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Key protein for “misfolding & aggregation”: .
APP (Amyloid Precursor Protein) or A3? i
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Soluble AlFFibrils in Vitro from Al3(1 -40) Eaacsas
Native PAGE in 250 mM Tris-buffer gy
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Aggregation and fibril formation of a-Synuclein ==
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- _key protein in Parkinson'‘s disease - -

a-Synuclein
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Conway, et al Nat Med 1398 Conway et al PNAS 2000 Goldberg and Lansbury, Nat Celf Biol 2001
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Alpha- Synuclein: -
“Misfolding/aggregating” proteins show “oligomers” AND :
degradation products .
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lon Mobility Mass spectrometry
A ldentification of alpha-synuclein proteolytic fragments

e Synthesis & aggregation studies of synuclein fragments
Affinity- Mass Spectrometry
Online identification/affinity quantification from biological

samples
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lon Mobility Mass Spectrometry HEssss
i
Drift tube h::;;::‘ |
Electric field e,
> b g,é’i)
\.-\.-\.-\.-\.\\.\-\-\.-\\\.-\.-\\\\ v
ST l(l f{(((((( (((((((( ((((( llll/lllll
w! ““‘ To detector
1‘\1“1‘/‘1‘/}-}1‘1‘/‘/}1‘1‘1‘\1‘\1‘; S

mobility K =— = —

collision cross section (A

(18m)1/2  ze [1 1]”%35?:&0 T 1
16 (k)12 L P 273.2N

Ze. i o rhlage

Ky, Bol t z comstanto s

m, andm,: massof theion andthe massof the buffergas
tD:i 0 nlrﬁtsime

m; Mg

O drift time (ms)

nnfh |
hedrift | h
edrift lengt AnapyicalGhemisiy & Biopolymer Structure Analysis
ndN are the pressuretemperatureandneutralnumberdensity( 5 wvel’fg% of Konstanz



lon mobility

e
[ X M1

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

e Rate of dri ft 1 s depend:
through the gas

« Mobility is dependant on factors such as
— Size
— Shape
— Charge

* lon mobility offers the potential of a
“conformation-specific” separation
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Waters Synapt lon Mobility MS i

LOCKMASS
REFERENCE SPRAY

T-WAVE 4

; PUSHER DETECTOR
ION GUIDE DRE LENS TRIWAVE USH ECTO

QUADRUPOLE F V A

4 ;

ANALYTE SPRAY ION MOBILITY

RAP SEPARATION TRANSFER

)flfuhﬁ}ﬂwmﬁr#n)fn

444444444

OIL-FREE AIR-COOLED TURBOMOLECULAR PUMPS

SCROLL PUMP

High Definition Mass Spectrometry ™




I
PLLLEY

P
|

I

Neuronal a-Synuclein — structural details =5

iia
a-Syn wt o-Syn mutants
A30P E46K  AS3T
1 MDVFMKGLSK AKEGVVAAAE KTKOGVAEAR GKTKEGVLYV GSKTKEGVVH GVATVAEKTK t MDVEMKGLSK AKEGVVAAARE KTKQGVAEAP GKTKEGVLYV GSKTKKGVVH GVITVAEKTK
61 EQVTNVGGAY VIGVTAVAQK TVEGAGSIAA ATGEVKKDOL GKNEEGAPQE GILEDMPVDP 6l EQVINVGGAV VIGVIAVAQK TVEGAGSIAA ATGFVKKDQL GKNEEGAPQE GILEDMPVDP
121 DNEAYEMPSE EGYQDYEPEA 121 DNEAYEMPSE EGYQDYEPEAR
» member of Synuclein family C
. AR, 02 A S
« expressed in neurons of CNS PR " oambabaded £ 2 NPRPEY Y as
Lys45 9a
L'":‘ Val3
 unstructured and natively unfolded \_g p ARJSRNINNT N
val37 PDB ID: 1XQ8
» 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)
N-terminal region NAC region C-terminal region
N I | ¢
61 95 140
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Primary Structure and S=r
Characteristic Domains of a-Synuclein i

