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O MR B BB ZERE, KAR 1300315 2 A 5P oL e Be 48 A RECRIFFEE RER 2 S8 DU IR PR E B pZ2 AR, 3AE 300140;
AR TR R EETUIT B AL EA R T SRR, K 132108; 0 AR — BEBEAN G )R R SR =, KA 130021)

WE R KM 4R (idiopathic Parkinson's disease, PD)) = B BREFAE 2 — A& H BT+ Bt 52 i X 22 5% 2% 38 (substantia
nigra pars compacta, SNpc)Z EUEHEMNZ TCHI 5 (V)& (Lewy bodies, LBs), PD % A LBs Fil / 5t 5) fill 58t HU 30T fini Py Hodde
fi X AR 2 B RE AT 400, LE 4N 5 3 (locus coeruleus, LC)55 i AN Jll fixi X 23 W b IR 38 BE AR 48 0 . &0 HT 1) % )2 (prefrontal
cortex, PFC). MMl {7 )z (temporal cortex, TC)55 K% MiX IATHEERIZ 0. T A LBs A AR, A SOl & E il
PG B EAE AT, B LBs B A B SA N T 5 AT E s a. LBs ARSI B0 o- R filA% & 1 (a-synuclein,
a-SYN)RAEI) 2 FREFYLIR R YA 6 KA YRR D Gl W FR A SR Y)): b. JRBRTE o-SYN 7E LBs WAETE 5 i ik 2= 1& 11

B c.

19 o-SYN FHEE AT M5 o-SYN 547 T LBs; d. 117 A LBs I L4018 )5 R 20 4 10 20 AR 85 (4 5 o)

RERE4l: e LBs MBI BT % 588 Hls A% T 40 Al 7E LC. SNpe il PFC fiji X 4 21K S48 58 (1) 84, 124 Fll 120 Mgk &
Jit, 7 TC B 40 M7k %58 1) 108 Mgk 2 ()58, LLAE TC IR 40 f K S 458 10 29 Mk R )R, FREE S 2. %

N HBHERS T LBs (9788 25U B

KEEIA SURIEINERR, B, EAR EYERY

FRAES Q51

JiU 1M A 4 A% 99 (idiopathic Parkinson's disease,
PD)) 3= B BURFIE 2 — 2 tH I T J R o2 1o X
JIT 35 % 8 (substantia nigra pars compacta, SNpc)%
[ 1% BE 1 28 G 11 % 2 (/) 48 (Lewy bodies, LBs).
PD i N\ LBs Fil / 5% % 1 5% (Lewy neurites, LNs)
I i 9 FeA i X AR 2 kg Refh & s, L
B (locus coeruleus, LC)% fixi T4l o X 22 H |
JIR 25 BE #h 42 o6 DL AR I B2 )2 (prefrontal cortex,
PFC). i J JZ (temporal cortex, TC)%5 K ik % >
i DX G REAH 22 7. PD SRAT W # 0T 9T W7, LBs
WL P AR BRI AE K 75 B B0 G AR R iR LA
AN 10% 5 AL PD(familiar PD, fPD)%5 A A1 90%
Hi ) 4 PD(sporadic PD, sPD)JR AW Iifi K2 W 2%
¥4 LBs fifi 52 A % &) A4 & (dementia with LB, DLB)
S 5y /995 (LB diseases, LBD)T) == 29 BAK Hi 2
— B FEPRZ IR AT I 9559 (neurodegenerative diseases)
JulE PN, PD i LBs. Bl /R 7% 3 2R3 (Alzheimer's
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disease, AD)EE VE M FEBEAF LW 8 #i 4 o0
BRI AR T AT Aot 40 i Ah ) JTORT 4
AL BE 5T ) o A SRR A, i HLEb 2 TR,
F AR, BT A G H o 5
FEHLEIZ M 2RO R, PD 4 LBs FRFESL
SRS a- A% F (a-synuclein, o-SYN)#ZIA K
#& LB 48 557 AD(LB variant of AD, LBVAD)Z%¢ 3t
% 5 193 (synucleinopathies) [ b5 & PR 85 1 ™. %8
F SYN 95 FHI% 4 PD 2% LBs 1§ %5 T
2, SRR L (R ) T AR R
TE G B 1 9 BB i — o, B
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H T 8 E % R S K 9 (protein-conformational brain
diseases) %5 £ 1 i #4J % % (protein conformational
diseases) FIMER S, BRI, fERRER 215 52 M
5 PD 4 LBs HARSFE (B D).

Fig. 1 Morphologic interrelations of Lewy body diseases,
synucleinopathies, neurodegenerative diseases and protein
conformational diseases, in which Parkinson’s disease is
a representative of the chronic progressive

neurological disorders
El1 MRERFDHSHESCMHIERE . RERITIEER
& HZEORNEARERBZ BHEEXR

LBs )8 A 2“8 B PD o5 BEAL ] 1)
“ERT L LI, a-SYN FERI GEAR AR I RAR A R
J, a-SYN KEPR e 319 A2 e R, = A4 BF A B iR
J, eATTIE I BRI R AR oA QI R e e, A
T AR, DA B SRS, il
fPD i FEHLHI® ¥, Ftbln, % O (dopamine, DA)
(AMViE ot S Nn SR CIEAR AR AW i 7/ K (NP GBURY STt o T id
AAR L AT 2 B A R A R WP B e SE A I I AL A G, 4
Gl SN S 7 S N P o7 B v IR O NS
Tl (25 2 IDE 2R 1R DR A IR £ 1 TR kg 1
PROFEG I, LASCARR St AN 455 «-SYN,  fiil 1%
sPD J§ FEALII0S ™, — AR, a-SYN Hgk T
LBs W& s E i, e e 0 s S B —Fh PD
#H ¢ [ 5 (PD related proteins, 5% PD linked gene
products), AHIA 7R PD i EAL IR T AN AT EL
SRR . R, BRI R Bk, AR
PD Az FErf, LBs ths{4E T PTEN 5 G RE A&
IS RS 1(PTEN induced kinase 1) & & 5%

TR B 1 P 4 R AL D SR IA I B 5 2
(leucine-rich repeat kinase 2). ¥ 3& Kl DJ-1 K14 7=
Y (oncogene DJ-1)%5 5 Z& K 44 ) fig AH O 1) £ 11 )5
PL K ¥Z % (ubiquitin, Ub) C % /K fift B L-1 (Ub
C-terminal hydrolase L1, Uch-L1). E2 4 #i+ Ub-
B8 0% B E3 7 M A& parkin (E2-dependent
ubiquitin-protein ligase E3 isoform parkin, Parkin)%5
5 R AR D) BEAH OC (T i) XL 5 S B
PD MG H B L4 i 3 — 5 45718 PD g BELAIL T

SEhr b, A8 LBs i A A Ky 7, b
P8 R TS ful By b 22 358 AR . BSUER O IS 2 LA
FOEHAASE LR SR SEPDTT, 7 H AR 4
G KU T AN A A M BRGSOk S i i = DA
KR AR R AR A AR E A R, KA,
LBs 18 5l R AT LRI SC? A Gl H A R
S BB TR T LBs.

1 «-SYN RIEHIEEY

LBs [¥] 41 23 45 K 5.0 /2 o-SYN AL 1) K 4
Y. 15 LBs JEHOL R, -SYN ik 21 4E 4 SR 4R
T7 OB a-SYN LH4EIREREEY), B AR £T 4E b 2R
£ oY 4> 7 58 4E (molecular crowding) ok 5 R {b
(oligomerization) /7 B % a-SYN FELFHEIR LD
2 M) (coformers) B 55 2 ¥ (oligomers) 21, — L 47
B2, o-SYN LR BN o-SYN SR
SRR A URED AL LBs WA IO AFAE 1) 2 P
AEL G ERIE WK, a-SYN ZH4BIRER S 2
R EWALE LBs WINEATERS, 1 o-SYN 5%
RPN A UREWAE LBs WIS IES. Ff
—UERIE WoR, R AR RN LBs N, B
TR UL o-SYN ZEERY 4, AR A 3 %
B LBs A, R BURAEYI LL o-SYN T 4EIR R4
/SRR

