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Proteomic Identification of Aggregates and Chaperones in
Disease Muscle
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Proteomicanalysisin MFM




yofibrillar myopathies (MFM)
lical phenotypes and known disease genes

. . Inheritance
fl I amino p ath y FH L 1'my0 p a.t hy Gene/protein pattern Age of onset
: DES/desmin Dominant, Early/middle
de novo adulthood
Recessive Infancy/childhood
CRYAB/aB- Dominant Middle adulthood
crystallin
Recessive Infancy
MYOT/myofilin  Dominant Middle/late
adulthood
Recessive Early/middle
adulthood
ZASP/ZASP Dominant Middle/late
adulthood
FINC/filamin C Dominant Middle adulthood
Kley et al. Brain 2007 First et al. Acta Neuropathol 2013 Schessl et al. Brain 2009 BAG3/BAG3  De novo Childhood
myotlllnopathy BAG3- myopathle
i) - FHLT/FHL1 X-linked Infancy /childhood,
v F : : i J 3 adulthood (rare)
TTN/titin Dominant Early-late adulthood
PLEC/plectin Recessive Skin blistering since
birth, myopathy in
infancy /childhood,
adulthood
ACTAT/a-actin De novo Infancy
HSPB8/HSPB8 Dominant Early/middle
adulthood
DNAJB6/ Dominant Middle adulthoed
= ASET S0 s, DNAJBS
Olive et al. Brain 2005 Konersman et al. NMD 2015 Kley et al. Curr Opin Neurol 2016
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Proteomic analysis in MFM
Laser microdissection




Proteomanalysen bei MFM
Workflow

laser
microdissection

aggregate control
sample (A) sample (C)

][] ][] tryptic in-solution
_’ % _’ digestion

LC-Esl
MS/MS-analysis

protein 1 protein ZJ L
I protein 2 allid protein 1 v

il — spectral index

calculation
protein 3 protein 3

v
L J identification of over-

represented proteins

proportion of total counts

v
validation by
IF- studies

Maerkens et al. Acta Neuropathol Commun 2016



Proteomic analysis in MFM
Overview

Analysisof 97 MFM samples

17 myotilinopathy samples

16 HMERFamples

10 desminopathysamples

7 filaminopathy samples

2 ZASPopathgamples

2 FHLImyopathy samples

1 h -crystallinopathysamples

42 samplesfrom patients with unknown mutation

A 2661different proteins couldbe identified



Proteomic analysis of MFM aggregates (n=97)
Over-represented protelns (aggregates vs. controls)

e & . & KEGG®athways (7/41):
- e @““‘“\V & “@ Pathwaydescription N FDR
vvvvv ® € QL a=om © Proteindigestionand
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@ O o @A 0&@» absorption
e @ U a0 \ o *'5 Protein processing in
= A ST ) : 12 0.0001]
= D endoplasmic reticulum
o Proteasome 8 6.4E06
Phagosome 14 1.3E06
e Regulation of actin
GGGGGG egulation of act 10 0.011¢
cytoskeleton
o PI3KAkt signaling pathway 18 6.8E05
@ ECMreceptor interaction 18 8.4E14
®.
®
o
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2 NES
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HSPB1
o

MYOT

A 305over-representedproteins
A Significantlymore interactions (6 76edge9 than expected(p 5.9e14)
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teomic analysis of MFM aggregates
tification of a Abasic proteomic profilef

Aggregates Controls Ratio TTES1Sensitivity
17.1 25 3E26 100%
13.0 3.2 5E20 98%
1.0 341 1E38 100%
0.5 441 TESB2 99%

Protein

3.6 3.5 8El7 98%

0.5 17.8 9E39 99%
AlphacrystallinB chain 1.4 6.3 6E20 100%

0.4 15.6 3E27 95%
Heatshockprotein beta-1 0.9 3.2 b5E13 95%

A Strongaccumulationof proteinsinvolvedin 6 N\
mechanicalstabilizationand repair of Z-discs S VAl 201 icorgaizain

itochondria




Filamin C
Fluorescence recovery after photobleaching

cardiomyocytes

pre-bleaching ' post-bleaching recovery

zebrafish

FLNc-eGFP

Leber et al. Hum Mol Genet 2016

A FilaminCis a highly dynamicZ-discprotein



Filamin C / Xin / aciculin at Z-discs
Recruitment after laser-induced microdamage

laser-induced

microdamage 5s 10 min

2 min

FLNC/ACTN2

XIRP1/ACTN2

Leber et al. Hum Mol Genet 2016

A FilaminC,Xin, aciculin(+ NRAPand XIRP2pare rapidly recruited to
sitesof myofibrillar repair



Xin iImmunofluorescence analysis
Sensitive marker of muscle damage

The American Journal of Pathology, Vol. 183, No. 6, December 2013
Xin Is a Marker of Skeletal Muscle Damage Severity in
Myopathies

Mats I. Nilsson,* Aliyah A. Nissar,' Dhuha Al-Sajee," Mark A. Tarnopolsky,* Gianni Parise,” Boleslav Lach,' Dieter 0. Fiirst,’
Peter F.M. van der Ven," Rudolf A. Kley,* and Thomas J. Hawke'

A: Duchenne muscular dystrophy |B: Becker muscular dystrophy E: MFM-filaminopathy F: Central core disease

G: Polymyositis




Chaperonesn MFM




51Is of MFM aggregates

MRNA downregulate
. p translation (drugs)
ribosome
RAC (Hsp70/MPP11);
ofNAC

activate

stalled RQC | degradation
translation Q:\’% (UPS) ‘

o)
amorphous
aggregates

NC

Hsp70/Hsp40
Pfd

folding .
intermediate ~

degradation
(autophagy)

Hen70/Hendo misfolded/
sp sp
Hsp90 metastable activate
Pfd/TRiC upregu|ate autophagy
chaperones g
native state amyloid fibrils

Balchin et al. Science 2016



Proteomic analysis of MFM aggregates (n=97)

Over-represented chaperones (23)
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