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MPTP)E Ay fe A R I e 28 M AT 3 B0k £
JRHIA % L HE REAP 2 oA VE AT KA G A 3R, JL3g
PEAEFI O N- FEIL ) A7 A2, A2 PD B A
MPTP 153 1) B A5 20 (1) S Bl Aor A7 8 5 11 5N i
JRH N- AL B 2509, $278 MPTP fL% &
] PD KLY SR 5T AL T BEAFAE DNA IR AL 8 1
. RIBIEGIRM, MPTP & S 1 2 KR
R PD AR S5 2 28 DR 1) A A7 A Bk 2 R K
A%, 1 DNA FEAL AR Dy — bR DA 0 1) B S 4%
P, 225 T PD ShWRR SR R A A 28 u AR
PEASYE AT PD AR 15 7 H I i AN AE
AWM A BE #5230 MPTP ¢ 37 PD 5l #) 4t
R, AR AR AL DL K PD AR
R S e D] TR A 1 O IR SRR T B A 1)
DNA FIEALIAZEAT TS, $R9F DNA HIEEEAL 3
TEMEE R R 153K PD )8 g 4 1.

1 RETE

1.1 SRIEHAHY
111 SEREY)

HePE C57/BL /NER,  Blig 8 J&, fKH 25~28 g,
P [ 5K LA FRATUA 1) SE 56 540 SPF 5 1k e b
H PR K B A A [ 5 S A R A
112 EE

1- H3& 4- K3 -1, 2, 3, 6- DYAL ML e (MPTP)
(Sigma A7), DNA $EHUAF £ (Qiagen A H]), i
#5338 5 £ (Fermentas A 7)), %¢ )6 & & PCR A7
EORET AW AT, AR EA R ) & (Epigentek
/3), Trizol(Sigma A w]), HIVAR R & % 1Lk 5
f(Qiagen 2 wl), UK AL AL X7 & (Promega 2
7l ), pGEM-T Easy Vector System | (Promega
A]), DHS5a &2 SR AEAL A ), anti-Uchll
(Abcam A 7 ), anti-Arih2 (Genetex A # ),
anti-GAPDH(Santa /A H]).
1.2 KWHE
1.2.1 o A P

C57/BL /MEIE 92 L, TlFR T rh g K8 ) sk
ety BEML R0 BRI AL, RRA 46 JL.
B /N R 3% AR 45 T MPTP 25 mgekg'+d- i i
VRS, 0 B2/ B gs T A5 A B A B ER KO
O, BERTR—INS 2y, ELES 2 10 K. 4l
TEZ5 2 10 RIFAGE 3 RIGHH .
122 BFARSE

10% K45 U RRIE /N BRSBTSk B AL A

Z [ ALLEN BRAIN ATLAS 714k K1 (http:/mouse.
brain-map.org/) Al Karunakaran %5 77 17 25 22 i
AL AT 2R, 2R ) B J T T ORPRR G, T
BB T WA, -80°C fRAF.

1.2.3  DNA SR FEAL K 1

K FH DNA $2 0GR 7 S B Bl 2H 2R3 R 41
DNA. HIEf& DNA HEAL I G 1E 1T DNA Sk
R AR, BAARERE 2 RO S i3, B
AREM ChRAE S, ARIREAS B [T ME6) REOFE )28 T35
TR B LA RIS RCEbRAEINZE, AR ) %
S HEHE O R S 1R A oA o B ' B2 (A 1 22 il b
ek, MRIAFMFEA) A B s Ax v ih 28 sk 45 15 0
FEANE N DNA FH AL KT
1.2.4  SEINSE6E R PCR

K H Trizol I FIFLEE RNA. 108 % 5%t 711
FHEIT mRNA W55 B cDNA . 9% &
PCR 1 G A I H 1) R R Rk K. PCR Y.
£ ABI Prism 7900 ¢ 5 £ PCR AX _E#E4T, UM
BBk PCR, [ 46 FRARPE(95C, 30s): A&
PEO4C, 55), BAOBKEE T, WK 1, 30s),
HEAT 40 MR KEARO5TC, 15s; 60C, 15 s;
95C, 155). 5l¥W{EZ B CHR[10-11]1 24t |,
i1 PRIMER 5.0 3 it, I IR B R A A
G R B-actin BERIE I NS, % 510751 K&
59 v BOKR/N BB Kl B2 WL B ST
1.25 WAL DNA % 2L Pive 45 & W A 5 v
(methylated DNA immunoprecipitation microarray,
MeDIP-Chip)

