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Protein ,misfolding — aggregation - neurodegeneration - e
Structural basis/mechanism of oligomerization? IIFh
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Key protein for “misfolding & aggregation™ Esis=:

TSI

APP (Amyloid Precursor Protein) or AR? - i
APP
SAPRE Minor / Trace

Main pathway

APP-/- knockout mice are viable
but show motoric abnormalities
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Immunisation with AR(1-42) produces active antibodies agat

AD plagques -The initial breakthrough (1999/2000) i
‘g'#_' . b
A Ol ORI S AT AR M e R T § W
Immunization with amyloid-p r\_ - o ¥
attenuates Alzheimer- .
disease-like pathology e 1 200 um
in the PDAPP mouse & a |
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Aggregation and fibril formation of  a-Synuclein

- key protein in Parkinson's disease - M“
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a-Synuclein

AJOP E46KAJST

H,N COOH
Oligomers?
AJMP ASIT v | .
S — g == - ‘
— - 4 —_—
Lewy Body
DISEASE
Amyloid Fibrils
Cormway, of af Nat Med 13598 Conway ot ! PNAS 200 Goldberg and Lansbery, Nat Call Blod 2007
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Alpha- Synuclein shows “ oligomers” AND degradation = NHN
products grime
Direct mass spectrometry unsuccessful mEEN
2 — 6 days
kDa MW S4 (2 d) S4 (4 d) S3(2d) S3 (4 d)
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10— . . (j1°% Separation gel
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S3 a-Syn in ammonium acetate
S4 a-Syn in ammonium acid carbonate
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OVERVIEW fi-
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I ALPHA-SYNUCLEIN: AUTOPROTEOLYTIC FRAGMENTATION IS KEY
INTERMEDIATE OF OLIGOMERIZATION - AGGREGATION
- ION MOBILITY- MS

II SYNTHESIS & AGGREGATION STUDIES OF SYNUCLEIN MUTANTS
ONLINE- BIOAFFINITY-MS
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Neuronal a-Synuclein — structural details =5

a-Syn wt o-Syn mutants

A30P E46K AS3T

1 MDVFMKGLSK AKEGVVAAAE KTKQGVAEAA GKTKEGVLYV GSKTKEGVVH GVATVAEKTK ! MDVEMKGLSK AKEGVVAAAE KTKQGVAEAP GKTKEGVLYV GSKTKKGVVH GVTTVAEKTK
61 EQVTNVGGAV VTGVTAVAQK TVEGAGSIAA ATGFVKKDQL GKNEEGAPQE GILEDMPVDP 61 EQVTNVGGAV VTGVTAVAQK TVEGAGSIAA ATGFVKKDQL GKNEEGAPQE GILEDMPVDP
121 DNEAYEMPSE EGYQDYEPEA 121 pNEAYEMPSE EGYQDYEPEA

 member of Synuclein family C
. Q‘_‘l - P on Thro2 ’______)"'_\‘___\ —~
o expressed in neurons of CNS 0’3.1.» bl 4+ SPRATRY Y TR
Lys45 T
— val3
. - - '."'.
« unstructured and natively unfolded \_g p ARSASSAIURT N
Val37 PDB ID: 1XQ8

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

* N-terminal region (1-60)
» Hydrophobic amyloidogenic component (NAC) region (61-94)
» Negatively charged C-terminal region (96-140)

. . AR 4 . .
N-terminal region NAC region C-terminal region

N I | ¢

1 61 95 140
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[ChemBioChem 2011]
Autoproteolytic Fragments are Intermediates in the Oligomerization-
Aggregation of Parkinson’s Disease Protein Alpha-Sy  nuclein as
Revealed by lon Mobility Mass Spectrometry
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HPLC and ESI- MS of recombinant a-Syn = A
. tH/N
(fresh preparation) EE i
1
MDVFMKGLSK AKEGVVAAAE KTKQGVAEAA GKTKEGVLYV
RSKTKEGVVH
TNATVAEKTK EQVTNVGGRIOVTGVTAVAQK TVEGAGSIAA
ATGFVKKDQL
GKNEEGAPQE GILEDMPVDP DNEAYEMPSE EGYQDYEPEA
*50 ug (0.1 pg/uL) *10 uM
*Column C4 Vydac 19+ *1% HCOOH
A= 220 nm 762.1
18+
40 - 2o 804.4
724.1
21+ MW ., : 14460.31 Da
20 - 208 689.7 Mw ,, : 14460.25 Da
Am = 13.8 ppm
E
o
S 20 1 17+
§ 22+ 851.6
8 658.4
?
3 10 -
< 23+
] 629.7
0 ' \ ' ' 600 650 700 750 800 850 900 950 1000 1050 1100 m/z