=

1 MDVFMKGLSKAKEGVVAAAEKTKQGVAEAAGKTKEGVLYVGSKTKE

47 GVVHGVATVAEKTKEQVTNVGGAVVTGVTAVAQKTVEGAGSIAAATG
94 FVKKDQLGKNEEGAPQEGILEDMPVDPDNEAYEMPSEEGYQDYEPEA

The a-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 a-synuclein toward fibrillogenesis
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HPLC and ESI-lon Trap- MS of recombinant a-Syn
(fresh preparation)
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Absorbance (220 nm)

1
MDVFMKGLSK AKEGVVAAAE KTKQGVAEAA GKTKEGVLYV
BISKTKEGVVH

TNATVAEKTK EQVTNVGGRAOVTGVTAVAQK TVEGAGSIAA
ATGFVKKDQL

GKNEEGAPQE GILEDMPVDP DNEAYEMPSE EGYQDYEPEA

*50 pg (0.1 pg/uL) *10 uM
*Column C4 Vydac 19+ *1% HCOOH
A=220 nm 762.1
18+
40 - - 804.4
724.1
21+ MW o, : 14460.31 Da
30 - 29.8 689.7 Mw . : 14460.25 Da
Am = 13.8 ppm
20 1 17+
- 851.6
' 658.4
10
23+
. 629.7 965.0
' ' 0 5p 600 650 700 750 800 850 900 -

950 1000 1050 1100 m/z

Time (min)
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N-Terminal truncation of alpha-synuclein / 3 hrs e
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964.8
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s Mo, 2137085
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( - Tris-Tricine acrylamide gel separation Ren=n wo
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e oies  of a-Syn in vitro aggregation (1 —7 days) [l
A. B.
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200 = 200 g — 6
100 s— 100=
S f =
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30 . 25—
25 T 20 -
20 e A e e a» !
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15 — 10 - 3
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10 —
S1 0-Syn intact protein
S2 a-Syn in PBS buffer
S3 0-Syn in ammonium acetate
S4 0-Syn in ammonium acid carbonate
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Triwave technology for ion mobility separation
(Waters Synapt- QTOF)

I

I

[ [>

b)

. -
ION MOBILITY
H TRAP SEPARATION TRANSFER
Orthogona| D coccca2oooa | acace |
II- —AHWHAHRHARRRRRARRARA— 1 TOF
quadrupole | , -
L

(0.00_13.99) (1_200) (350_4000) (4.8,232177)
'

%

(0.00_13.00) (1_200) (350_4000) max: 4000 miz
40007

3000

2000

m/z

1000

1388

Analytical Chemistry & Biopolymer Structure Analysis
University of Konstanz



THIIT
PLLLEY

- Analysis a-Syn incubated at 37 °C /5 days =
i e - Driftscope data view

TSI

2300

2000

miz

1000

= Buffer related ions
B = Truncation peptide ions
C = a-Syn protein ions

299

4513 9025 13.538
Crift Time (milli secs)
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Identification of proteolytic truncation products of a-Syn e
by ion-mobility mass spectrometry iim
a) .
€
peaym Drift time (milli secs) Wy Peak 2
Sy 0240 sym 0100
100 100 14459.4
b) 7 Na 7292.1343 C) = Dimer
—_— > 28919.6
0""w \ w“ e e ‘ ettt 9 " s 5005500038000 mass
d)
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Deconvoluted spectrum of a-Syn (S2 days): =

: N
Proteolytic fragment at V/T 71/72 8 2
4
[M+H]* [M+H]*calc : 7271.36 Da
100~ 7271.1191 [M+H]*exp : 7271.11Da
S
[IM+Na] *
72911343
| 7250830 72565034 7292.6401
| 72716694
. 7261.1533 7289.6245 7309.1270
R L N SR 1< R VI | vt it
7250 7260 7270 7280 7290 7300 7310

@The proteolytic fragment a-Syn (72-140) is shown to be a key product for the
oligomerisation/aggregation pathway
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3-Synuclein lacks the central amyloidogenic domain
and shows no truncation and aggregation 1

|
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a- Synuclein
10 20 30 40 50
H,N- MDVFMKGLSK AKEGVVAAAE KTKQGVAEAA GKTKEGVLYV GSKTKEGVVH

