671 decreases Navl.5 cell surface expression
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Take-home messages

- Cardiac electrophysiology, Nav1.5 channels
- Methods to analyze macromolecular complexes and PTM

- ldentification of phosphorylation sites
- in silico
- in vitro
- in situ

- Mass spectrometry
- How does it work?
- Advantages versus other approaches
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