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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

m) Functional analyses :
- directed mutagenesis (Ser/Thr > Glu/Asp ; Ser/Thr > Ala)
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CaMKIl phosphorylation sites

In silico In vitro
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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
precursorions

451

Relative abundance
Relative abundance

m/z

Isolation of the most
abundant precursor ions

451

m/z

CID: Collision
Induced
Dissociation

ﬁ

4.

b-ions: include the N-terminus
y-ions: include the C-terminus

MS2 (MS/MS or tandem MS):
fragmentation spectrum

451

Y3
Yo Y4

Relative abundance

m/z

I'institut
duthorax




Na,1.5 :

|dentification of Nav pore-forming subunits

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

— Nav1.6 (1)
Nav1.2 (1)

— Nav1.1 (1)

— Nav1.3 (24)

— Nav1.7 (3)

— Nav1.4 (86)

Nav1.5 (310)

Nav1.8 (13)
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MANFLLPRGTSHFRRFTRESLAATEKRMAERQARGEATEOEREGL PEEEAPRPQLDLOASKKLPDLYGNPPREL
N-TERM
IGEPLEDLDPFYSTQKTFIVLNKGKT IFRFSATNALYVLS PFHPVRRAAVKI LVHSLE SMLIMCT ILTNCVEMAQ

N-TERM 181
HDPPPWTKYVEYTETATY TFESLVKI LARGFCTHAFTFLRDPWNWLDE SVIVMAYTTEEVDT.GNVSALRTERVIR
Is2 Is3 1S4
ALKTISVISGLKTIVGALIQSVKKLADVMVLIVECLSVEALIGLQLEMGNLR HKCVRNFTELNGTNGSVEADG IV
1S5
WNSLDVYLNDPANYLLKNGT TDVLLCGNSS DAGTCPEGYRCLKAGENP DHGY TS FDSFAWAFLAL FRIMTQDCWE

RLYQQTTLRSAGK IYMIFFMLVIFLGSFYLVNLILAVVAMAYEEQNQAT TAETEEKEKRFQEAMEMLKKEHEALTT
1S6

RGVDTVSREBTEMS PLAPVTNHERRSKRRKRLEBGTEDGGDDRL PKEDEEDGPRALNGT BT THGLBRTSMR PR S
Loopl

RGSTFTFRRRDQGEEADFADDENETAGE SESHRTHLIVPWPT RR EfTQGOPGFGTHAPGHVINGKRNETVDCNGY
Loopl

VSLLGAGDAEATSPGSHLLRPIVLDRPEDTTT PSEEPGGPOMLT PFQAPCADGFEEPGARQRALEAVEVIEBALEE
Loopl

LEESHRKC PPCWNRFAQHYL IWECCPLWMS IKQOKVKEVVMDPFADLTI TMCIVLNTLEMALEH YNMTAE FEEMLQ

lis1
VGNLVETGIEFTAEMTFKIIALDPYYYFQQGWNIFDS IIVILSIMELGLSRMGNL SVLRSFRLLRVEKLAKSWETL,
lis2 ns3 ns4
NTLIKIIGNSVGALGNLTLVLAIIVFIFAVVGMQLFGKNYSELRHRISDSGLLPRWHMMDF FHAFLI IFRILCGE
IS5
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lIS6

KRTTWDFCCGLLRRRPKKPARLAffEEor PcT1AA PREP PPPEVEKA PPARKETRFEEDKR PGQGT PGDTEPVCVE
Loopll
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Loopll
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KTCYRIVEHSWFETFIIFMILLSSGALAFEDI YLEERKTIKVLLEYADRMFTYVEVLEMLLRWVAYGFKKY FTNA

ns1 ms2
WCWLDFLIVDVSLVSLVANTLGFAEMGPIKSLRTLRALRPLRALSRFEGMRVVVNALVGAT PS IMNVLLVCLIFW
ns3 ns4
LIFSIMGVNLFAGKFGRCINQTEGDLPLNYTIVNNKSECE SFNVTGEL YWTKVKVNFDNVGAGYLALLQVATFKG
ss

WMDIMYAAVDSRGYEEQPQWEDNLYMYIYFVVEI IFGSFETLNLEFIGVIIDNFNQOKKKLGGQDI FMTEEQKKYY
s6

NAMKKLGSKKPQKPTPRPINKYQGFI FDIVTKQAFDVT IMFL ICLNMVTMMVET DDQS PEKVNILAKINLLEVAT
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IVS6

EIWEKFDPEAQFIEYIALSDFADALSEPLRIAKENQISLINMDLEMVSGDR IHCMDILFAFJKRVLGESGEMDA
C-TERM
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|dentification of Nav interacting proteins
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|dentification of 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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Main finding: Phosphorylation at S664 and S667
regulates Nav1.5 channel activation.
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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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