2% S5 bh B A A B S E e k. BE DR A
DNA H Mse 1 BV, FEXIRGD) = PyiiAT 264k,
HLPK BT, 0 0 I D)5 ¥ DNA FF 5 70 B Aot et
Input #£ i, 53— &6 40 AT S FLPTiE (FR A 1P FF
fi): KBTS FOJEAL MRS E H1 4R 5 DNA K ST
WE, MIERE DI -DNA E65Y); HAM KN
1k DNA- §ifk - WiER 5, 77 % DNA B, Jf
BEAT 44k, EUAE R TP AN Input A% 5 HEAT WGA §7
B, IRy AT Ak H Klenow BEREAT AR
WP Arid cy5S+Input. Frid cy3), H#bric & (1) IP
FEAFT Input £ i 2448 B 7] — AN B BT S5 a2
A, A BIBCRE IR AT Bl i, R A
IP/Input T3 IF 5 peak, 7 %5 XK peak B[4
DNA FUEAGIX I AT AL i 2 [A]1) peak, &
B2 e AL peak A7 B IFREAT BE DRI RE .

1.2.6  F V6% R £k Wl )7 (bisulfate sequencing PCR,
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BSP) AL AR A7 £ (TSS)7E W K BE 2k 239 bp 11 )7 BL(TSS

X H| Methyl Primer Express v1.0 /& MethPrimer
BEXF CpG &y Lih BSP 19514, 514 iR YIfe Kk
A BR A w5 . Uchll 51FF5): Bl 51904
5" GGGGGTTTGGTTTGTATTATTTT 3'; F i3l
Y4 5" CCACCTCCATTACACAAAAC 3'. BSP ¥~
DX 3 A B 4 B SR S 4R 7 4 (transcriptional start site,
TSS)7E W K J 2k 453 bp 18 )1 BE(TSS 185 bp ~
+268 bp), 4 i JH 31 3 ZIEYE 2> L & CpG
By, B8 26 4 CpG AL ri(K 1), Arik2 5190751

-61 bp~+178 bp), 7% 34 > CpG £ (K 2). X
JH B 2 2 A 7 o R R R A s e (C) %
1k PR BEE (U), i IR € AL DUB S
(] DNA 1E B E4T PCR 9719 RUR NAK R A
10 wl, Hrph By FHESI& N 0.2 pl, FHARAGEAT
JE I DNA 4 1.0 pl. RN FAEPEO9ST,
5min); AZPE(94°C, 305s), BK(53°C, 455), FEfH
(72°C, 455), #EAT 35 MEH: LEfH(72°C, 10 min).
PR TA wolE, RIS pGEM-T BTk 3K

FWsIWHh 5 GTTAGAAGTTTGGGAGTTTTT- i, #ALE DH-5a B2 5405, Pt 10 /NFH

AGGG 3'; Tl ¥ -k 5 ACCAATCAAAAAT-  PEsCBENT, W)JP4h K H DNA STAR #A412E1T
AAACAAAACCTC 3’. BSP ¥ 88 X $ by B0 :5 4 5% AT
@ ,

&80

§ 60

B 40

O 20 |—

O 0 L L " 1 I L n L 1 I L " " 1 n " n L 1 L n

—1500 bp —1000 bp —-500 bp TSS 500 bp 1000 bp

®  GGGGCTTGGCTTGTACCATTCTGTGEGTGCATGGGGGAGTTIIAGCCCT

CTTGGCCTTCCTCCTCTGCTTGTTICTGCTCCliTcTCCCccTGe TCAGGETT
TccCAGTGAGHAGGClGElc TTTATAACAGCAGCCTGGGIlIGC TCCAC
BccrerrrrTiBGCc TCC TGO TTTGTGTC TGCAGGTGCCATCNAA
GATGCAGCTGAAGCIATGGAGATTAACCCIA GGTAAGCATAGCTGCTG
GGTREC TTEBGGAGAAATAAGGCTGACCCTTAGCTACAGC TBBIGTAGCTG
AATCATTTAGTTTTATTATCATTTTCCTCTTTGCTTTTGGCTTTCAGATGCTG
AACAAAGTGAGTGGIBGECAGTCTCTGTCCCTATCCTCCAAGAGC
ATBBTTGGAGABBCCCAGCBBGCEBBBCCCTGTGCAATGGAGGTGGC

