@sHiMADZU PPC €D TP 535

Plateforme = Proféomique Clinigue

A multiplex targeted Mass spectrometry approach for the quantification of synuclein proteoforms in human biological fluids -
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Table 1. MRM transition and MS parameters of synuclein

1. Overview HPLC conditions (Nexera Mikros) _ 6~
] ) Co|umn: ZORBAX SB-A 1 x 150 mm, 3’5 m, A i|ent T. Protein name Peptide sequence of synculein Position on sequence Charge (z) Precursorion Product ion Energy I:i(r?:snri(i): 1
Innovative multiplex and targeted mass spectrometry method development _ a( H J ) (v time(min) I 5
L . . Mobile phase A: water + 0,1% FA; B: ACN + 0,1% FA | R
for the quantification of the alpha, beta and gamma synuclein in biological _ ] 639.3 524.3425.2 14 1
- - - FIOW I’atei 50 p.l_/m|n (ac)MDVFMK 1-6 2+ 406.69 535 2 666.3 13 27.2 1
samples as CSF and plasma in the context of neurodegenerative diseases. _ _ _ _ 2ipha and beta CGVVARAEK 591 ) ya74q 588745655276 . . B
Time program: B conc.0%(1.5 min) -30%(1.5-31.5 min) - 90%(31.6-33.6min) - T - 598.7 - } T
702.8 546.6 485.5 1 =
] 5%(33.6-40min) QGVAEAAGK 24-32 2+ 415.96 A 18 8.5 1.2 7
2. Introduction Injection vol.: 10 L EGVLYVGSK 35-43 2 azess SROSEESSR26 o g, __
Column temperature: 350C S EGVVHGVATVAEK 46 - 58 2+ 648.35 56719835657282??67 30 13.8 1 + %
In the synucleopathy field, one of the main goals remains to discover synuclein peptide QU TNVGGAVVTGVTAVAQK 61- 80 - orzza  TROSITTIIA g | =
biomarkers allowing to discriminate between Parkinson’s disease, Lewy MS diti L CMS-8060 1022 7649 693 5 S ﬂ
Body dementia or Multi System Atrophy. For this purpose, alpha synuclein conditions ( - ) TVEGAGSIAARTGEVK 819 2 TN Cgrsagasos 2 21§07 5 8
has been intensively studied due to its major presence in aggregates such lonization: ESI, Positive mode, scheduled MRM GG ASHEER (sl 1458 2 sioer  S0M3SB3TZI ., g = 5
as Lewy bodies, hallmark of these neurodegenerative diseases [Vinnakota - 987 6 760.4 703 4 "l =
. . . Proteotypic beta EGVVQGVASVAEK 46 - 58 2+ 636,84 ! ’ ! 25 17.7 ' n (m
et al, 2018; McLean et al, 2012]. Alpha synuclein and its proteoforms are 4 ReSU |tS synuclein peptide o .
present at different levels in brain and CSF indicating that they might be ) EQASHLGGAVFSGAGNIAAATGLVK 61-85 3+ 776,08  843,5851,49505 20 25 |
relevant biomarkers. [Schmid et al, 2013; Otto et al, 2019; Zetterberg et al, : S 04
- - EGVVGAVEK 13-21 2+ 444,25 602,4 503,3513,3 18 12.8
2019]. In this context, our objective is to develop a mass spectrometry 4-1. LC-MRM MethOd development fOI’ SynUCIEIn CGVTEAAEK I i rioa  BOAATATAGIES .’ |
multiplex method to quantify proteoforms of the synucleins family (alpha, N ELTSE T D50 ' 1
beta a.nd amma |n human blOIO |Cal ﬂU|d CSF, |asma . . . . | TKENVVQSVTSVAEK (missed 1) 44 - 58 3+ 540,29 820,4 634,3572,3 19 17 02 4+ y . .
J ) J ( P ) We choose to follow most of the proteotypic alpha synuclein peptides except the C-ter  Proteotypicgamma ENVVQSVTSVAEK 46-58 2+ 69536 . onn09485 55 9o < =
) ] ] ) o synuclein peptide 820,4733,4756,4 E l
peptide, representing around 70% of protein sequence. All the peptides and transitions 1005,6 906,5 | & | & = . F
. . _ : _ EQANAVSEAVVSSVNTVATK 61-80 3+ 668,68  819,5732,47003 24 22.7 0 R . G S .o S VA . G w0 . v~ SN .
Alpha synuclein sequence: were selected based on observed sensitivity and selectivity in biological sample 101@25,7482050,74174 . : 0 5 50 o 20
(ac)MDVFMKGLSKAK TKOGVAEAAGKTKEGVLYVG compared tq the spiked internal labelled standards. C—tgr_pept@e containing a_l_or_1g R TVEEAENIAVTSGVVR 81-96 2+ 837,44 cateee 3 213 Retention Time
SKTKEGVVHGVATVAEKTKEQVINVGGAVVIGVTAVAQKTVEG reSI?u? chain (?jo a;‘ IOch])g[))/fgd Qorg_pcrse_d |Of maf:y ?‘ﬂdlc residues, dMS SenSItIVIt?j/ alpﬁa-unit)- TFPHIPEHEAAE o ” T R T Figure 4. Represent the LC-MRM chromatograms extracted from Skyline software of the synuclein
SEEGYODYEPEA to select the beta and gamma synuclein peptides to be followed. MS parameters 4-2 L.C-MRM an alysis in biological samples peptides in CSF. From left to right, peptide name are QGVAEAAGK, QGVTEAAEK, EGVVAAAEK,
(collision energy, applied voltage on quadrupoles) were optimized accordingly (Table 1). ' EGVVGAVEK, EGVLYVGSK, EGVVQGVASVAEK, ENVVQSVTSVAEK, TVEEAENIAVTSGVVR,

