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 

Key protein for “misfolding & aggregation”: 
 APP (Amyloid Precursor Protein) or Aß? 
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APP-/- knockout mice are viable 

but show motoric abnormalities 
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Soluble Aß-Fibrils in Vitro from Aß(1 -40) 

Native PAGE in 250 mM Tris-buffer   
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Aggregation and fibril formation of α-Synuclein 

  -  key protein in Parkinson„s disease  - 

 

Oligomers? 



Analytical Chemistry & Biopolymer Structure Analysis  

University of Konstanz 

ü 10 µg aggregates 

 

ü 15 % Separation gel 
 

ü 5 µl LMW marker   

Alpha- Synuclein: 

“Misfolding/aggregating” proteins show “oligomers” AND 

degradation products  

LMW                S4 (2 d)                S4 (4 d)               S3 (2 d)              S3 (4 d) 
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S3 α-Syn in ammonium acetate 

S4 α-Syn in ammonium acid carbonate 

Camelia Vlad 
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Å    Identification of alpha-synuclein proteolytic fragments 

 

•   Synthesis & aggregation studies of synuclein fragments 

               Affinity- Mass Spectrometry 

     Online identification/affinity quantification from biological   

 samples 

 

 

     
              

 
  

          

                

                                     

 

 
 

      
  

      

  

  

  

    Ion Mobility Mass spectrometry 

 

  

Camelia Vlad      Kathrin Lindner 



Analytical Chemistry & Biopolymer Structure Analysis  

University of Konstanz 

Ion Mobility Spectrometry  

+ + 
+ 

0 

0 

drift time (ms) 

drift time (ms) 

Ion Mobility Mass Spectrometry 

Drift  tube 

mobility  

collision cross section (Å2) 

Ze: ionôs charge  
Kb: Boltzmannôs constant  

mI and mb: mass of the ion and the mass of the buffer gas  

tD : ionôs drift time 

E: the electric field strength  

L :the drift length 

P, T and N are the pressure, temperature, and neutral number density (at STP) of the buffer gas 
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Ion mobility 

•Separation of ions as they drift through a gas 
under the influence of an electric field 

•Rate of drift is dependant on the ion’s mobility 
through the gas 

•Mobility is dependant on factors such as 

–Size 

–Shape  

–Charge 

•Ion mobility offers the potential of a 
“conformation-specific” separation 
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Waters Synapt Ion Mobility MS  
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Neuronal a-Synuclein – structural details 

•member of Synuclein family 

•expressed in neurons of CNS 

 

•unstructured and natively unfolded 

 

•Consists of 3 regions:  140 aa (14 kDa) 

 

•N-terminal region (1-60) 

•Hydrophobic amyloidogenic component (NAC) region (61-95) 

•Negatively charged C-terminal region (96-140) 

 

PDB ID:  1XQ8  

a-Syn wt -Syn mutants 
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1 MDVFMKGLSKAKEGVVAAAEKTKQGVAEAAGKTKEGVLYVGSKTKE 

47 GVVHGVATVAEKTKEQVTNVGGAVVTGVTAVAQKTVEGAGSIAAATG 
94 FVKKDQLGKNEEGAPQEGILEDMPVDPDNEAYEMPSEEGYQDYEPEA 

 

 The -synuclein primary sequence can be divided into 3 domains: 

 

1. amino terminal domain (1-60): 

 - both PD mutations: A 

 - 6 imperfect repeats of 11 amino acids with hexamer motif KTK(E/Q)GV  

 - helical conformation, membrane 

 

2. central region (61-95): 

 - amyloidogenic NAC (non-Ab-component) sequence 

 

3. carboxy terminal domain (96-140): 

 - is rich in acidic residues (Glu + Asp) and proline -> disordered conformation 

 - deletions from this region predispose -synuclein toward fibrillogenesis 

  

Primary Structure and 

Characteristic Domains of α-Synuclein 
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HPLC and ESI-Ion Trap- MS of recombinant α-Syn 

(fresh preparation) 

•50 µg (0.1 µg/µL) 

•Column C4 Vydac 

•λ= 220 nm 

•10 µM  

•1% HCOOH 

MDVFMKGLSK AKEGVVAAAE KTKQGVAEAA GKTKEGVLYV 
GSKTKEGVVH  
 
GVATVAEKTK EQVTNVGGAV VTGVTAVAQK TVEGAGSIAA 
ATGFVKKDQL  
 
GKNEEGAPQE GILEDMPVDP DNEAYEMPSE EGYQDYEPEA 

1 
 
51 
 
101                                       140 
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N-Terminal truncation of alpha-synuclein / 3 hrs 
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Camelia Vlad 
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S1 α-Syn intact protein 