Fig. 1 Schematic drawing of the amplified region of Uchll by BSP
(a) The transcriptional start site is marked by TSS. The blue region represents CpG island, the amplified fragment located between bisulfate PCR
primers( — ), including part of the CpG island and entire activated promoter region. (b) Sequence of amplified fragment of Uchll(TSS 185 bp~
+268 bp) and 26 CpG sites (highlighted in grey) in this region.
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®  AGGGEBACEBBCAGGTEBACCCCTACBBGAAGTCABBBBOBGEBC AGAAC
ACTTCBBGAGC TGBBGGGGABBGC TCTGCRBGAGGAAGC TCRBBBGGCC
TeaccBBeeTCBBcBBcc Tocc TcBBcTCBBc TaABBcc TcB@TCcAGeCT
GGTTTGGTCTGGCTTGACCTGGTClcClcccTeaacTe Tllicc N

AGGTEEEBGC TCCEBGTAAGTGRBEBGEBGGAGTBBA GGCC

Fig. 2 Schematic drawing of the amplified region of Arih2 by BSP
(a) The transcriptional start site is marked by TSS. The blue region represents CpG island, the amplified fragment located between bisulfate PCR
primers( — ). (b) Sequence of amplified fragment of Arih2 (TSS —61 bp~ +178 bp) and 34 CpG sites (highlighted in grey) in this region.
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1.2.7 Western blot £l & 71 )it ik 7K P

W DD 3% 117 o 20 23 TG B T A 1 AR B SR K
VORI T IIONRRK R R A
ZUA I, B504°C, 13 000 r/min, 5 min)/i BT,
KH BCA e 8t IO B, K 21 2340 Hu 4 At vk
IINGEAARTR 2xSDS FEARZE M, & WhAZ1E 5 min.
HW 15 g FEAAE 10% 1 v JE 0 IR A 58 TR M T e st
W LRIk, TR R EIRATYE R, DIbsHER
1 (marker) A 2, HUHR 271 20 5l NN anti-Uchll
Pk (1 4 000). anti-Arih2 FTAK (1 4 000) LA %
anti-GAPDH $T4£(1 : 2 000), 4Cid#, TBST Uk 4
R, BEIRS ming AR JE 2l N ZH0 4C i,
TBST %k 4 ¥, #% 10 min. B BRAR I 4840 0 e
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1.2.8 Ziilor#r

s UM B b R+ )€ x, H
SPSS13.0 Ze vt #AF 34T AH KA Ab BE S G vt 43 #r
P<0.05 hEREAGHE L.
2 KBER
2.1 DNA BfREEL

Wik 3a o, MR LA i B2 5 DNA &

A4 FE R A T B ) T AL S B A OGS T 48,66 +
0.29)% vs. FAL](7.60£0.33)%, P=0.028].
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Fig. 3 Global methylation and Dnmts expression in SN region of MPTP-treated mice and saline controls

(a) Global DNA methylation in SN region was decreased in MPTP-treated mice compared to saline controls (P=0.028). (b) Relative mRNA expression

of Dnmt] and Dnmt3a in SN region of MPTP-treated model and saline controls. Dnmt] expression was significantly increased in MPTP-treated mice
compared to sanline controls (P < 0.001). *P<0.05, **P<0.01. [J: Saline; I : MPTP.

2.2 DNA HERTES

Dnmtl F1 Dnmt3a £/ iR B R 4 R 38 3%
ik (& 3b), Dnmt3b 7E /) §SE T (1 IR T4
DB, AR A/ 225 Dnmtl 83K 7K P86t i
2 Y 2 I DA R 2 (1.5040.13)% vs. FEAIZH(2.76+
0.09)%, P<0.001], P4l Dnmt3a FKikK VL E#
25 KR Z(1.1520.09)% vs. #57 41(1.58+0.27)%»
P=0.165].
23 BELERBIHEEFIE

A I N 4] DNA AR 40 # BG4/

Bl SR TR AL DNA A7 723 ML i A B EAE, A
RUZH /N R TRTTER AL DNA A 640 M7 A Az i Y

. RN A EE,  AE 4R DRI 41 PN 072 H 2
WIEF B L 48 A, W S 44 NIEDY, JL I
SEACRE I R BRI 5 AN (HERR S2), HIRELRESE
BEAG IR 39 AN AFEE S3). X6 T BLAY 22 S ik
WS HESHS. e, BxiE. Ka. 4