Separation conditions (LC) were optimized using different mobile phase composition 7 peptides all along the alpha synuclein in blood plasma and 5 in CSF were  EQVTNVGGAVVTGVTAVAQK, TVEGAGSIAAATGFVK, TYFPHFDLSHGSAQVK respectively.
detected, allowing to cover 70 % of the protein sequence in plasma and 55% in

CSF. Despite that three of the alpha synuclein peptides seen are common with
the beta synuclein, one unique peptide for the total beta synuclein was detected

Beta synuclein sequence:

MDVFMKGLSMAKEGVVAAAEKTKQGVTEAAEKTKEGVLYVGSKT
REGVVQGVASVAEKTKEQASHLGGAVFSGAGNIAAATGLVKREEF

(ACN, water, FA and DMSQO). Sample preparation (protein precipitation, protein clean up
and digestion) was also optimized:

6000 +

PTDLKPEEVAQEAAEEPLIEPLMEPEGESYEDPPQEEYQEYEPEA -« Protein precipitation protocol was previously optimized and described by [Bros et al, In CSF and plasma. For the gamma synuclein two peptides were observed in so | - :
2015]. plasma covering 35% of the protein sequence. For the first time at our knowledge, = g7
Gamma svnuclein sequence: 5 peptides all along the gamma synuclein were observed in CSF covering more N
y g : * Protein clean up (RPW cartbridges) was optimized using different amount of ACN than 50% of the total gamma synuclein sequence. The LC-MRM chromatograms )
MDVFKKGFSIAKEGVVGAVEKTK TKEGVMYVGAKT (washing and elution step) obtained are illustrated in figure 3, 4 and 5. o Lol - m
KENVVQSVTSVAEKTKEQANAVSEAVVSSVNTVATKTVEEAENIAV : _ . . . . . : - renen e
* Digestion was optimized (concentration of the Tryspsin/lysC, time of digestion, use of ] ENVVQSVTSVAEK [46, 58] EQANAVSEAVVSSVNTVATK [61, 80]

TSGVVRKEDLRPSAPQQREGEASKEKEEVAEEAQSGGD other enzyme: as Lys C, Lys N and GIu-C) to enhanced the sensitivity of the alpha s}

synuclein peptides detection (data not shown).
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Targeted .MRM qpprqach without Immunocap.ture was developed (Flgur.e ¢ o 03 1 Figure 5. Represent a zoom on LC-MRM chromatograms extracted from Skyline software of the gamma
3) P,[.Otem preCIpltitlon fgll?wectlhby a prcl)teltn Cltean tupb afnd p[()ée&létll\; - . synuclein peptides. In first line we have the gamma synuclein peptides detected in plasma and in CSF
'9es If)ﬂ were .per orme Or. € sample trea men. © (.)re ) Protein Protein clean up (RPW Trypsin/Lys C LC-MRM analvsis B ? in the second line.
analysis. 16 peptides were monitored from the synuclein family, as well as precipitation Tips) digestion y 01 1 : )
hemoglobin peptide which are used to check blood contamination in CSF LA 7(\ L !
(Table 1). Data analysis was realized with the Skyline software. Figure 2. Workflow of the LC-MRM analysis of synuclein in biological sample o 1 : : - da :’.5"““ m—— e ""‘\*“”‘“‘““"‘;5 + . 5 . CO n CI usions
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« Synuclein LC-MRM method was developed without immunocapture and anytical validation
synuclein peptides in plasma. From left to right, peptide name are QGVAEAAGK, following EMA guidelines is currently ongoing (LOD, LOQ, LOB, repeatability, reproducibility,

EGVAAAEK,  EGVVHGVATVAEK,  TREGVVQGVASVAEK,  EGVLyvGsk, matrxeffect..). - | |
ENVVQSVTSVAEK, EQVTNVGGAVVTGVTAVAQK, TYFPHFDLSHGSAQVK, ° Clinical validation will be performed based on a well stratified patients cohort (n= 200) with

TVEGAGSIAAATGFVK, EQANAVSEAVVSSVNTVATK, (ac)MDVFMK respectively. synucleinopathies and Alzheimer’s disease.

Figure 3. Represent the LC-MRM chromatograms extracted from Skyline software of the