7y

Time (min)
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N-Terminal autoproteolytic truncation =
of alpha-synuclein / 3 hrs i

2 [7:140]

15+980.0
964.8
.y [1- 140]
o l [1' 140] MWey, =14457,5
MWeqe =14460,1
13+
1055.3
[7- 140] fragment
llfgl MWexp :13706,6
o l MWcaIc =13708,2

914.8

i Camelia Vlad

12+

16+ 1205.8
857.6
11+
1247.0
17+
8515 B s
1315.3
1371.6
17+ o+
807.3 1523.9
9+
1607.3
\ ! i Ltangl Il\ i, lisokpel ILJ "
800 900 1000 1100 1200 1300 1400 1500 1600 m/z
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lon mobllity

H= H|
e
TSI

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

lon mobility offers the potential of a
“conformation -specific” separation

- CONCENTRATION- INDEPENDENT

"
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lon Mobility Mass Spectrometry — %31_ ]
Topology-dependent, Conceptratlon- independent It'ﬁ
separation R
Electric field
-
SR \ ------------
L T l lfll/ll/ll
P ﬁ“ﬁ@, 3“ \\\\“‘\: To detector
ii/]]iliiiiiiilii
Focusing rings
" . [ b
mobility E t,V

collision cross section (A) ;
(18m)Y/%  ze [1 1 ‘1"'tDE760 T 1

+ a—
16 (k,)Y*lm; my L P 273.2N
Ze: ion’s charge
Ky: Boltzmann’s constant 0 o
m, and m,: mass of the ion and the mass of the buffer gas drift time (ms)
tp :ion’s drift time
E: the electric field strength
L :the drift length
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Triwave technology for ion mobility separation
(Waters Synapt- QTOF) M

=
=

a) Orthogonal H_ A M \/\ o :‘ : NN \"\ \. > ;‘ L
II- —AHRNHA R AR — 1 TOF
quadrupole [] )
L

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

< 1 s e gt e e
0 ‘ /\
0 8.0 13.99
Retention Time (Mins)
© Peak 2
(=)
(D.00_13.89) (1_200) (350_4000) max : 4000 miz
40007
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e Analysis a-Syn incubated at 37 °C /7 days =7
il s - Driftscope data view 1 il

2500

J_E‘l\_
_..__..__.._...__ ____.j_________.____
= Buffer related ions
B = Truncation peptide ions
C = a-5Syn protein ions
289

20235 13538
Drift Time (milli secs)
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Autoproteolytic fragmentation of ffﬂiz -
a-synuclein - but NOT 3-synuclein i
Coomassie stain Silver stain - :
A) Day O 7 - ;88_
1a’ _— el &
1c* -

B) Day 4

1a'  —
1c’

18,10 - — > — 15 _“
c'— . T e "

=

e— -

C) Day 13

120 — —
1c' .

1a,1b —

1c — —— -
1=

' v
e~ IS

w200 = S —

-— 40 -

— 15 — S

— 10 T

OO, WDN PR

wt- a-syn
a-syn(70-75)Ala,
a-syn(70-75)Gly,
a-syn(72-140)rc
a-syn(72-140)ch
[3-syn

I F4 5] 4 o] ©
?ﬂk
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[3-Synuclein lacks the central domain  (70-72) - VVT

and shows no truncation and aggregation

=

a- Synuclein
10 20 30 40 50
H,N- MDVFMKGLSK AKEGVVAAAE KTKQGVAEAA GKTKEGVLYV GSKTKEG VVH

60 70 80 90 100
GVATVAEKTK EQVTNVGGAV V|GVTAVAQK TVEGAGSIAA ATGFV KKDQL

110 120 130 140
GKNEEGAPQE GILEDMPVDP DNEAYEMPSE EGYQDYEPEA - COOH

[3- Synuclein

MDVFMKGLSM AKEGVVAAAE KTKQGVTEAA EKTKEGVLYV GSKTREG VVQ
70 80
GVASVAEKTK EQASHLGGAV  FSGAGNIAAA TGLVKREEFP TDL KPEEVAQ

EAAEEPLIEP LMEPEGESYE DPPQEEYQEY EPEA

“
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Selective mutation of key sequence in a-syn ==