Haordb TR AN, SRR R EY)
2.4 Uchll B3FX DNA BENKT K FTIEKFE

BSP 45 HY 26 A CpG A7 55 48 P 2H H 1) i
T FEEE NI 4a JTox. CpGl Ay fAE P4 b 1 gk
REH 0%, EHALFTHAT 25 M, B CpG3 Al
CpG24 {7 i Ah, W2 f) R SE AR 88 340 T o) e 4
Wi mr, (HAL CpG7 A7 AU H AR EAE PR AL (1 22
S AT G0 vk 2 (R L 0.00% s, B 4T
11.58%, P=0.001). BRLLNE Uchll 13 81X F
47 R A 7K ST 00T 4 38 vy [T R 4.(1.20+0.28)%
vs. B4 (4.55+0.53)%, P <0.001](/& 4b), mRNA
FIE KA 0k B 21 AR [ I 2.(1.35£0.09)% ws. FE
HI41(1.06+0.03)%, P=0.017](K&l 4c), E KL
K58 %o B2 PR ARG [ X B 41.(0.92£0.05)% ws. FEE L4
(0.22+£0.04)%, P=0.004](} 44, e).
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Fig. 4 Methylation and expression of Uchll in SN region of MPTP-treated mice and saline controls
(a) Site specific methylation levels (percentages of methylated CpG at particular CpG site) of 26 CpG sites. CpG7 was hypermethylated in MPTP-treated
group compared to controls (P=0.001). [J: Saline; M : MPTP. (b) Average methylation levels of Uchll promoter (average percentages of methylated

CpG of all 26 CpG sites). The average methylation level was higher in MPTP-treated group compared to controls (P < 0.001). (c) Relative mRNA
expression of Uchll in SN was decreased in MPTP-treated group compared to controls (P=0.017). (d) Western blot of Uchll protein expression in SN.

(e) Relative protein expression of Uchll in SN was decreased in MPTP-treated group compared to controls (P=0.004). *P < 0.05, **P < 0.01.

2.5 Arih2 BE1FX DNA BENKT K FTIEKF

BSP 15 HY 34 A CpG A7 5548 P32 H i) i
R Sa 7R, A CpG A s 11 AL FE
EWATY LR EER. BRA/NR Ark2 B3IT
DX - 359 I 4K 7K T B30T AL AR AR [0 L4 (1.38 =
0.22)% vs. B2 (0.71+0.13)%, P=0.011]( &l 5b),
mRNA £ JA 7K 7 55 %5 HE 41 3% vy [ B 4099 =
0.19)% vs. B2 (1.78£0.09)%, P=0.005](& 5c),
B 2R TR JK T B 0 R 2 48 g [ R 41 (1.24 =
0.13)% ws. 15 4 (234 =+ 028)% , P = 0.024]
(K 5d, e).

it

3 3
AR A A A SAML ) 20D
MR N B YEE R BZ, [AB A s R

¥,

(Hey) S S- M7 1] 24 2 [t 24 IR (SAH) 7K - 38 iy m] 3
W5 SAM ALl ak / AT DNA OS5 B s
PE, IM-FE DNA FEAL G2, seie R ], 45
T SAH 5 Hey HE1E N E MPP* X A i A€ 41 Hu 11
BEPEAEFHU M, 25 7ok Z IR 1) fr ) sl sy Hey 16
Yye] e MPTP X /s B 2 Tk e A 2 oo s M A
FUST, - HE 75 DNA AR P EEAAE 1 T fiE N = MPTP
75311 PD /)N EUBLEY B BTHAL DA RE A2 ot 3.

AR, SRR, BRI/ BT AL
DNA SUA TR K 325 BRI, SCHFPIR I b ik
A2 55 PD JE AL A JCIRBAT AR TEAR DG, IS UHET
W< AR B A I R I3 S PD &
J PD Zh B R fix 2128 DNA F Fe Ak 7K - B AR 1) i
HATHMANE 2. B Faf IR SAM A il Fai i
4k, Desplats ZESE 5L,  a-syneuclein &5 DNMT1



«282 EYMUF EEYIIR R

Prog. Biochem. Biophys. 2015; 42 (3)

(a) X 10.00}
N
= 8.00f
~r
s
S 6.00}
S
= 4.00}
>
£
T i L
g oA i [T 1l i
S GUgIEEER3 SN e e A RN RRRSNAR
2R R22 Q000000000 VL OO Q
VDL LLLLLLLULECALCAOL OO0 0 O
OROROROGRORONORORORORORORORORORORORORORORORORORG]
® . . © ¢
5 £ 200 * 2 200 *
g2 b T
§ §'1.50 [ 2 150}
25 < S
S 2 1.00] Z =100} I
§D§ I %
g&o.so- 2 o050t
Z % =
- 0 &’ 0
Saline MPTP Saline MPTP
(e <
) 2 3.00f *
Saline MPTP 2
(d) & T
ArTRD  mo o s come — — 2 2 2.00
EE
e :
GAPD SESeeseEbebEm E® - 1.0
Z
=
Q
~ 0