a-SYN 71 HRAE M RED N B AT 3 B IR 1)
S T%IE, B, B o-SYNL AEFVE o-SYN
A B o-SYN. 556, Bk o-SYN JE TR
5 17 (unfolding proteins)™ . 7EH 4 a-SYN [ C
Ui DX B A C i X B R IX Bz ) BL & C il
X B 5 N i BUZ 0], 7K P 2 S R i ik 2 ) 35
EAEBKAE . RN, 7R C o X B HoAth X
Btz ), MR W gl FEMR Ak I ) 4711 i v A
X LR ik L 2 1) () AH B A I BRI E a-SYN B %
o BETEAN / B B v R TR A5, o«-SYN BLH
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AP RS B i 5. B, B o-SYN B
AR A PR iy A7 A PR (R SR AR AE, BEAN S 1R 53
T XK IR, e T & o
M= ok, HRKZHOFT A a-SYN AR BR A
I JE T3 H1 B B 11 Wi (partially folded proteins)™ 2.
FEAEFIPE o-SYN I N 3 X Be N 2R IR AR
(i) 308 ok S B A A AR FH R 5 A o R TE, SR,
B HAR BEATISRORFE T8 o-SYN ISR FG 529,
AL, AR B o-SYNGHEXS T8 a-SYN)IRIFH
LK PER AR AT, BEARANAE NS 70 X B 1k
YIS, HESME EARE S TSRS, &
Wi N B o IR 4 & T 4o )i B 4id
TR EIR T, e TN, Bk o-SYN
FAEFPE o-SYN LA M B T 3 821 o-SYN
b, T AR P AR v ) BT S A B AR
RIS &, BATIE NI ) 2 M B B v o
HEEBEM %2, FIk, 48K 2 800k
a-SYN 7Rl BR A M@ TR & H A i
(misfolded proteins)™2. ZEJ EEE o-SYN [ H[H] [X.
BORSLPR B X B Y, 2R A ) T
FZFERA 7 AR ) Bt X (non-AB component of
plague, NAC)JERL T 54~ B F )z, i & i HAd X
BEAARARFE T 0T 42 o-SYN st dhfg 50, Kk,
TEHNE o-SYNCGHI T 2EFIVE o-SYN)BRAF4 misfizk
PERBAR A AT 1, AAEL R KBS 91
i WAL KA TR ERSE, DERARES
A 5 AN P &5 R ) BT I AR 28 (intermediate
organelles) {R] 1B X A7AE 41 i J5e).

T Wi LBs (AL G5 /) Hion, ACE &
F AR R B 047, (D3 o-SYN RAL M £T
YR ZR SR W VA 20 Ry T 2ty B RN RRAR A 45 B 2 2R
ll, ()FF a-SYN FRAE AR AR DA R
R BRS BRIR. AEFRIR R (EED £T4EIR DA S 2T
“efk 6 MNRAE W 3 1, http://www.pibb.ac.cn/cn/
ch/common/view_abstract.aspx?file no=20130065&flag=1).

2 REM «-SYN B FEIERR

£ a-SYN RALFRED L R, FH A m
A AAAE U I R T B o-SYN I FETE [ .
il A B TR B AR R A R R AL, LA SR AT
Ph BK R BT ) 5 8 1 R RER I, N LBs
g R, T W B o-SYN 7E LBs P I A7
IR, ASCE M E A e G RS b, R
o-SYN IS B HRARAS T A0 A (DB AL - (i) %At

(LIRS . FRIEAA AL, SRBEALRT DA %1h).
(iil)iZz FAMIZ FZAGEE 3 Tl W B,
DA K (iv) #1504 0 A (v) B 1 0 AT R AR 2 A
HoAh 1 = 5B M 2K (WY % 2, httpy/
www.pibb.ac.cn/ cn/ch/common/view_abstract.aspx?
file no=20130065&flag=1).

BEAh,  o-SYN 7E B 2 R AL 1 A7 s 418t
BB a-SYN [ A2 o-SYN H Al fi
TERE o BR e ) EEAL IR —B SR, a-SYN 14
WAL 2 AFE T PD A LBs N, IXT]
AE 24 B o-SYN 75 LBs i FE i sh h 2 5
THEAFREDIEKRS. REER, LB B
TERAMRERE % (e o-SYN TE R o W8 NE, J HB%
i€ a-SYN [P ZRAE AL,

3 o-SYNHXEAR

a-SYN TEJix N 1) = ZE Dy g 2 7 DA 1) 4= 3
TP o-SYN YA H 32 223 I R a4 FH 11
%R ¥£ L ¥ (tyrosine hydroxylase, TH) 17 DA &
B,k AE T B Y R i 8 a8 4R -2 (vesicular
monoamine transporter 2, VMAT2)1i 15 DA H#i£
196 JHEV AP T 5 iz 2 2008 ST HE Y PO A DA 3
MAHE 36 R b 4y d ok, T AR F T G
D2 Il 5 K ki DA FsE vk, I AE T DA B
12 1 (dopamine transporter, DAT) i 15 DA M 5 fiii
Vi) S50 P E 280 4 P P, DA R 3 Ik A T s R A
p53 W (E P53 H ) A 2 O Re pl 4 T i
22 SR, W2 o-SYN HKEH IS o-SYN
AR AR S SR/ B R TMERE R
B a-SYN KIFEIIRE. 4 o-SYN A A 2
BRI V2 . DIRE S R I B, H e
AR L2 R U BN o-SYN 4544 5 T fig
(1 T2,

AR, B L= R, 20 30
A a-SYN FHREE 00 a-SYN HiE 71 8 i
Z Ml Reph & oo, 4 T WG LBs WY a-SYN AH
KEAMAILE o-SYN F3Efr, A &EH
JAEE B2 T EAN T 19 4 a-SYN AH G H
HOl. e AT HE ()14-3-3 85 5 (14-3-3 epsilon
protein, 14-3-3g). (ii)TH. (iii)%2 %4 J5 3% AL 25 1A
¥ ¥ (mitogen-activated protein kinases, MAPKSs) 5+
HE) A A0 1AM 5 A SO 2. (iv)MAPKSs 57 14 44
p38. (VDAT « (Vi)VMAT2. (vi))AB- (viii) a-SYN
ROME A L. (x) MO M R & A 1B
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(microtubulin-associated protein-1B, MAP-1B). (x)
T A E 1 1(MAP tau). (xi) T4 % 11 a(alpha
tubulin, «-Tub). (xii)B-Tub. (xiii)Ub. (xiv)Ub &f
48 A p62. (xv)Uch-L1. (xvi)Parkin. (xvii)G &
1A e 32 A4 B 5. (xviii)ETA 45475 1 p300 LA K
(xix) 58 % 85 1 (7F WL B 5% 3, http://www.pibb.ac.
cn/cn/ch/common/view_abstract.aspx?file n0=20130065
&flag=1).

4 ZEHRUIAERA

78 LBs 8 IR B — FHFF SR A2 % LBs
BEAT S e G 200 M, R BT 2 s s o
A AW XA R 7 O A (s U] 8 e
7). 145 A1k, LBs B C A& H AT 117
(PEULBR S 4, 55 1 #4, http://www.pibb.ac.cn/cn/
ch/common/view_abstract.aspx?file n0=20130065&
flag=1). 24 T WIffi LBs ] CL 50 10 ) Bl e Je 1k »
Wakabayaashi 2552013 45l il 25 (1 )5 2E W15 B2
Hels o34, YOk LBs 1) 93 A~ LBs AN 1 5id)
VG0 AR R IR S5 A L 4 A 1 R A
R B R LA 55 13 AR YRR AL, AR
fEIIER . b, Aia R P e A R N AR
FUSEAE MR A0 i of A5 40 B 45 R ) v Py 45 ) A
i, DL E T PD 4B (G, ki ik D)
REA R 77N 2 1 A4 ) BE A 70020 Sl VY T A4 41 2
M5 5 8 IR S A PD BB (N o-SYN S
PIE R By v o 3 a3 850 U AR ) T B R
B IR A FRIRE ), R LBs (1 2 A0 A it —
AR 10 HEETDIREREA. EAIREAE AL 2R
& R )it AR () DA A B &
g8 (i) o A R P S e SN (i) A0 SR IR &5
F < (v) ki AT 4a g A QTN 40 i A 1 2 b 448
F . (vi)Ub HOPERTE Ub (ORI 25 11 i 4 B fige 2
S8 R Tt K S B (i) B BT B, (i) 40 D
WAG TR QLR RIS LR (x) HoAth
YA Dl e 34307, AR PR 202 5 PD i
HEAL (P DL B 3% 4 55 2 #6843, http:/www.pibb.ac.
cn/cn/ch/common/view_abstract.aspx?file n0=20130065
&flag=1).