60 70 . 80 : 90 100
GVATVAEKTK EQVTNVGGAV VGV TAVAQK TVEGAGSIAA ATGFVKKDQL

110 120 130 140
GKNEEGAPQE GILEDMPVDP DNEAYEMPSE EGYQDYEPEA- COOH

[3- Synuclein

MDVFMKGLSM AKEGVVAAAE KTKQGVTEAA EKTKEGVLYV GSKTREGVVQ
70 80
GVASVAEKTK EQASHLGGAV FSGAGNIAAA TGLVKREEFP TDLKPEEVAQ

EAAEEPLIEP LMEPEGESYE DPPQEEYQEY EPEA
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Several truncation & degradation products of a-Syn =545
Identified by ion mobility-MS 5 2
la(S4) 2(S3) 3 (A1)
10 20 30 0 50 60 70
MDVFMEGLSK AKEGVVAAAE KTKQGVAEAA GKTKEGVLYY GSKTKEGVVH GVATVAEKTK EQVTNVGGAV

80 90 100 110 120 130 140
GVTAVAQK TVEGAGSIAA ATGFVKKDQL GKNEEGAPQE GILEDMPVDP DNEAYEMPSE EG?YEPEA

4 (S2, S4) 2 (S3)
© 83 ~S4 Al
(2d) (2d) (v0) Code a-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 CH;COONH,/ 2d 14-133 12163.0 12161.5
& o o™ 4 S4 NH,HCO,/ 2d 72-140 7270.1 7270.3
2 la S4 NH,HCO,/ 3hrs 7-140 13706.6 13708.2
2 3 Al PBS/ 7d 40-140 10436.0 10436.4
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*Synthesis & aggregation studies of a-synuclein fragments

Camelia Vlad Kathrin Lindner
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Synthesis of alpha-synuclein fragments Zst=;

TS

Recombinant expression a-Syn wt, a-Syn (1-120), a-Syn (72-140)
Chem. Synthesis/ SPPS a-Syn (71-140)

1  MDVFMKGLSK AKEGVVAAAE KTKQGVAEAA GKTKEGVLYV GSKTKEGVVH GVATVAEKTK

72 120
61 EQVTNVGGAV VTGV[TAVAQK TVEGAGSIAAATGFVKKDQL GKNEEGAPQE GILEDMP\DP

121 DNEAYEMPSE EGYQDYEPEA

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) mw

TS

72 TGVTAVAQK TVEGAGSIAA ATGFVKKDQL GKNEEGAPQE GILEDMPVDP DNEAYEMPSE

8+
131 EGYQDYEPEA 910.4
MWocalc = 7273.86 Da

5 MWexp = 7273.94 Da
£
g 10004 1(7110_1
% 500
g 9+ 6+
% 0. | ‘ . . | . 809.3 12133

0 1|0 2|0 3|O 4IO 5|O 6|0

time [min]
RP-HPLC profile

10+
7287
L e LJL I \JWL.‘__J\ L_M”Mm L s LJM‘-MIL... s b . Aol Jm

—_ e B e e e L i B e e e e e e e e
600 T00 800 900 1000 1100 1200 1300 1400 miz
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Rapid formation of oligomers of a-Syn (72-140) :

]
= EE

MWcalc = 7273.86 Da
Coomassie stained Silver stained Tris- Western Blot
Tris-Tricine-PAGE Tricine-PAGE
kDa kDa
200 == 200
40 [w-—= Oligomer >0
30 30 |
75 . Dimer 30 &  Oligomer
20 : Dimer 25 Dimer
15 == @ Monomer ZQ .

B e

10
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Fibrillization kinetics - ThT fluorescence assay: =4
Enhanced aggregation rate of aSyn(72-140) mm i

TSI

full-length a-Syn 1

560004 | 9-Syn (72-140) 4 4

= ]
96well Blackplates (Perkin Elmer) |'E 48000-

5 1
25 uM ThT o il
7 uM a-Syn D 40000 |

-
100 pl volume % 32000__ A
Fluorescence Parameter: 9 240004 * » 1
ex 486 nm S 1
em 450 nm S 16000+
measurement time 1s 0 1. e

S 8000w+

E .

0 | | | |

|
0 20 40 60 30 100
incubation time [h]

e aggregation of a-Syn (72-140) is dramatically enhanced
* aSyn(72-140) shows significantly decreased solubility

- K. Lindner et al. (2010) Analytical Chemistry & Biopolymer Structure Analysis
University of Konstanz
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On way to unravelling the mystery - HDX- MS ? i

Limited degradation?