Saline MPTP

Fig. 5 Methylation and expression of Arih2 in SN region of MPTP-treated mice and saline controls
(a) Site specific methylation levels (percentages of methylated CpG at particular CpG site) of 34 CpG sites. [ : Saline; Il : MPTP. (b) Average

methylation levels of Arih2 promoter (average percentages of methylated CpG of all 34 CpG sites). The average methylation level was decreased in

MPTP-treated group compared to controls (P=0.011). (c) Relative mRNA expression of Arih2 in SN was decreased in MPTP-treated group compared to

controls (P=0.005). (d) Western blot of Arih2 protein expression in SN. (¢) Relative protein expression of Arih2 in SN was decreased in MPTP-treated

group compared to controls (P=0.024).*P < 0.05, **P < 0.01.

FHEAER, % DNMT % T Mo, 53040 Mok
P DNMT1 =, ifif DNMT1 J& 47 DNA 4k
()2 LR, 40 A% N DNMTI Btz n] RERE
M) DNA FEEfb ik #5304 28 D 41K 24k
B,

RS RAEME G T LR F, Dnmtl fl
Dnmt3a KA FM, $275 DNA HSEFERE 136
KR W] B AR AR A TR AR T R R R B T
YEFH. PURATFSON MPTP 35578 L PD #5528 B8 5
1 Dnmts (1R IEKFREATRI, &I PD 814 K
JFI 4 23 AR FH S AL BRI, {H Dnmtl [f) 3R I8 /KF
WER R, P78 Donmtl Rk AP A 2 5 25
MPTP 53 /N il PD #5784 8 i 20 28 DNA H 4k oK
SRR JRA . Slack Z5ERIIF ST 7N, 7 IR 40

A BEDR ZH A R A PT L3 30 Dnmt] A& K5 )
DX AP-1 AR TR T AL S, AT O
B, HYIN Dnmtl FRIEZKP. X AR B HIR
71N, Dnmtl Rk KP-38 s a] B 4 BE R 4 HT A K
RGN BeAh, WS, 45T DNA
PR3 o ) T T LA 04 DR A Y A K1
%, [FIIN DNA FUERRG RS il R 1k KP- 1 2l Xl
AW IS5 R AL, 327 MPTP W] 5 3l i 410 461
DNA U BLHERS il v A A 1

T U Py R HY R R R A 22 SR AL s
12 3 R AL K I K % B 1 (ubiquitin C-terminal
hydrolase L1, UCHLI) & —A> %111 PD B
. UCHLI J& Tz % H 1 i /& & 4t (ubiquitin
proteasome system, UPS), ZE& RTS8 AR
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MR R EEAEN, RIA NS T
WL ez FE 4k / Rz FZ AR ThRE, U R
PEMEARE, RAEMLFMZE B, R
W] UCHLI {t PD i w56 J5T v 2838 K P22, 75
MPTP 55 1¥) PD s Wi 41 rh 32548 F e, =
UCHL1 RIE/KFRIMLEI AN i, DNA FIEEALAE
hy—Fh B R M AL AN, UCHLL R8T
DX ) R BEAE P e B B R PR SR . 200
JiRRg AH S 9T R SE UCHLT TR IE K2 8 8)
TR IR IER, E IR AT ISR, &
AWRETFRE T UCHLI J3 31 X H 34 KF- 1T
9% . Barrachina 2§ PVX} WA 4 #% 9 B F K B2 R
UCHLI J3 3 34T H AL KPR, A7 B
SR . E 2 RE ST AR A I Aok B R
JT - ORI RS, AR Y UCHLI 7 PD &
R B o ) 2k AT I SRR, AT
PD B A5 5L B R A SR B 5 Uchdd Ja 81 1) 5
TEPERR 2 LA CpG B 1 — Bt K 453 bp X AT
FOWHRIR SR F, &5 F Wos 78 1F 5 0 B2 PD A
R, Uchll B RACH MRS, XEIHLERE
PRI FF 0. BERYZA/NER Uehll JA 8T IX 1)
PR AR, I HRIAACTBE, $oR It
TR TR e 5 8 87 m B A G,