N MEAFEA 2RI HA T REE T W
HUL B ATIREREALN, 2HHE N RZR e
RN 22 BOCHR A 1) T F 3 10 58— 41 8 1 o 2y RE A
#. e, o-SYN 5 14-3-3 Z [AEAE IR 2 5 1R
Fea, W Rpp s TR o-SYN 5 MAPs

TR EAFAE RIS IR Y5, W0 S AL 1 S
IREFI) - -SYN 355501 PR B IR I 0 2
[RIAEAE R IR IR P51, W AR R & 5. %
TZ2HOCRIEE T o-SYN BA7 70 7R & A s
PERJUESE ), L A0K o-SYN Kb 4 7 1 HF R
R, ARSCR LRI I K A i B K R
IR

5 ERREFETEHERE

7~ LBs 5 R 11 3 A — Pt o0 S ms 2
X LBs JEAT 8 B 2 0 A, SRAS S @ B Al
TR A FL AT B A 2 ST AN AT A %7 3 SRR A A
JEfRIE S A (T B 5. 75 PD KA. KRB
R, LBs A1/ 8 LNs 285 1 MAEAL T 1) A
KIGZCH RN “Hefe”, I HRBURI TN
FAETE: 6T LC S RA I AN B X, a4 i
FEE M X SNpe BA K& 24 PRC. TC %5 KW 2 A i
X1 3K A LBs W T PD I R 43 B 1) 3 220
H2EAKYE. PD ZEIGIR AR 6 AN BE: 2R 1.
2 BB PDCRE A S 2 BB PD) 8L LC £ HE E
IR ZBEMZICTE . LBs Al / 5% LNs 825 Ak
PERG LS, JF HAE UL B AL . R LR, A
FI2Z)HELFAR IS B IR, PD i A AE LL ]
AT BT ACEIREPR HT ) 28 3+ 4 BB PDCR?
S5 3 BB PD) 2B SNpe £ I R BEFI 22 T3 2
LBs J¥ 55845 S P 2 588 (77 LNs T A dg 1 AR 4E
SR B, ELAE R BB A 2 b R I
PEREE. BEhIRSE. LB RN oD ARG 512
BBERFAEIR, PD g A AL b 3 ) &b -0 R VE 11 (8
IGERI: 25 5. 6 BB PDCR B2 45 6 M Bt PD) &
L PFC. TC RBEEMI £ G k. LBs Al / 8k LNs
TEBCEARRE S B, JF HAR M FEE A 2 |
RIHFAT AR INFIT)REE R S5 AR 18 B B AT
AR, PD i A AR I (8] b - I A S BRIV (BRI IR J5
e, ST A LBs 1 I8 S 5K AR B AL
L, ASCE I 8 AR AEE BF B b, A=
AMFFUERIALN T LBs ¥ 8 T 4124 % e Bl (F
VLB 5% 5 28 1 %64, http://www.pibb.ac.cn/cn/ch/
common/view_abstract.aspx?file no=20130065&flag=
1): (i)PD % A LC. SNpc Ml PFC i X e P 5
B A RALE T, e ALK o T
PD AR G 18 22 e R Ak i e, e S
YRR T 844 124 A 120 MEIEE (B (i)
DLB %5 A\ TC fisi DX 5 1 5 1427 43 Bt 76 41 g 7K
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W3 7R T DLB I A R IA T, 55 Ho
#1108 AMEikdr A 5 (ii))DVLB 5 A TC fixi X
SE TR AL 2 o W AE A B KPR R T
DVLB KAFT 5 8 2% S Rk, e 4
PR as T 29 AMEEE . IR IR g ik
EEA T LBs 18 a2 S e Hdis I, &
4487 LBs 18 1 SR s o S fit 79 e R (7
VLIS 5 55 2 #49,  http://www.pibb.ac.cn/cn/ ch/
common/view_abstract.aspx?file n0=20130065&flag=1).

WL FIR AT, A SCwE LBs 18 A B
Yy 7 FLAS T K E A LBs 41 2L B e 2
a-SYN KAL) 2 KREFYDIR LD 6 KA 4RIk
T B o-SYN 7E LBs WAZLE 5 Kth241E
WA 19 4 o-SYN MG E A4 5 o-SYN
g AT LBs; 117 A LBs (K L4018 BRI 4 b
10 AR R (1 R DD RERE4L; LBs A A4 22 %
SEFEFEL A T 4 B4 LC. SNpe A1 PFC Jlii X 41
LUK %5 ) 841 124 A1 120 Mgk 5 (A 5, 1
TC i DX 40 i 7S5 52 1) 108 ANk 85 (i, PR
75 TC i DX 1) MV 410 B 7K 1 %8 5E 1 29 A i 1 1
Ji.o BIRE . RAMMERS T LBs 198 R
Fe .

2 % x M
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An Analysis of Protein Bioinformatics Datasets Related
to Lewy Bodies of Parkinson’s Disease”
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Abstract Lewy bodies (LBs) in dopaminergic neurons in substantia nigra pars compacta (SNpc) are the cardinal
pathological hallmark of Parkinson's disease (PD), while LBs and/ or Lewy neurites are also seen in
non-dopaminergic neurons in other brain regions of patients with PD, such as noradrenergic neurons in locus
coeruleus (LC), and cholinergic neurons in prefrontal cortex (PFC) and temporal cortex (TC). To explicit protein
contents of LBs in PD, here is an article that demonstrates five aspects of protein constitution of LBs by analyzing
protein bioinformatics datasets related to LBs in PD: (1) LBs is filled with 2 types of alpha-synuclein (a-SYN)
positive fibrilar aggregates and/or 6 types of a-SYN positive non-fibrilar aggregates (described frequently in
literature as oligomers); (2) modification forms of pathological a-SYN in LBs are often associated with 5 species
of chemical modifiers; (3) 19 a-SYN-associated proteins rich in LBs are respectively colocalized with a-SYN; (4)
117 previously reported proteins in LBs in immunochemistry study are at least classified into 10 different groups of
functional proteins with close relationship; (5) proteomics database as protein candidate resource for LBs contains
84, 124 and 120 proteins identified respectively from raw tissue samples of LC, SNpc and PFC regions, and 108
proteins identified from a cellular separation of analyte captured from TC region, and 29 proteins identified from a
sub-cellular fraction of analyte isolated from TC region. It is suggested that the aforementioned aspects
comprehensively and fundamentally reflect protein composition of LBs in PD.
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a-SYN RIEMBEEYMMNEMER ZEIES

i 7F o-SYN BATAF iR R FE T, P a-SYN
2B T eV AR, W, a-SYN SR 4RI 40,
7E a-SYN ZH4DREBED N, A a-SYN AR Sy 5 5 45 4
(proto-filament), ‘BIIFIHA B- F ZKUCPATHES I A R —
AMWFR R B- & X 45 # W) (cross-B structure) B B- — B iR
(B-sandwich)[Z5 438, 2Rk B- I B R — AR IE Rk ALK
L0 BE B 7 T XA B AN R, T01E o-SYN SR 400K
RN, AHABIL R LT 4E R N 2247 T F 4 AN AE AL X
4 (interdigitate), FF HIJE BT — AW« L AR B 8E”
(steric zipper) (K145 403, (EIX AR EERELE MR, ALk B-
AW IR AR RS ISR N “RiBE A4 F 7, {EAH4R
B R A A IR AL T B — AN v BE AR 57 19 3576 25 ) (a highly
conserved common motif), XANFEA LT HIFME 2L 4R EL
IR, TR e a-SYN £F4ER I W BT )02,
—A a-SYN SFYERBEYE T 5H 2O WA 8L LR A
Y, o I8 ST 4 7 Y I o-SYN DY 4 45 #y i R v 41 5 T
KA 25, —8 5 o-SYN F4eRBLEMRIS I EH
2k ity 11 (straight ribbon) FH KA 77 21 (twisted ribbon) 2 MM TEA
e,

. 7F o-SYN AT IR F 4 WAL L FE o, g #
a-SYN 2 [B] AT B 50 #E 1) DU 4R 45 /i A AR S 24
A G A BEHUE R T H, AR CRE R AR
a-SYN THZEHiAE a-SYN [ HE I o-SYN & AEAH B A .
Bk, M o-SYN. A o-SYN FUFiA4E a-SYN 3]
BT a-SYN ZERMMI. §AR, «-SYN ZERMMILR S
B 2R 11 0 SR AL B R B A AN IR TG BT 22 5. AE S IR SRR

oligomers, &Y annular protofibrils). FRIR 5 54 (spheroidical
oligomers). B IR 5L 28 ¥ (chain protofibrils). 1€ ¥ IR R W
(wreath-like oligomers). Jif (X § ) £F 4 IR 5 28 ¥ (prefibrillar
oligomers, 1Y protofibrils) LA & £F 4 IRk 5% 28 ¥ (fibrillar
oligomers) 6 MEAZHIEA, i H, o-SYN FEERWAEMNEER
TEAR 546 n) B AR TR AR A i e AR ik AR b T R IR0 IR ) 5 28
B 5 o-SYN WA AATE — 8 RPN, Lo, Wbz T
A HRPE -SYN TEERIR 5L ZR A v oby A R X 88 v 10 4500 v 7 S
(BN A YRR AR, EPE o-SYN
TR o A AR AR IR BB T )5 3 o AR v 1 B 02,

Z % X #

[1] Breydo L, Wu J W, Uversky V N. A-synuclein misfolding and
Parkinson's disease. Biochim Biophys Acta, 2012, 1822 (2): 261—
285

[2] Vilar M, Chou H T, Liihrs T, et al. The fold of alpha-synuclein
fibrils. Proc Natl Acad Sci USA, 2008, 105(25): 8637-8642