=253
[ 14 11l

a-syn Wit
IMDVFMKGLSKAKEGVVAAAEKTKQGVAEAAGKTKEGVLYVGSKT

KEGVVHGVATVAEKTKEQVTNVGGA™VV T 2GVTAVAQKTVEGAG

SIAAATGFVKKDQLGKNEEGAPQEGILEDMPVDPDNEAYEMPSEE
GYQDYEPEA?40

o-syn 'O'NAN72

'MDVFMKGLSKAKEGVVAAAEKTKQGVAEAAGKTKEGVLYVGSKT

KEGVVHGVATVAEKTKEQVTNVGGAN AN 72GVTAVAQKTVEGA

GSIAAATGFVKKDQLGKNEEGAPQEGILEDMPVDPDNEAYEMPSE
EGYQDYEPEA 0
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Fragmentation & Aggregation of physiological and pa thological =z

Synucleins: The beta-breaking triplett VVT(70-72 ) lﬂ!it&
A) 1 aSyn wt M...KSEQVTNVGGAT'VVT3GVTAVAQKTVEGAGSIAA . 1407
2 aSyn NAN  M.. . K®EQVTNVGGA'NANSGVTAVAQKTVEGAGSIAA . 1407
3aSyn VFS  M...KS'EQVTNVGGA7'VFS3SGVTAVAQKTVEGAGSIAA.. 1407
4 3Syn ™...KSEQASHLGGAVFS ---=--cum--- BGAGNIAT®A...134A
B) C)
1.5x10" - (72-140)
[M+2Na-H]*
7322.1
1.2x10° - E
s 9.0x10’ -
3 (72-140)
g [2M+4Na-3H]"
= 6.0x10° 146?1.8
3.0x10° 4
M‘ .hll .l.j[ . L ll . T L_
6000 8000 10000 12000 14000
m/z
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Alpha- and 3-synucleins differ by the highly disorde red (70-72)VVT domain
Intrinsical disorder degree

1.0 P
,//V/
0.97 / //
/'/f

tos
) NS AR
O 1Y o asyn- wt
307 L0 asyn- wt /(A asyn-NAN
S A e asyn-VFS
g ' L -
n N
S /N

0.5 /

0.4 Rsyn |

0.3 | ‘

0 20 40 60 80 100 120 140
residue number =

Disorder prediction of human aSyn wt, aSyn(70-72)-mutants and BSyn by PONDR-VSL2B algorithm. The horizontal
line at 0.5 represents a threshold for disordered/ordered residues. Residues above 0.5 are predicted disordered,
while residues below 0.5 are predicted ordered. The discontinuous region of RSyn (dashed line) is due to the lack
of 11 amino acids (73-83).
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eSynthesis & aggregation studies of  a-synuclein fragments

Camelia Vlad Kathrin Lindner
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Synthesis of a-Synuclein by: - chemical Synthesis (SPPS) sSiss:
- recombinant gene expression IIFh

s=2
ST

——— N-terminal region —}— NAC ——|— C-terminal region —

1 61 71 95 140

o v —coor
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Analytical RP-HPLC and ESI- MS of recombinant =7
a-Syn (71-140) g i

« 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 and resuspend in PBS

*Column C4 Vydac

A= 220 nm «10 uM
*Gradient: 0-5 min 20 %B, 5-50 min 1%/min *1% HCOOH
Intens.
x107 352.73
MW ., : 7373.94 Da
. Mw . : 7373.97 Da
= 2000+ 0.8 820.35 Am= 4.1 ppm
T tx=30.2 min 7+
E. 15004 - 1054.38
c
o
N 10+
g 1000+ 04 738.44
)
(&)
g
o 500- 0.2 11+
o 671.45 o+
[72] |
ge ‘ ‘ o ‘ | ‘ 1229.87
0 T T T 1 0.0 e J“\‘V L ‘ \
10 20 30 40 50 ' 400 600 800 1000 1200 1400 m/z

time [min]
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Fibrillization kinetics - ThT fluorescence assay:
Substantially enhanced aggregation rate of  aSyn(71-140

" —
s

’

A) 6.0x10%+ -
200~

5.0x10% l
96well Blackplates (Perkin Elmer) .
5 " % 4.0x10*1 =
> UM Thi a-Syn (72-140) 4+ -
7 UM a-Syn - e s
3.0)(104‘. 15_-
100 pl volume 10-
Fluorescence Parameter: Cle——— = & & 5F b