T IS0 O T A AT BRA 1 S R o
Arih2(ariadne homolog 2) [F] FfJ& 172 2 & H /& &
. e/ Arh2 SERMThREDF AR AR, H
2N RS 2 1 HHARI (human homolog of
drosophila ariadne-1)f % 5 53— 411 PD B0
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Abnormal DNA Methylation in Substantia Nigra Region of
MPTP-induced Mouse Model of Parkinson’s Disease”
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Abstract The importance of DNA methylation in neurodegenerative diseases has been increasingly recognized.
We explored role of DNA methylation in the pathogenesis of Parkinson's disease in mouse model induced by
MPTP. The global DNA methylation levels of substantia nigra region were measured by ELISA Kit. Expression of
Dnmtl and Dnmt3a were measured by Real-time PCR. Genome-wide profile was performed using methylated
DNA immunoprecipitation microarray (MeDIP-Chip). Methylation status of differential methylated gene was
validated by bisulfate sequencing and expression of differential methylated gene was determined by Real-time
PCR. We have demonstrated that global methylation level was significantly decreased while expression levels of
Dnmtl was significantly increased in substantia nigra region of MPTP-induced mouse model compared to saline
controls. Genome-wide DNA methylation analysis detected 48 sites, involving 44 genes, with significantly altered
DNA methylation. The abnormal-methylated genes involved in the biological processes concerning signal
transduction, molecular transport, transcription modulation, development, cell differentiation, regulation of
apoptosis, oxidation reduction and protein catabolism. The methylation levels of promoter region of Uchll in
substantia nigra region of MPTP-treated mice were significantly higher than that in the saline controls, with
significant decreased expression of mRNA and protein. The methylation levels of promoter region of Arih2 in
substantia nigra region of MPTP-treated mice were significantly decreased than that in the saline controls, with
significant increased expression of mRNA and protein. These results suggested that DNA methylation were altered
in substantia nigra region of MPTP-induced PD model. DNA methylation may play important role in the
pathogenesis of PD induced by environmental factors such as MPTP.
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C-terminal hydrolase L1
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Table S1 Primers and conditions for real-time PCR analysis

Gene Primer sequence(5’-3") Size/bp Annealing temperature/('C )
B-actin F TCTCCATGTCGTCCCAGTTG 121 60
R ATGGTGGGAATGGGTCAGAAG
Dnmtl F CCTAGTTCCGTGGCTACGAGGAGAA 137 60
R TCTCTCTCCTCTGCAGCCGACTCA
Dnmt3b F TTCAGTGACCAGTCCTCAGACACGAA 145 58
R TCAGAAGGCTGGAGACCTCCCTCTT
Uchll F TAGGGCTGGAGGAGGAGA 306 60
R CGAAACACTTGGCTCTATCTT
Arih2 F GACTTTGTATTTCCCTTGC 256 60
R CGAGCCTCAACAAGCAG

Table S2 Loci with increased methylation in SN region of MPTP-treated mice compared to control

No.  Location 1g Ratio Description Biological process Molecular function
1 Uchll 1.25 Ubiquitin carboxy-terminal Cell proliferation; ubiquitin-dependent protein binding; peptidase activity;
Hydrolase L1 protein catabolism; response to stress; ligase activity; ubiquitin thiolesterase
protein deubiquitination; eating activity; ubiquitin binding; omega

behavior; adult walking behavior; peptidase activity; cysteine-type
neuromuscular physiological process; endopeptidase activity

axon target recognition; axon transport

of mitochondrion

2 St8sial 0.57 ST8 Cellular response to heat; lipid alpha-N-acetylneuraminate alpha-2,
alpha-N-acetyl-neuraminide biosynthetic process; lipid metabolic 8-sialyltransferase activity;
alpha-2,8- sialyltransferase 1 process; positive regulation of cell sialyltransferase activity; transferase

proliferation; protein  glycosylation; activity;
sphingolipid metabolic process

3 Vlre6 0.55 Vomeronasal 1 receptor, E6. Response to pheromone pheromone  binding; pheromone

receptor activity

4 Alx4 0.37 Aristaless-like homeobox 4 Regulation of transcription; regulation protein heterodimerization activity;
of apoptosis; muscle development; protein binding; transcription factor
positive regulation of transcription from activity; sequence-specific DNA
RNA polymerase Il promoter; skeletal binding
development; palate development; limb
morphogenesis; pattern specification