[3] Matthes D, Gapsys V, de Groot B L. Driving forces and structural
determinants of steric zipper peptide oligomer formation elucidated
by atomistic simulations. J] Mol Biol, 2012, 421(2-3): 390-416

[4] Heise H, Hoyer W, Becker S, et al. Molecular-level secondary
structure, polymorphism, and dynamics of full-length alpha-
synuclein fibrils studied by solid-state NMR. Proc Natl Acad Sci
USA, 2005, 102(44): 15871-15876

[S] Beyer K. Alpha-synuclein structure, posttranslational modification
and alternative splicing as aggregation enhancers. Acta
Neuropathol, 2006, 112(3): 237-251

[6] Kayed R, Pensalfini A, Margol L, et al. Annular protofibrils are a
structurally and functionally distinct type of amyloid oligomer. J
Biol Chem, 2009, 284(7): 4230-4237

[71 Kayed R, Head E, Sarsoza F, et al. Fibril specific, conformation
dependent antibodies recognize a generic epitope common to
amyloid fibrils and fibrillar oligomers that is absent in prefibrillar
oligomers. Mol Neurodegener, 2007, 2: 18

[8] Kayed R, Head E, Thompson J L, et al. Common structure of
soluble amyloid oligomers implies common mechanism of
pathogenesis. Science, 2003, 300(5618): 486-489

[9] Glabe C G. Structural classification of toxic amyloid oligomers. J
Biol Chem. 2008, 283(44): 29639-29643

[10] Hong D P, Han S, Fink A L, et al. Characterization of the
non-fibrillar a-synuclein oligomers. Protein Pept Lett, 2011, 18(3):
230-240

[11] Giehm L, Svergun D I, Otzen D E, et al. Low-resolution structure of
a vesicle disrupting &alpha; -synuclein oligomer that accumulates
during fibrillation. Proc Natl Acad Sci USA, 2011, 108(8): 3246~
32451

[12] Apetri M M, Maiti N C, Zagorski M G, et al. Secondary structure of
alpha-synuclein oligomers: characterization by raman and atomic
force microscopy. J Mol Biol, 2006, 355(1): 63-71

[13] Hong D P, Han S, Fink A L, et al. Characterization of the
non-fibrillar a-synuclein oligomers. Protein Pept Lett, 2011, 18(3):
230-240



*S1106.2+ SMFEEMYIRER

Prog. Biochem. Biophys. 2013; 40 (11)

Fi 3% 2

RIEME a-SYN I 2R XL E R FETE 20

i. 7£ DLB %% A LBs W, o-SYN KIBEIR 1L 15 1 ik
90% (1M 76 1E % Wi Y, A= 3 M «-SYN 1115 1R 1k 15 i % AX
4%) M. a-SYN ] 22 % IR 5k 3 -87 (Ser-87). Ser-125 Fil
Ser-129 J& F E W BERAE RO, 20, 17 H. Ser-129 17 55 I
RS KT e, B S IR A A2 1 1T B T 8808 o-SYN
1 B- FERL AR o-SYN HET A 440 2R
£,

ii. fEPDJ®A LBs W, a-SYN [H4ALE M AKEAMK T
BB RAE AR, B, o-SYN IS 2 B ik 2 -39
(Tyr-39)« Tyr-125. Tyr-133 Hl Tyr-136 & — 20 284k 45 M £z
L EAE T R TR MR R R AR, AR g R
9 Tyr $78 Sy a M PE I 3- MR SR, o-SYN I AR TE
BRI B- )2 BREEA A Tyr $78 H—4 Tyr )
TERAE, o SYNfEILIE R T AR K,
a-SYN [ & & % 5% % -1 Met-1). Met-5. Met-116 Fil
Met-127 J& 57 4 — LA A AE M fr o5, A7 KB A
P S A b K Met B 78 Ay I R AT 2 450 452 Btk 1) I LR
W, MMST «-SYN I - FJEE7 PRk, DA KHAML
RIFYOFEEER BT A A A DL 2 R
5, 6- IR, S, 6- WIRLERSE DA fT2EY)) iz Hh It &5
G F a-SYNP3S, X PhERE M A A1 7 0T DA 3L
AR e AR RS TR R b AE LN 455 T o-SYN, JF
BiE—2 T o-SYN JE K B- FJE0M. & H B LB 15 12
HE a-SYN AT AR 4F b SR &2

iii. £ PD % A LBs N, Ub & i #i & % 4% 3 -63
(Lys-63) M 45 & T a-SYN [ 2 ANz BB ML A, /Y,
Lys-10 fll Lys-122. Ub 45 o-SYN —F£ B2 LBs (I HEEE A
U ®. Ub 78 LBs N IR 202 Ub #4k. 2 737 Ub
B (— Ub 1 C K H & R IE R I T 4b—4 Ub
[ Lys-48 [¥] e- 05510 i 7 JIKEE G i) — k) J5 % 2 43+ Ub
FAL(E Ub B5). | A2 =B o-SYN AT 27 4k
SEEE1. 7E DLB i A LBs 4, Ub ¥ & 1 & 1 %) (Ub-like
protein modifiers, ULMs) 5+ #J /& SUMOI (small Ub-like
modifier 1) L2472 & 1k (sumoylation) 15 1fi /7 245 & T «-SYN
) N 3 FA Lys-(7] g2 Lys-102)19; 7F PD % A LBs N,
ULMs 5 ¥ & NEDDS (neural precursor cell-expressed,
developmentally down-regulated protein) LA [7] £ 5 20 45 & T
a-SYN [FIAH [F) R L B AR KL 07 503, 2K 11 JJi 2832 E AL 1 e
U a-SYN HEAT 1 4L R R,

iv. fEDLB# A LBs N, o-SYN 7E KL R -115

(Asp-115), FATIHLIE -122(Asn-122)« Asp-119, Tyr-133
30 Asp-135 07 fUBE D) SR 7= A 191 B H A 38 450 b A 7 231,
S FWRE o-SYN K2 T C i E AR )75, o-SYN H
WSS T 4 TAB IR R R A R & & 1EH . X B i
B AL BE o-SYN BEFT 4T 4L B 2,

v. {E PD #i AF1 DLB % A\ LBs W, «-SYN i i fiig fi¢
AL NG5 TN TSNS, ] I 20 2 2 1 T
Jlé¢ i (soluble tissue transglutaminase, tTGase)fit: 1k 23 & Bk %
(Gln)45 Lys 2 [A] 1) % W i 55 | 2L 7E o-SYN P38 1 (ER)
a-SYN 7} -2 [, tTGase fEft GIn-79 2K GIn-109 15 N %X
Bt —4& Lys-(Lys- [f) H 7 5 A 48 ) 2 1 LL & Gln-79.
GIn-99 =% GIn-109 5 Lys-60 2 [0 F¥) 5% B JI 5 [N, a-SYN
EU R TN RIAZBYE. 7E LBD % A LBs W,
a-SYN 3 Ik ARG A2 AR A6 N T 4 F P AAS B84,
AT 245 AR R T T AR A P A Y o B N T S i B
FH A5 5 1 A8 5 R N )2 WP B 1 Lys- A7 s e
20 34k & K 72 ) (advanced glycation end-products, AGEs),
AGEs 2 [B]AH T AR F A 8 OB S B, o-SYN A ]
feil i FIAAERER AL R N AEE R 15 4 Lys- A7 mUE 5+
W TR, SR A BRPETYS o-SYN JE Al 56 2 11 DU 2% 45
FB. Il UGB AR o-SYN BEAT IR £ 44k

BR AR5,
Z £ X M
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Fisk 3

a-SYN BXEBRMEMERFEHIRES

i 14-3-3g, BRMKZUR 3- SNSRI 2R )5 (tyrosine
3-monooxygenase activation protein), J& 14-3-3 2K [ Jit K jik
FROAAEN N I E AL, 14-3-3e 5 o-SYN Z [H 477 [H
WRIERT I E 5 Lt 40%, FI# & MAPKs S A4 441 iy
A5 5 R B B -2 (extracellular signal-regulated kinase 2,
ERK2)WUG 03, )57 j& ERK2 #I50S, &A1 75 BB R 1L
B B LT P R s ik 78 b S s TS B AR )

ii. TH, = M 2 B 3- % I % M (tyrosine
3-monooxygenase), J& DA %5 ) L 4% i i 28 38 365 B P PR
fity, 7t Ser-19. Ser-31 Ml Ser-40 “:H MRALAE i £ 1 4 ERK2
S5 H A SO B 1 S SRS R i A Th e, 7E DA & id 78
i, a-SYN FupE i TH B 7.