. B) 3.5)(104“ 200~
measurement time 1s

3.0x10%

200—

full-length a-Syn 1 —

Faso/ss

50—

25-2
15—

2.0x10% 4

1 .5X 1 04 T T T T T |
0 20 40 60 80 100 120
time [h]
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aSyn fragmentation - aggregation — Esiu=as
Key Mechanism in Vivo? i
Monomer Soluble oligomers Protofibril Amyloid like- fibril

O () A30P2AS3T® A53TD
° 2 ‘8 <8 m o:r??b

\ / -
< I .. ‘&O' .
EXs ® -
o ,
Truncation/ Degradation Lewy bodies

A30P 2 - promotes the formation of oligomers
A53T P - promotes the formation of fibrils
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Epitope specificity of anti-Ap(1-16) antibody
by online SAW — ESI MS

(

N
o

w
ol

w
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N
(¢}

10,107ng/cm 2
AB(12-40)

HCI 0,1 M
elution of
AB(17-28)

anti-A B(17-24)

Ethanolamine
antibody

Phase o [°]

EDC/NHS

N
o
I I A I I T N

AB(12-40)

T T T T ¥ T ¥ T
2000 4000 6000 /8000 .
Intens. Time [sec]

10° /
s Tsen Mqqyo = 2021,58
| Mexp.= 2021,90
2]
37 KD 1.7 U.M
27 . [M+3H]3*
Stefan Slamnoiu s 1007.7
17 605.0
0- — N Ah-JULb..A_._L_A_HLJI . . LLN-VJ«..‘I . TN TURUPIOIIN VOUENE PR [

I — 1T — 1 T 7 T T T — T 7 —71 1t 1 T Tt T r T r Tt 1 T 7T
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Online Affinity-MS of alpha-Syn-m130 mutant
Direct analysis from brain homogenate

Brain homogenates

pC20: 200 nM 607 pC20Ab 5.641°
Brain elution 1 149.0145° 0.01095 pg cm2
4 0.2893 pg cm .
homogenates : 10 uM 50 H Camelia Vlad
1 VARRN
40 I 1
— ] I =
5 N Kp = 28 nM
2. 307
O
%) r
@
<
o 204
10 _
; Ethanolamine ! Brain _
1M pH=8.5 ! homogenates Glycine, pH 2
0 I
Intens T T T T T ! —7/f T T T T 1
xlg 0 2500 5000 15000 17500 20000
41 g8 Tmecto
18+
2 811.7 15+
973.7

[M + H]* 14487.2

13+
14+ 11235

1043.1

600 700 800 900 1000 1100 1200 miz




Online SAW-affinity-MS of wt-aSyn in vitro (a) and from
mouse brain homogenate (b)

Figure 3

a. b.
Enmon
- y 0.1M HC1 .
Em o P o \ 1
3 . PR i N =]
g oty g e A $
‘ ot | ' E |
-_: 8 8 § ?: “‘ ‘ ‘l _.:
U: - ‘u. ol ; - ‘r ':
L e —— ————— | - . a—
OO 0 2000 X i 20000 100
Time [s) Time [s)
r‘c 1'.132’3133 g' Mcalc 14486.2168 Da
xp ' a Mexp 14528.9495Da
.1 19
S
(Me16H) | [Me14H]'* PRy
006 2541 | 1035.7173 909.0848
[M+13H])"
1115.3038
" s
[M+12H])"* 855.6613
| 1207.9785 [M+10H)**
I“esis'i;'la" Me1TH)'™ 4440 3463
1317.8774
0 200 0 1100 & 1200 1400 v

200 pg mouse brain
homogenate S
’ ~
s v Elution
. ) |, 0.1M WSt
-— . L]
’ v
’ ]
' '
' '
i '
' ]
L) ¥
Al ’
] "
L ¢
. v
. ’
‘\ -
100 20000 A

[Me15H)"*
9696045
[Me1aH)
1038.5617
1118.4528

[M+13H)"*

(u.‘?"l‘!'




Perspectives for affinity- mass spectrometry / ; A
lon Mobility- MS i i

TSI

Online Affinity- Mass spectrometry
« Affinity-like » separation by lon Mobility- MS:

- ldentification of antigen epitopes - vaccine lead structures
Biomarker identification
Ligand- binder recognition & interaction
Conformational/topography characterisation
Reactive intermediates in misfolding & aggregation
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