5 Tinl 0.21 Talin 1 cell motility; cytoskeletal anchoring; protein  binding; actin  binding;
cell-substrate  junction  assembly; structural constituent of cytoskeleton;
cortical actin cytoskeleton organization LIM domain binding; vinculin binding
and biogenesis; intercellular junction

assembly
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Table S3 Loci with decreased methylation in SN region of MPTP-treated mice compared to control

No. Location Ig Ratio Description Biological Process Molecular Function

1 Arih2 1.4833  Ariadne homolog 2 (Drosophila)  ubiquitin-dependent protein catabolism  nucleic acid binding; protein binding;

zinc ion binding; metal ion binding

2 Fnbpl 1.0750  Biquit binding protein 1 Endocytosis; nervous system development lipid binding; identical protein binding

3 Schipl 0.9467 Schwannomin interacting protein estrogen metabolic process; nitrogen molecular_function; identical protein

1 compound metabolic process; face binding;  protein homodimerization
morphogenesis; female gonad activity
development; fibroblast migration

4 Parvg 0.8900 Parvin, gamma cell adhesion; tumor supressor protein binding; actin binding

5 Bmp5 0.7875 Bone morphogenetic protein 5 cell differentiation; ossification; pattern protein binding; cytokine activity;
specification; growth; cartilage growth factor activity
development

6 Hix 0.7600 H2.0-like homeobox regulation of transcription, transcription factor activity;
DNA-dependent;  development; cell sequence-specific DNA binding
differentiation

7 Klral0 0.6767 Klral0 ND ND

8 Prom2 0.6650 Prominin 2 ND ND

9 Yipfl 0.6233  Yipl domain family, member I vesicle transport; membrane integral ND

10 Fn3k 0.5525  Fructosamine 3 kinase fructoselysine metabolism; transferase activity;
phosphorylation ructosamine-3-kinase activity

11 Asnal 0.5386 arsA arsenite transporter, detoxification of arsenic-containing ATP binding; ATPase activity; hydrolase

ATP-binding, homolog 1 substance; transport activity; metal ion binding; nucleotide
binding

12 Thgll 0.5300 tRNA-histidine tRNA modification; protein tRNA  guanylyltransferase  activity;

Guanylyltrans-ferase 1-like homotetramerization nucleotide binding R
nucleotidyltransferase activity;
transferase activity; metal ion binding;
magnesium  ion  binding; tRNA
guanylyltransferase activity

13 Acp2 0.5157  Acid phosphatase 2, lysosomal lysosome organization and biogenesis; phosphotyrosine binding; acid
response to organic substance phosphatase activity; phosphoprotein

phosphatase activity;hydrolase activity

14 Eeflel ~ 0.5125 Eukaryotic translation elongation protein biosynthesis; positive regulation protein binding

factor 1 epsilon 1 of apoptosis; DNA repair; positive

regulation of DNA damage response,
signal transduction by p53 class
mediator; negative regulation of cell
proliferation;

15 Cuxl1 0.4980  Cut-like homeobox transport; intra-Golgi vesicle-mediated DNA  binding; chromatin binding;
transport; ranscription, DNA-dependent; protein binding, bridging;
regulation of transcription, sequence-specific DNA binding
DNA-dependent transcription factor activity

16 OIfr63 0.4650  Olfactory receptor 63 G-protein coupled receptor signaling G-protein coupled receptor activity;
pathway; G-protein coupled receptor olfactory receptor activity; receptor
signaling pathway; detection of chemical activity; signal transducer activity
stimulus involved in sensory perception
of smell; response to stimulus; sensory
perception of smell; signal transduction;

17 Mcm3ap 04300 Minichromosome  maintenance DNA replication; protein import into nucleotide binding; DNA binding

deficient 3 associated protein nucleus

18 Vlrel2 0.4000 Vomeronasal 1 receptor 185 response to pheromone; G-protein pheromone binding; pheromone receptor
coupled receptor protein signaling activity; receptor activity