iii. ERK2, 20 MAPKs-1, &8 (BRI = H I 5
16 S5 W50 = R, 7 At B 7 ORE P /IS T ) /N 5 2 B
(caveolin-1, Cav-1)3E£ [f] 41 2% {5 45 43 7 ™. ERK2 1E N ¥
68~ 133 W IFHI R E A P4 A4, Fiks
a-SYN KA. a-SYN B HH i ERK B§S 1 2 4h,
W R 45 Cav-1 ik 5 (B H A ERK BV 70,

iv. MAPKs 5 ¥ & p38 (P38), ={ MAPKs-11
MAPKs-12 5% MAPKs-13 5 MAPKs-14, f{F N %ii 68~ 134
HAEMRTFH G IE A s G a1k o-SYN KAAE
HiE. P38 5 ERK2 H.h MAPKs 544 14,

v. DAT, B DA iG{L#512 14 (DA active transporter), A&
BV B 1 362 K (vesicle monoamine transporters, MATSs)ak 5
foh BT BT JBE PR % %% 3Z 4K (presynaptic plasma membrane
monoamine transporters, MATs) A&, 7 C KR ILR P
FICRARVEE AN 2 )R i B g & a5k, 5k o-SYN
B NAC KAAMERS. o-SYN /£ DAT #5125 DA Bk
FIFHE .

vi. VMAT2, o352 filt % i )i % i2 1K (synaptic vesicle
amine transporter), & MATs SFH K. VMAT2 5 «a-SYN K
YER 7 XL T DAT 5 o-SYN [I1EA X, {H/E VMAT2
% a-SYN (W2 W FE 55 T DAT 2 o-SYN F 52 i 2 25 O,
a-SYN 1E4 VMAT2 #1125 DA A7

vii. AR A& I- 2 R A U R A HT A AR T (beta
amyloid precursor protein, APP)%Z:Z 5t B- 7 BRI - 4>
WA A IS TR R TR R BT, o-SYN Wi NAC 5 AR TRk
TR ERI®, Ak, o-SYN 7E N i 1~ 56 &L 551
(REJIZ N 3 25~ 35 AR 7 51) T LB 1 BT 45 4 S5 R,

ks AR BAVEH.

viii. «-Syn 3E Al Z& [1 i -1 (synphilin-1, Sphl), 5§
a-SYN AH B AEH & 1 fi(a-SYN interacting protein), & % &
TSl iy o0 2206 S HE VAL L1 58 M iy 2R 1 . Sphl 547 6 A
i B 1 FF 5142 3L P (ankyin-like repeats mortifs) Fil 1 AN R g4k
W2 ie &5 #4458 (coilled coil domain), T 2 F fft 45 33 0 FE 900 JBE (1)
HiEXE, HEREARAGEAHED. o SYN 75 N i 1~
39 AR TP HIE IR H RS G a5 /30, {565 Sphl KAEAE
}EHUO]_

ix. MAP-1B Jit HH— A 2 130 WA (FR O TR AL
RGO 7 2 B (A R B L M 2 A 8 Y. MAP-1B 3
BERUE— R0 R A A A 455, fEIbS o-SYN 1)
C %ij 109~ 140 ZEER 741 R HEAE HI,

X. TWOEASCHE R -r(MAP tau, Tau)je MAP-2 JLR &
S AN () Tau 2 PR s WA 59 D) 2 )5 7= AR I a4 1 e
AU, Tau 75 C A i 2 202 7 51 (AL A48 Bl NS 28) il
GGG, 5L o-SYN B C i 87~ 140 Z MR F 5
RAEAE U,

xi. o-Tub AEGUCE 8 FUe — R -1, 75 C K
10 AN Y 5% 8 A BSs & &5 e, i 5
a-SYN ] C it 60~ 100 ZIERE P51 K LE AR 9.

xii. B-Tub J&fUE & A B — AW 2. 78 C R
18 AR Y 5% 8 A B4 & &5 M e, ik 5
a-SYN ] C i 60~ 100 ZIERE P51 K LB AR 9.

xiii. Ub, BLHVAR T EE 10 -8(8-kDa heat shock protein),
A3 Ub M8 1 5 8 SO T A H A5 5 43 09
T 2 2 AR UOE I BRER AL R N (2 A R 3 —25) B
T TR AA S (V2 35 A S5 55 20 ) RN A g A 4 28 S (2 24K
SV ER = 25) ¥ Ub Al a-SYN 45 4 Ub-a-SYN &4, Ub
5 a-SYN Z A5 4 LU IRBEAHIE 3507,

xiv. Ub 454 2 15 p62(Ub binding protein p62, P62),
B B8 A B (10T -1 (sequestosome 1) %A 15T B 4 W I & W
& 4 Ji (proteotoxic stress response protein), J& Ub 45 i) 3k &
4 ) (Ub domain proteins, UBPs) 7 #J /&1, P62 fF C K i &
FLR P A (R ARV ATE ) I Ub AHOCE5 R, ik 5
a-SYN k& 7 AFE Fi . UBPs {f 4 Ub % # T |7 K + (Ub
chain-targeting factor) 5%, a-SYN %512 37 {& (cargo receptor) ¥
a-SYN HB N K I R sl 7 Al A0,

xv. Uch-L1, = #f & ju % ¥ % & M (neuronal
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deubiquitinating enzyme), & Ub F2 % ity /K fift g 57 4 44 20,
UchL1 ¥ %2 2411 Ub-a-SYN MI& 3 7 M oa-SYN F1 Ub
i, JF Hit— 2% Ub 54570 Ub HfklRr2 55— 5 i,
UchL1 [f] 2R B A E2 M Ub- #0881 U HEE E3 %
PE, K. XUZ R Ub-a-SYN &M M N EH
ANl Ub HA ) Ub-a-SYN JiH&r 4=,

xvi. Parkin, X RING-between-RING i% #%: i E3 5 #4
A, 1F N S Z 307 5K Ub # 45 #38(Ub-like domain)F:
BAEICAEIL O 4G THEEE 5, 7E C o 2 2RI 7 71 (RS
PRI AN ¥ 28 ) T I A o 45 4 45 M 0T BLAS bR AN 45 &
Ub-E2 {51564, idid IRRG (R 40 58 I VoK Ub M E2 #6825 E3
I Bk —22 B i Ub- L5 A 50N & #)29.0- B =40 1) o-SYN
A& Parkin & [ JFUR A 2 —B,

xvii. G & H i 14 Bt % 4K ¥ B -5 (G-protein coupled
receptorkinase 5, GRKS)#& GRK S #4fk. {£ GRK 5 #4{&
', GRKS 5 o-SYN A7 71 e IG B - J ) 4 550 0K 4 2,
BRI o-SYN A B G HE D2 i ee=n,

xviii. EIA %54 & A 5l p300(E1A binding protein p300,
P300)/t ST E R MG S A 44, B 2 AN 81 1 UAH TAE FH 45
Fsk, kS EA R EAIER. P300 W HSEL S o-SYN &
A=A SOk RS PS3 R AR SR IE R

xix. agrin & —FIRIR CWEAT 35 8 PR E, TR
HIETPENEE S o-SYN KA AP
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Table 1 A List of Previously Reported Protein Components
in LBs in Immunohistochemistry Study

%1 LBsHEMEARGZITE

Fi 3% 4

Continued

No. Protein name, classification, and references

No. Protein name, classification, and references

i Neurotransmitter metabolism

. 14-3-3 protein epsilon (14-3-3 g) #I
. Choline acetyltransferase (ChAT)
. Chromogranin A (CgA) ™!

. Dopamine transporter (DAT)#*)

. Synaptophysin (Syn)®

. Synaptotagmin XI (Syt11) ©I

. Tyrosine hydroxylase (TH) *7

o e R

. Vesicular monoamine transporter 2 (VMAT2)*#
ii Antioxidant defense system
9. Cu/Zn superoxide dismutase (C,Z-SOD)™
10. Oncogene DJ-1 protein (DJ-1) § 1%
11. Mn superoxide dismutase (Mn-SOD) ©)
12. Nonselenium glutathione peroxidase (NSGP)['!
iii Local immune reaction in brain
13. Complement component 3d (C3d) ™
14. Complement component 4d (C4d) [
15. Complement protein component 7 (C7) 12
16. Complement protein component 9 (C9)!2
17. Immunoglobulin G (IgG)"™!
18. alpha Internexin (INA), or 66-kDa neurofilament protein (NF66) '
19. alpha Tubulin (a-Tub) #I
20. beta Tubulin (3-Tub)*
21. TDP caspase cleavage product (TDPccp) ¥
22. gamma-Tubulin (y-Tub) 7
23. gamma-Aminobutyric acid type A receptor-associated protein
(GABARAP)!™
24. Gelsolin (GSN), or Gelsolin-related amyloid protein, Finnish type '
25. Histone deacetylase 6 (HDAC6)™
26. Microtubulin-associated protein-1B (MAP-1B)#E!
27. Microtubulin-associated protein -1C (MAP-1C), or Dynein %!
28. Microtubule-associated protein-l light 3 (MAP-LC3, or LC3) I8
29. Microtubulin-associated protein-2 (MAP-2) !
30. Microtubulin-associated protein-5 (MAP-5) !
31. Microtubule-associated protein tau (Tau, or MAPT) #2¢
32. Neurofilament heay polypeptide (NF-H) 7
33. Neurofilament light polypeptide (NF-L) 27
34. Neurofilament medium polypeptide (NF-M) &7
35. Pericentrin (Pent) ("7
36. Septin 4 (Sept4) ¥
37. Tropomyosine (Tm) !