S2 α-Syn in PBS buffer  

S3 α-Syn in ammonium acetate 

S4 α-Syn in ammonium acid carbonate 

A.  B.  

Tris-Tricine acrylamide gel separation 

 of α-Syn in vitro aggregation (1 – 7 days) 
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Retention time (mins) 

Drift time (bins) 

Peak 1 

Peak 2 

m
/z

 
a) 

b) 

c) 

%
 

TOF 
Orthogonal  

quadrupole 

Triwave technology for ion mobility separation 

(Waters Synapt- QTOF)  
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3906_T002.raw  : 1

S2.2d
A

A

B

C

A = Buffer related ions
B = Truncation peptide ions
C = -Syn protein ions

Analysis -Syn incubated at 37 oC /5 days 

- Driftscope data view 
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3906_T002.raw : 13906_T002.raw : 1
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Identification of proteolytic truncation products of α-Syn 

 by ion-mobility mass spectrometry 
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Deconvoluted spectrum of α-Syn (S2 days): 

Proteolytic fragment at V/T  71/72 

 [M+H]+calc : 7271.36 Da 

 [M+H]+exp  : 7271.11Da 
 

ØThe proteolytic fragment α-Syn (72-140) is shown to be a key product for the 

oligomerisation/aggregation pathway   
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MDVFMKGLSK AKEGVVAAAE KTKQGVAEAA GKTKEGVLYV GSKTKEGVVH  

 

GVATVAEKTK EQVTNVGGAV VTGVTAVAQK TVEGAGSIAA ATGFVKKDQL  

 

GKNEEGAPQE GILEDMPVDP DNEAYEMPSE EGYQDYEPEA 

10                           20                          30                          40                          50 

110                       120                        130                         140 

60                           70                          80                         90                         100 

ß-Synuclein lacks the central amyloidogenic domain 

 and shows no truncation and aggregation 

H2N- 

- COOH 

MDVFMKGLSM AKEGVVAAAE KTKQGVTEAA EKTKEGVLYV GSKTREGVVQ 

                                                  70                             80 

GVASVAEKTK EQASHLGGAV     FSGAGNIAAA TGLVKREEFP TDLKPEEVAQ 

 

EAAEEPLIEP LMEPEGESYE DPPQEEYQEY EPEA 

ß- Synuclein 

α- Synuclein 
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3 (A1) 

2 (S3) 

2 (S3) 

MDVFMKGLSK AKEGVVAAAE KTKQGVAEAA GKTKEGVLYV GSKTKEGVVH GVATVAEKTK EQVTNVGGAV  

 

VTGVTAVAQK TVEGAGSIAA ATGFVKKDQL GKNEEGAPQE GILEDMPVDP DNEAYEMPSE EGYQDYEPEA 

10                           20                          30                           40                          50                          60                         70 

80                        90                         100                         110                       120                        130                         140 

1a (S4) 

4 (S2, S4) 

Several truncation & degradation products of α-Syn 

Identified by ion mobility-MS 

Code α-Syn Conditions: Location M (exp) M (calc)  

1 S1 MilliQ 1-140 14460.0 14460.1 

4 S2 PBS* / 2d 72-140 7270.1 7270.3 

2 S3 CH3COONH4/ 2d 14-133 12163.0 12161.5 

4 S4 NH4HCO3/ 2d 72-140 7270.1 7270.3 

1a S4 NH4HCO3/ 3hrs 7-140 13706.6 13708.2 

3 A1 PBS/ 7d 40-140 10436.0 10436.4 

              S2        S3       S4         A1     

            (2 d)     (2 d)    (2 d)     (7 d)     

1,1a 
2 

3 
4 

5 



Analytical Chemistry & Biopolymer Structure Analysis  

University of Konstanz 

  •Synthesis & aggregation studies of α-synuclein fragments   

 

 

     
              

 
  

          

                

                                     

 

 
 

      
  

      

  

  

  

    

Camelia Vlad      Kathrin Lindner 
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Synthesis of alpha-synuclein fragments 

Recombinant expression   α-Syn wt, α-Syn (1-120), α-Syn (72-140) 

Chem. Synthesis/ SPPS                 α-Syn (71-140) 

 