HDX shows 20Caa shielded

How and why?

Buried aming acids?

Where anq Why?

Shicla:
hleldmg Mechanjgy, »

Howo

NAC
domain

Flexible C-terminus:

 shielding part of the NAC-region?
 cleaving the N-terminal part of aSyn?
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Pathways of a-Synuclein aggregation:

1

Proteolytic truncation/degradation provides key intermediates

e
=

a-Syn monomers

a-Syn fibrils
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ONLINE BIOAFFINITY-ELECTROSPRAY MS:
combining molecular identification and
bioaffinity quantification in biopolymer

Interaction

Mihaela Dragusanu, Alina Petre

M. Dragusanu, A. Petre, T. Tu,
X D. Rempel, M. Gross, M.Przybylski, Analytical Chemistry & Biopolymer Structure Analysis

Angew. Chem. (2009) University of Konstanz



Online coupling of biosensor with ESI-MS

) ) ) Analytical Chemistry & Biopolymer Structure Analysis
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INTERFACE: Online desalting & concentration "
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SAW-Biosensor

4

- .‘ flow 1

1S ‘\\‘é,,

; Elut\iz)\n\ -------
O Times)

- ?‘5?‘"

ESI-MS

[M+14H]14+
[M+15H]25+

[M+16H]16+ [M+13H] 3+

[M+17H]27+

[M+18H]1T [M+12H]12+
|
800

5 pum frit

1.5 cm x 1 mm packed |

40 pm particle size

-2
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Coupling of SAW- biosensor and ESI-MS g

Pump System
70 pl min1

4+
2+

miz

Interface

Waste ESI-MS

auto-adjusting
tube-stem
5 pm Tt

SAW  SAWESIMS

Specificityyrarface with implemerited

2 um frit Qualj]'[lfl(.)atlﬁgpping colunmin
Kinetics

1.5cm x 1 mm
packed bed

Chemical structure determination U

x Analytical Chemistry & Biopolymer Structure Analysis
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Affinity of anti-AB antibody with AB(1 - 16) ==
by direct coupling SAW biosensor — ESl ion trap MS
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525
9'20 _
0 | 10,107ng/cm? HCI 0.1 M
@ 15 anti-AB(17-24) Ethanolamine AB(12-40) elution of
= antibody
o - AB(17-28)
10
- EDC/NHS
5 —
0 — ! AB(12-40)
2000 4000 6000 / 8000 . : !
Intens. ime Lsec ]
X105 T A+ /
] k) M., = 2021,58
| Meyp.= 2021,90
47
: Ko 1.7 uM
37
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[y 1 1007.7
Stefan Slamnoiu (V5HI
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Online SAW-Affinity-MS of rat brain homogenate transgenic aSyn-m-130 m=s
using alpha-Syn antibody: truncation and structural modification t

I
PLLLEY

P
|

[ 1>

Intens

6
x10

41

Phase [deq]

pC20 Ab
149.0145°

0.2893 ug cm-?

Ethanolaminel
1M pH=8.5 :

Brain homogenates
5.641°
0.01095 pg cm=2

Brain
homogenates Glycine, pH 2

/L

N 1
0 2500

1
5000
oL T Timestdo

x
B
\'

7/

1 N 1 N 1
15000 17500 20000

[M + H]* 14487.2
[M + H]* 14593.2

13+

14+
! 1043.1 1323-5

!I

600

700

800

900 1000 1100 1200 m/z
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Perspectives for affinity- mass spectrometry / gzt=s :
lon Mobility- MS il

ST

Online Affinity- Mass spectrometry
« Affinity-like » separation by lon 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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Lysosomal Storage Disease Proteins: Misfolding — EaacEas
Aggregation causing neurological disease? i

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)

Analytical Chemistry & Biopolymer Structure Analysis
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THANKS TO THE MAJOR PLAYERS... s
... Coworkers, Collaborators, €€€... i

TSI

Alpha-Syn & Affinity-MS
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Mihaela Dragusanu Michael G_ross, Wash. Univ. St.Louis
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Adrian Moise David Clemmer, Indiana University
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Marius lurascu
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DGMS Fachgruppe: Affinity-Mass Spectrometry
Sepptember 12-15 2011 University of Konstanz
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