iv  Cytoskeleton network

38. Tubulin polymerization promoting protein (TPPP, or P25) &
v Mitochondrial aerobic respiration and mitochondrial pathway
of apoptosis

39. Cytochrome C (Cyt C)B!

40. Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) B2

41. High temperature requirement protein A2 (HtrA2)%)

42. PTEN-induced kinase 1 (PINK1)S#4
vi Ubiquitin-dependent and-independent proteasome and
lysosome degradation pathways

43. beta Transducin repeats containing protein (3-TrCP)

44. Cullin-1 (Cul-1)89

45. Dorfin 7

46. Liposome associate proteins (LAPs) )

47. Lysosomal-associated membrane protein 2A (LAMP2A) 55

48. Glucocerebrosidase (GCD) ™!

49. Neighbor of Brest cancer 1 gene protein (NBR1) !

50. Neural precursor cell-expressed, developmentally down-regulated

protein (NEDDS)

51. NEDDS ultimate buster (NUB1)*!

52. Multicatalytic proteinase (MCP) I

53. Proteasome subunit beta5 (PSMBS5) 47

54. Proteasome 26S subunit ATPase2 (PSMC2) 7

55. Proteasome 26S subunit ATPase5 (PSMC5) !

56. Proteasome 26S subunit ATPase6 (PSMC6) "

57. Proteasome 26S subunit non-ATPasel1 (PSMD11) 7

58. Proteasome 26S subunit non-ATPase13 (PSMD13) 7

59. Regulator of Cullin-1 (ROC1)#

60. Seven in absentia homologuel (SIAH1)*!

6

—

. Sequestosome 1 (SQSTM1), or Ubiquitin-binding protein p62

(P62) "0

62. Small ubiquitin-like modifier] (SUMOLI) B!

63. Ubiquitin (Ub)*&”

64. Ubiquitin C-terminal hydrolase L1 (Uch-L1) #§

65. Ubiquitin activating enzyme E1 (Ubel)['"

66. Ubiquitin conjugating enzyme E2 H7 isoform (UbcH7) U7

67. E2-dependent ubiquitin-protein ligase E3 parkin isoform(Parkin)®*

68. Tripartite motif-containing protein 9 (TRIM9) 5%

69. Tumor necrosis factor-receptor associated factor 6 (TRAF6) &
vii Protein folding

70. 14-3-3 protein zeta (14-3-3 {)*"

71. alpha Synuclein (a-SYN)S &8

72. C terminus of 70-kDa heat shock protein-interacting protein
(CHIP)®
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Continued

Continued

No. Protein name, classification, and references

No. Protein name, classification, and references

73. DnaJ subfamily B, member 6 (DnaJB6), or HSP40 homologue !
74.22-kDa heat shock protein (HSP22), or alpha B-Crystallin (aB) ©!
75. 27-kDa heat shock protein (HSP27) !

76.32-kDa heat shock protein (HSP32), or Heme oxygenase-1 (HO1)®
77. 40-kDa heat shock protein (HSP40) [+

78. 60-kDa heat shock protein (HSP60) 6

79. 70-kDa heat shock protein (HSP70) [+

80. 90-kDa heat shock protein (HSP90) 61

81. 110-kDa heat shock protein (HSP110) 6+

82. 70-kDa heat shock cognate (HSC70) %!

83. Synphilin-1 (Sph1) # [58]

84. T-complex polypeptide 1 beta subunit (TCP-1) 7

85. Torsin A 16

86. Valosin-containing protein (VCP)

—

viii Cellular signaling pathways
87. Agrin *1®l
88. Basic fibroblast growth factor (bFGF, or FGF-2, or FGF-g) ™
89. Calbindin D28K (Ca-28K) ™
90. Calcium/calmodulin-dependent protein kinase 2 (CaMK-IT) ™
91. Casein kinase I (CKII g) ™
92. Clusterin (CLU), or Apolipoprotein J (ApolJ) ™
93. Chondroitin sulfate proteoglycans (CSPGs) ™

—

94. (phosphorelated) Extracellular signal-regulated kinase (pERK) !

95.E1A binding protein p300 (P300, or EP300) "7

96. Forkhead box subgroup O transcription factor 3A (FOX03A) ™

97. G-protein-coupled receptor kinase 5 (GRKS) ™

98. Glycogen synthase kinase-3beta (GSK-3[3 )

99. Hippocalcin (HPCA) B

100. Histone deacetylase 4 (HDAC4) (&

101. Leucine-rich repeat kinase 2 (LRRK-2)$

102. MAPKs extracellular signal-regulated kinase 2 isoform ( ERK-2)™®

103. MAPKSs p38 isoform (P38)*I™

104. Mixed lineage kinase 2 (MLK2) &!

105. Myxovirus resistence gene A (MxA), or Myxovirus resistence
protein 1

106. Nuclear factor kB (NFkB) !

107. Parkin-associated endothelin receptor-like receptor (pael-R, or
GRP37)

108. Phosphorylated nuclear factor IkBa (pIkBa)

109. Peptidyl-prolyl cis-trans isomerase NIMA-interacting 1 (Pin1)®

110. Phospholipase C delta (PLC-g)

111. Tissue transglutaminase (tTGase, or TG2)

ix Cell cycle machinery

112. Cyclin B (Cln B)®"

113. Cyclin-dependent kinase 5 (cdk5) 2

114. Cyclin-dependent kinase$5, regulatory subunit 1 (CDK5R1, or
P35nck5a, or P35)™

113. Cyclin-dependent kinase 5 (cdk5)

114. Cyclin-dependent kinase$5, regulatory subunit 1 (CDK5R1, or
P35nck5a, or P35)%

115. Retinoblastoma protein (Rb)

x Others
116. Alzheimer's beta amyloid peptide (AR, or BAP) #*I
117. beta Amyloid precursor protein (APP, or BAPP) P!

MAPKSs: mitogen-activated protein kinases; TDP: 43 kDa transactivation
response DNA-binding protein; PTEN: phosphatase and tensin
homolog. #: a-SYN associated proteins co-localized with a-SYN in

LBs. §: PD related proteins, or PD linked gene products.
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Table 2 A list of Large Scale Proteomics Databases

(as Protein Candidate Resource for LBs)

Analytic sample, protein name and reference

i Raw tissue samples of brain regions in patients'"*
Locus coeruleus

1. (highly similar to) 4-Aminobutyrate aminotransferase
. 7-dehydrocholesterol reductase

. 28S ribosomal protein S6

. 28S ribosomal protein S34

. alpha Enolase

gamma Aminobutyric acid receptor-associated protein
. gamma Butyrobetaine dioxygenase

. gamma Synuclein

. A kinase (PRKA) anchor protein 12

© 0 NN L AW N

10. Acyl-coenzyme A thioesterase 9

11. Adenylate kinase isoenzyme 1

12. Aldehyde dehydrogenase X

13. Ankyrin-3

14. Arginine-rich, mutated in early stage tumors

15. Brefeldin A-inhibited guanine nucleotide-exchange protein 3
16. cAMP-dependent protein kinase type II alpha regulatory subunit
17. Carbonic anhydrase 2

Continued

Analytic sample, protein name and reference

18.
. Catenin alpha 1
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44,
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
. Resistance to inhibitors of cholinesterase 8 homolog A69.
67.