•E.Coli BL21(DE3)[pLys] strain using T7 RNA polymerase 

system 

•centrifugation and resuspend in PBS 

•heated to 100°C for 2 min 

•centrifugation at 4300 rcf for 15 min 

•resuspend in PBS 
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RP-HPLC and ESI-MS of a-Syn (72-140) 

MWcalc = 7273.86 Da 

MWexp  = 7273.94 Da 

RP-HPLC profile 

tR = 43 min 
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Rapid formation of oligomers of -Syn (72-140) 

MWcalc = 7273.86 Da 

Monomer 

Monomer Monomer 

Dimer 

Dimer Dimer 

Oligomer 

Oligomer 

Coomassie stained 

Tris-Tricine-PAGE 

Silver stained Tris-

Tricine-PAGE 

Western Blot 
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4 

1 

Fibrillization kinetics  -  ThT fluorescence assay: 

  Enhanced aggregation rate of αSyn(72-140) 

    full-length α-Syn 1 

α-Syn (72-140) 4 

96well Blackplates (Perkin Elmer) 

    

25 mM ThT 

7 mM -Syn 
 

100 ml volume 
 

Fluorescence Parameter: 

ex 486 nm 

em 450 nm 

measurement time 1s 
 

•aggregation of -Syn (72-140) is dramatically enhanced 

•αSyn(72-140) shows significantly decreased solubility 

 
K. Lindner et al. (2010) 
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NAC 

domain 

N 

C 

C 

 

On way to unravelling the mystery  -  HDX- MS ? 

 HDX  shows 20 aa shielded 

61 

95 

 

 

Flexible C-terminus: 

 

•  shielding  part of the NAC-region? 

•  cleaving the N-terminal part of aSyn? 
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Pathways of α-Synuclein aggregation: 

Proteolytic truncation/degradation provides key intermediates 

α-Syn monomers 

α-Syn oligomers 

α-Syn fibrils 

α-Syn truncation 

? 

? 
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ONLINE BIOAFFINITY-ELECTROSPRAY MS: 

combining molecular identification and 

bioaffinity quantification in biopolymer 

interaction 

 

Mihaela Drăguşanu, Alina Petre 

 

M. Dragusanu, A. Petre, T. Tu, 

D. Rempel, M. Gross, M.Przybylski, 

Angew. Chem. (2009)  
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Online coupling of biosensor with ESI-MS nsor 
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SAW-Biosensor ESI-MS 

INTERFACE:  Online desalting & concentration 
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                         Introduction 

aΦ 5ǊŇƎǳǒŀƴǳ et al., J. Am. Soc. Mass Spectrom. 2010, 21, 1643. 

Interface with implemented 
trapping column 

    SAW SAW-ESI-MS 

Specificity V V 

Quantification V V 

Kinetics V V 

Chemical structure determination U V 

Coupling of SAW- biosensor and ESI-MS 
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Affinity of anti-Aβ antibody with Aβ(1 - 16) 

by direct coupling SAW biosensor – ESI ion trap MS  
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KD  1.7 µM 

Stefan Slamnoiu 
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pC20 Ab 

149.0145°  

0.2893 µg cm-2 

Brain homogenates 
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0.01095 µg cm-2 

 Online SAW-Affinity-MS of rat brain homogenate transgenic αSyn-m-130 

using alpha-Syn antibody: truncation and structural modification 

  Glycine, pH 2 
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Perspectives for affinity- mass spectrometry / 

Ion Mobility- MS 

       

 

 Online Affinity- Mass spectrometry 

« Affinity-like » separation by Ion Mobility- MS: 

 

   - Identification of antigen epitopes  -  vaccine lead structures 

Biomarker identification 

Ligand- binder recognition & interaction 

 Conformational/topography characterisation 

 Reactive intermediates in misfolding & aggregation  
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•Beta-Glucocerebrosidase : 

• Mutations in the gene cause Gaucher´s 

disease, a LSD characterized by  accumulation 

of glucocerebrosides.  

 

•   Misfolding - aggregation associated with     

 Parkinson Disease? 

-   Interaction GCase – alphaSyn?  

 (presently under study) 

Lysosomal Storage Disease Proteins: Misfolding – 

 Aggregation causing neurological disease? 
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… Coworkers, Collaborators, €€€... 
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Univ. Konstanz     Res. Center Proteostasis 
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ANALYTICAL CHEMISTRY & BIOPOLYMER STRUCTURE 
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DGMS Fachgruppe: Affinity-Mass Spectrometry 

Sepptember 12-15  2011     University of Konstanz 

Bioaffinity- Mass Spectrometry in Life Science and Biomedical Analysis 

www.affinityms.de 