pathway
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No. Location Ig Ratio Description Biological Process Molecular Function
19 Sstrl 0.3875  Somatostatin receptor 1 G-protein signaling, coupled to cyclic receptor activity; G-protein coupled
nucleotide second messenger; glutamate receptor activity; somatostatin receptor
signaling pathway;neuropeptide activity
signaling pathway; cell-cell signaling;
response to nutrient digestion; negative
regulation of cell proliferation
20 Panx2 0.3750  Pannexin 2 cell-cell signaling; ion transmembrane protein  binding; ion  transport;
transport; ion transport; transmembrane transmembrane  transport;  cell-cell
transport; transport signaling
21 Sf3bl 0.3700 Splicing factor 3b, subunit 2, nuclear =~ mRNA splicing,  via nucleic acid binding; protein binding
145kDa spliceosome; RNA splicing; interspecies
interaction between organisms
22 Hatl 0.3625 Histone acetyltransferase 1 DNA packaging; chromatin silencing at histone acetyltransferase activity; protein
telomere; internal protein amino acid binding; acyltransferase activity;
acetylation; chromatin  modification; transferase activity
histone acetylation
23 Cyp2c44  0.3478 Cytochrome P450, family 2, oxidation-reduction process arachidonic acid epoxygenase activity;
subfamily c, polypeptide 44 metal ion binding; monooxygenase
activity; oxidoreductase activity
24 Csdel 0.3467 Cold shock domain containing regulation of transcription, DNA- DNA binding; RNA binding; protein
El, RNA-binding dependent; male gonad development binding
25 Fgfbpl 0.3450 Fibroblast growth factor binding signal transduction; cell-cell signaling; heparin binding; growth factor binding
protein 1 negative regulation of cell proliferation
26 Olfr1444  0.3420 Olfactory receptor 1444 G-protein coupled receptor signaling G-protein coupled receptor —activity;
pathway; detection of chemical stimulus; olfactory receptor activity; receptor
sensory perception of smell; signal activity; signal transducer activity
transduction
27 Ilkap 0.3250  Integrin-linkedkinase- associated protein amino acid dephosphorylation; magnesium ion  binding; protein
serine/threonine phosphatase 2C  regulation of S phase of mitotic cell serine/threonine phosphatase activity;
cycle; negative regulation of progression hydrolase activity; manganese ion
through cell cycle binding
28 Gdfs 0.3238  Growth differentiation factor 5 transforming growth factor beta receptor cytokine activity; protein  binding;
signaling pathway; cell-cell signaling; growth factor activity
limb morphogenesis; positive regulation
of chondrocyte differentiation; growth;
regulation of body size; regulation of
apoptosis
29 Sfrp5 0.3100  Secreted frizzled-related protein 5 apoptosis; brain development; Wnt protein binding; Wnt-activated receptor
receptor  signaling pathway; cell activity
differentiation  establishment and/or
maintenance of cell polarity; signal
transduction; development; visual
perception; morphogenesis; negative
regulation of sequence-specific DNA
binding transcription factor activity
30 Tmem2l1 0.3067 Transmembrane protein 211 NA NA
31 Gprl101 0.2980 G protein-coupled receptor 101 signal transduction; G-protein coupled receptor activity; G-protein coupled
receptor protein signaling pathway receptor activity
32 Gltpdl 0.2900 Glycolipid ~ transfer  protein glycolipid transport; biological_process  glycolipid binding; glycolipid
domain containing 1 transporter activity; molecular function
33 Gpsml 0.2850  G-protein signaling modulator 1 signal  transduction;  development; GTPase activator activity; binding
(AGS3-like, C. elegans) nervous system development; cell

differentiation
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No. Location Ig Ratio Description Biological Process Molecular Function
34  OIfri216  0.2667 Olfactory receptor 179 G-protein coupled receptor signaling G-protein coupled receptor activity;
pathway;  detection of chemical olfactory receptor activity; receptor
stimulus; response to stimulus; sensory activity; signal transducer activity
perception of smell; signal transduction;
35 Cnih2 0.2600  Cornichon homolog 2 transport; intracellular signaling cascade; channel regulator activity; molecular
(Drosophila) regulation of functions
alpha-amino-3-hydrox-
y-5-methyl-4-isoxazole propionate
selective glutamate receptor activity
36 Scfdl 0.2233  Secl family domain containing 1  vesicle docking during exocytosis; NA
protein  transport;  vesicle-mediated
transport
37 Jazfl 0.2180  AZF zinc finger negative regulation of transcription from nucleic acid binding; transcription
RNA  polymerase II  promoter; corepressor activity; zinc ion binding;
transcription;regulation of transcription, metal ion binding
DNA-dependent
38 Msrb3 0.1850 Methionine sulfoxide reductase oxidation reduction protein-methionine-S-oxide  reductase
B3 activity; zinc ion binding;oxidoreductase
activity; metal ion binding
39 Vlres 0.1700  Omeronasal 1 receptor, C5' sensory perception of chemical stimulus ~ receptor activity