Carbonyl reductase 3

c-Myc-responsive protein Rel

Coatomer subunit beta

Cold shock domain-containing protein E1
Complement component 4B

Creatine kinase B

Cytosol aminopeptidase

Dopamine beta hydroxyls

ELAV-like protein 4

(highly similar to) Elongation factor 1 subunit gamma
Endoplasmic reticulum aminopeptidase 1

Ferritin heavy chain

FK506-binding protein 4

Flotillin-1

Gelectin-3

GrpE protein homolog 1

Hemopexin

HESB like domain containing 2

HLA class I histocompatibility antigen, B-59 alpha chain
HLA class II histocompatibility antigen, DRB1-1 beta chain
Inositol monophosphatase

Isoleucyl-tRNA synthetase

Kinectin

Leucine-rich PPR motif-containing protein

LYR motif-containing protein 4

Mammalian ependymin-related protein 1
Methylmalonyl-CoA epimerase

Neuroglobin

NHL repeat-containing protein 2

Nitric oxide synthase

Phenylalanyl-tRNA synthetase alpha chain
Phenylalanyl-tRNA synthetase beta chain
Phospholipase D3

Podocalyxin-like protein 1 precursor

Probable E3 ubiquitin-protein ligase HERC1
Prolow-density lipoprotein receptor-related protein 1
Protein-arginine deiminase type 2

Protein FAM127A

Protein tweety homolog 1

Putative uncharacterized protein DKFZp686104196 (Fragment)
Putative uncharacterized protein MRPL23

Pyruvate kinase isozymes M1/M2

Rab3 GTPase-activating protein non-catalytic subunit
Rap guanine nucleotide exchange factor 2

(highly similar to) Ras-related protein Ral-B
Regucalcin

Regulator of nonsense transcripts 1

Ribophorin I
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Continued

Continued

Analytic sample, protein name and reference

Analytic sample, protein name and reference

68. Ribosyldihydronicotinamide dehydrogenase
69. SAT2 protein

70. Serine/threonine-protein kinase Nek7

71. Seipin

72. Serine/threonine-protein kinase PAK 3

73. Small G protein signaling modulator 1

74. Synapsin-1

75. Thioredoxin domain-containing protein 4

76. Transgelin

77. Tumor protein D52

78. UDP-glucose :glycoprotein glucosyltransferase 1
79. Upregulated during skeletal muscle growth protein 5
80. Uncharacterized protein KIAA0513

81. V-crk sarcoma virus CT 10 oncogene homolog
82. Versican core protein

83. Vimentin or neurofilament

84. Wolframin

Substantia nigra pars compacta>®

1. 3',5'-Cyclic nucleotide phosphodiesterase 10A2
. 6-Phosphofructokinase

. 14-3-3 protein epsilon

. 60 S ribosomal protein L3

. alpha Actinin 4

. alpha (or beta) Centractin

. beta Adducing

. beta Tubulin cofactor A

O 0 N N W B W

. Acetolactate synthase

10. Acylphosphatase 2

11. (similar to) Adaptor-related protein complex 2 beta 1 subunit

12. Adenylate kinase 1

13. Adenylate kinase isoenzyme 1

14. Aldehyde dehydrogenase Al

15. Aldo-keto reductase family 1, member A

16. Annexin V

17. ARL-6-interacting protein-1

18. Astrocytic phosphoprotein PEA-15

19. ATP-dependent helicase DDX1

20. ATP synthase D chain

21. Brain link protein-1 precursor

22. Breast carcinoma amplified sequence 1

23. Calcium/calmodulin-dependent 3,5-cyclic nucleotide
phosphodiesterase 1B

24. Carbonyl reductase 1

25. Cellular retinol-binding protein 1

26. Coactosin-like protein 1

27. Complexin 1

28. Creatine kinase

29. C-terminal binding protein 1

30. Cysteine desulfurase

31. Cytochrome C oxidase polypeptide I

32.
33.
34.
35.
36.
37.
38.
39.
40.

41

Dihydropteridine reductase

Dihydropyrimidinase-related protein-1

Dynamin-like protein

Electron transfer flavoprotein-ubiquinone oxidoreductase
Elongation factor 1

Elongation factor 2

Endoribonuclease dicer

Excitatory amino acid transporter 1

Eukaryotic initiation factor SA

. Fatty acid-binding protein
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
71.
78.
79.
80.
81.

Ferritin H

Ferrochelatase

Galectin 1

Gelsolin precursor

General vesicular transport factor p115

Glial fibrillary acidic protein

Glial maturation factor beta subunit

Glutamate decarboxylase

Glutamate dehydrogenase 1

Glutathione S-transferase M2
Glutathione-S-transferase M3
Glutathione-S-transferase O1
Glutathione-S-transferase P1

Glutathione transferase omega 1

(similar to) Glycolipid transfer protein

Guanine nucleotide-binding protein, alpha 13 subunit
Guanine nucleotide-binding protein Gi/Gs/Go, gamma 2 subunit
Guanine nucleotide-binding protein Gi/Gs/Go, gamma 4 subunit
Heat shock 20-kDa-like protein

Histidine triad nucleotide-binding protein 1
HSPC263

Ig chain C region membrane-bound segment

Integrin 8 precursor

L-type calcium channel delta subunit
Megakaryocyte-stimulating factor
Methylmalonate-semialdehyde dehydrogenase
Monoglyceride lipase

NADH-ubiquinone oxidoreductase, 42-kDa subunit
NADH-ubiquinone oxidoreductase, subunit B14.7
Neurocan core protein precursor

Nitrilase homolog 1

Nuclear transport factor 2

000499 Myc box-dependent interacting protein 1
014775 guanine nucleotide-binding protein subunit 5
014983 sarcoplasmic reticulum calcium ATPase 1
OX-2 membrane glycoprotein precursor

P05556 integrin 3-1 precursor, splice isoform beta 1D
P06905 myelin proteolipid protein

P09543 2',3'-cyclic nucleotide 3'- osphodiesterase

Peptidyl-prolyl cis-trans isomerase

2013; 40 (11)
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Continued

Continued

Analytic sample, protein name and reference

Analytic sample, protein name and reference

82. Peptidyl-prolyl cis-trans isomerase NIMA-interacting 1
83. Peroxiredoxin 1

84. Peroxiredoxin 2

85. PHR1 isoform 1/2

86. Placental ribonuclease inhibitor

87. Plexin-B1/SEP receptor precursor

88. Profilin I

89. Profilin I

90. Protein transport protein Sec23A

91. Protein-tyrosine phosphatase, non-receptor type 5

92. Pyruvate dehydrogenase protein X component

93. Pyruvate kinase 3

94. Q14168 MAGUK p55 subfamily member 2

95. Q81XJ6 NAD-dependent deacetylase sirtuin 2

96. Q9UI40 sodium/potassium/calcium exchanger 2 precursor
97. Rab GDP dissociation inhibitor alpha

98. Rab GDP dissociation inhibitor beta

99. Radixin

100. Ras-related protein Rab-10

101. Ras-related protein Rab-14

102. Ras-related protein Rab-21

103. Ras-related protein Rab-3C

104. Ras-related protein Rap-1b

105. Rho-related GTP-binding protein Rho G

106.(similar to) Ribosomal protein L18 alpha

107. S-adenosyl homocysteine hydrolase 1

108. Secretogranin I precursor

109. Septin 7

110. Septin KIAA0202d

111. SH3-binding glutamic acid-rich like protein

112. SH3-containing protein SH3GLB2

113. Sodium/hydrogen exchanger 1

114. Sodium/potassium-transporting ATPase, beta 2 chain
115. Sorcin A

116. Succinate-semialdehyde dehydrogenase

117. Synaptoporin

118. Telomerase-binding protein p23

119. Transmembrane protein 10

120. Transforming protein RhoB

121. Tumor protein D53

122. Ubiquinol-cytochrome C reductase iron-sulfer subunit
123. Vesicular inhibitory amino acid transporter

124. V type ATPase Al

Prefrontal cortex'®

1. 1-Phosphatidylinositol-4,5-bisphosphate phosphodiesterase beta 1
2. 10-formyltetrahydrofolate dehydrogenates

3. gamma Synuclein

4. Adducin 2

5. A-kinase anchor protein 12

6. Actin related protein 2/3 complex subunit 4

7. Amine oxidase B
8. Annexin A6

9. AP-2 complex subunit 1

. Apolipoprotein E precursor

. ATPase, alpha chain

. ATPase, gamma chain

. ATPase, epsilon chain

. ATPase, H+ transporting, lysosomal 42kDa, V1 subunit C1
. ATPase, H+ transporting, mitochondrial FO complex, subunit F2
. ATP synthase, delta chain

. Bassoon protein

. Brain-specific polypeptide PEP-19

. Breast carcinoma amplified sequence 1

. Calcium-binding mitochondrial carrier protein Aralar 1
. Calcium binding protein

. Calnexin precursor

. CDNA FLJ34946 fis, clone NT2RP7008714

. CDNA FLJ90813 fis, clone Y79AA1000967

. Cell division cycle 10

. Cytochrome C oxidase polypeptide Va

. Cytochrome C oxidase polypeptide Vb

. Desmuslin

. Dihydropteridine reductase

. DPYSL3 protein

. Drebrin 1

. Drebrin-like protein

. Dynactin 2

. Enoyl-CoA hydratase

. EPB41L1 protein

. Epsin-1

. Excitatory amino acid transporter 2

. Fatty acid-binding protein

. Fumarate hydratase

. Glutaminase kidney isoform4 1. Glutamine synthetase
. Glutathione S-transferase Mu 3

. Glutathione transferase omega 1

. Growth factor receptor-bound protein 2

. GTP-binding nuclear protein Ran

. Guanine nucleotide-binding protein alpha 13 subunit
. Guanine nucleotide-binding proteins

. Hepatocyte cell adhesion molecule

. Heterogeneous nuclear ribonucleoproteins A2/B1

. HU-K4

. Heat shock protein beta 1

. Huntingtin interacting protein 2

. IGLV4-3 protein

. Immunoglobulin superfamily member 8 precursor

. Inositol monophosphatase

. Isocitrate dehydrogenase

. Kelch repeat and BTB domain-containing protein 11
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Continued

Analytic sample, protein name and reference

Analytic sample, protein name and reference

58.

Kinesin-like protein 2

59. Lambda-crystallin

60. Limbic system-associated membrane protein precursor
61. Methylglutaconyl-CoA hydratase

62. Microtubule-associated protein 6

63. Microtubule-associated protein RP/EB family member 3
64. Mitochondrial glutamate carrier 1

65. Myelin basic protein

66. NADH dehydrogenase 1beta subcomplex subunit 9
67. NADH dehydrogenase 1beta subcomplex subunit 10
68. NAD-dependent deacetylase sirtuin 2

69. NADH-ubiquinone oxidoreductase 18-kDa subunit
70. NADH-ubiquinone oxidoreductase 49-kDa subunit
71. NADH-ubiquinone oxidoreductase 75-kDa subunit
72. NAPB protein

73. Nuclear ubiquitous casein and cyclin-dependent kinases substrate
74. Neurofascin precursor

75. Neuronal protein NP25

76. Nicotinamide nucleotide transhydrogenase

77. OTTHUMP00000030828

78. Oxidation resistance protein 1

79. Paralemmin

80. Profilin 2

81. Prohibitin

82. Peroxiredoxin 6

83. Protein C2o0rf32

84. Protein disulfide-isomerase A6 precursor

85. Protein FAM10A5

86. Protein NDRG2

87. Protein pelota homolog

88. Pyridoxal kinase

89. Pyridoxal phosphate phosphatase

90. Pyruvate kinase isozymes M1/M2

91. Rab GDP dissociation inhibitor alpha

92. Ras-related protein Rab-2A

93. Ras-related protein Rab-11A

94. Ras-related protein Rab-6B

95. Ras-related protein Rab 7

96. Rho GDP-dissociation inhibitor 1

97. Ribonuclease inhibitor

98. Sarcoplasmic/endoplasmic reticulum calcium ATPase 2
99. Serine/threonine-protein kinase PAK 1

100. Septin 9

101. Septin 11

102. Serotransferrin precursor

103. SH3 domain binding glutamic acid-rich protein like 3

104. Sodium/potassium-transporting ATPase subunit beta 1

105. Succinate dehydrogenase flavoprotein subunit

106. Succinyl-CoA:3-ketoacid-coenzyme A transferase 1

107. Synaptosomal-associated protein 25

108. Tenascin-R precursor

109. Thioredoxin

110. Transforming protein Rho A precursor
11

—_

. Tripeptidyl-peptidase 1 precursor

112. Tropomodulin 2

113. Tu translation elongation factor

114. Ubiquinol-cytochrome C reductase complex core protein 2
115. Ubiquinol-cytochrome ¢ reductase iron-sulfur subunit

116. Ubiquitin-activating enzyme E1

117. UV excision repair protein RAD23 homolog B

118. Vacuolar ATP synthase subunit B

119. Vacuolar proton translocating ATPase 116 kDa subunit
120. VGF nerve growth factor inducible precursor 162

ii A cellular separation of analyte captured from temporal cortex

regions in patient”

1. 2',3'-cyclic-nucleotide 3'-phosphodiesterase
2. 86-kDa heat shock protein

3. 4F2 cell-surface antigen heavy chain

4. beta Globin gene from a thalassemia patient, complete cds
5. Actin, a-skeletal muscle

6. Actin, aortic smooth muscle

7. Actin, cytoplasmic 1

8. Ankyrin 2

9. Antigen KI-67

10. ATP5A1 protein

11. ATP synthase beta chain

12. Band 4.1-like protein 2

13. Band 4.1-like protein 3

14. B-cell lymphoma/leukemia 11B

15. BMSS antigen

16. Brain glycogen phosphorylase

17. Brain-specific Na-dependent inorganic phosphate cotransporter
18. Calnexin precursor

19. Carbonyl reductase 1

20. Carbonyl reductase 3

21. Clathrin coat assembly protein AP180
22. Clathrin heavy chain 1

23. Clathrin heavy chain 2

24. Claudin-11

25. Collagen alpha 1(I) chain precursor
26. Connexin 43

27. Contactin 1 precursor

28. Creatine kinase beta chain

29. Cytokeratin type 11

30. Dermcidin precursor

31. Desmoglein 1 precursor

32. Desmoplakin

33. Dihydropyrimidinase-like 2
34.DJ68D18.1.2

35. DNM1 protein

2013; 40 (11)



2013; 40 (11)

FRANMR, %: HERFES(NENEBREVERFZRES T

+S1106.21

Continued

Continued

Analytic sample, protein name and reference

Analytic sample, protein name and reference

36.
37.
38.
39.
40.

4

—

4

D

5

—

5

o0

59.
60.

6

—

62.
63.
64.

6

D

66.
67.

6

o0

69.
70.
. OTTHUMP00000040847
72.
73.
74.
75.
76.
71.

7

—

7

o0

79.
80.
81.
82.
83.
84.
85.
86.
87.

Drebrin

Dynamin 2

Dynamin 3

Elongation factor 1 alpha 1
Elongation factor 1 alpha 2

. Excitatory amino acid transporter 1
42.
43.
44.

FSCNI protein
Gelsolin precursor

Glucose phosphate isomerase

. Glutathione S-transferase M3
46.
47.
48.
49.
50.

GNAI2 protein

Guanine nucleotide-binding protein, alpha-activating polypeptide O

Guanine nucleotide-binding protein gamma 2
Guanine nucleotide-binding protein G

H1 histone family, member 2

. H2B histone family, member Q
52.
53.
54.
55.
56.
67.

HIST1HA4F protein

Histone H2A

Histone H2A F/Z variant

HNRPAZ2BI protein

Homo sapiens TUBBI human beta tubulin 1, class VI

Hyaluronan and proteoglycan link protein 2 precursor

. Isocitrate dehydrogenase alpha subunit

Isocitrate dehydrogenases
KIAA0607 protein

. Laminin alpha 1 chain precursor

Laminin alpha 4 chain precursor
Mitochondrial inner membrane protein

Myelin basic protein

. Myelin-oligodendrocyte glycoprotein precursor

Myelin proteolipid protein
NEFL protein

. Neural cell adhesion molecule 1

N-ethylmaleimide-sensitive factor

Neuronal membrane glycoprotein M6-a

OTTHUMP00000062121
Peroxiredoxin 5

Plectin 1

Plectin 6

Phosphoglycerate dehydrogenase
Phosphoglycerate mutase 2

. Prepro alpha 2 (I) collagen precursor

Protein FLJ34068

Protein FLJ37958

Ras-GTPase-activating protein binding protein 2
Ras-related protein Rab-1A

Reticulon protein 3

Retinoblastoma-associated factor 600
Rho-associated protein kinase 2

(similar to) RIKEN ¢cDNA 4732495G21 gene
Rotatin

88. Secernin 1

89. Serotransferrin precursor

90. SLC25A3 protein

91. Sodium/potassium-transporting ATPase alpha 2 chain precursor
92. Sodium/potassium-transporting ATPase alpha 3 chain
93. Spectrin alpha chain, brain

94. Spectrin alpha non-erythrocytic 1

95. Synapsin 1

96. Synaptosomal-associated protein 25

97. Synaptotagmin 1

98. Syntaxin binding protein 1

99. Tenascin-R

100. Tetrodotoxin-resistant voltage-gated sodium channel
101. Titin

102. (similar to) Triosephposhate isomerase

103. Trypsin I precursor

104. TUBAG protein

105. Ubiquitin and ribosomal protein S27a precursor

106. Vacuolar ATP synthase catalytic subunit A

107. Versican core protein precursor

108. Voltage-dependent anion channel 1

iii A sub—cellular fraction of analyte isolated from temporal cortex

region in patient ¥

1.Aconitase 2

2. Adapter-related protein complex 2 alpha 1
Adapter-related protein complex 2 beta 1
ATPase, lysosomal 70 kDa, v1 alpha subunit
Calcium-dependent secretion activator
Calgranulin beta

Carbonyl reductase 1

Clathrin heavy chain 1

© ® NN » kW

Coatomer-related protein complex alpha subunit
10. Collapsing response mediator protein HCRMP-2
11. Cytoskeleton components

12. Doublecortin-like kinase

13. Dynactin 1

14. Dynamin-like protein

15. E3 ubiquitin ligase kpc 1, ring finger protein 123
16. F-box protein 2

17. Glucose phosphate isomerase

18. Guanine nucleotide binding protein alpha

19. Imp cyclohydrolase

20. Mitogen-activated protein kinase kinase 1

21. Peroxiredoxin

22. Plectin 1

23. Proteasome 26S non-ATPase subunit 2

24. Protein disulfide isomerase-associated 3

25. Protein kinase C beta 1

26. Spectrin alpha

27. Spectrin beta

28. Vacuolar protein sorting 35

29. WD repeat-confaining protein 1
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