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ta & & <k (Parkinson's disease * PD) & P & ¥ id! (i3 1 2 5 2
- R FILR A N RR RS R g2 @A A o Tk
B¥* L%¥P %4 (Paraquat > PQ) P w & v d HFRta g & < gk B T 2
— e T ABRIE ARRE ) o RETR R BB LAY A A E
B mre = g 4 oA & F)F F-v Sirtuin 72% (Sirtuin Family Sirt1-Sirt7)
4 - # Nicotinamide adenine dinucleotide (NAD+) iz #f {23 2 figit s » & 3 o
Xt sz A RV f,iai it 4 o SRT1720 1345 % R s H
FRflig d kenit B 474 % > B E 1 Sirtuin i 4 - LT3 4 B SRT1720
$OH OB OR L B RS s e g LS & SRTL720 #5040 i
QA R 3 F R 5 1 RSRTL720 4.3 & § $#HPQhim s 4 12 »
* 23R SRT1720 28 2§ i b A S p ehiled » AFT 4 6 % A 54 5
w?2 A (SH-SYBY) 1% & t0 & & < chdp il oh F & 03t k4734 SRT1720 2 PQ
e (e 2R RS R PQ A e 5 AT R EF RS TS
@ SRT1720 ¥ 1 w4p F] PQ #ri$ & fm®e S5 F 0T % ~ mfe = hg 2 ~ R
R R > 1 E S ME A Aend 2% o 3P SRT1720 $fimie & § 4
c RSk o A TS 1T G S BB EED T F we kB A PQ T 5 SRT1720
¢ w4 F] PQ #T¥k Sirtl-Sirt7 v z £ T ' o H ¥ > XA § AL Sirtl ¥
FLPQ i & tmie = o AATF 4 3 I SRT1720 # w4 PQ f v ] &Y folm e ¥
AR A 0 1 7 B E %R SRT1720 ¥ 11w 48 LC3-I/Il thged § £ fmre
B ehstff o 2 0h > A$P* 20 i+ ¢h C57BL/6 | &1 st PQ (10 mglkg) %
SRT1720 (0.1mg/kg & 1 mg/kg) » & {1 * ifim 2 fp Mk BEL EH 75 o
B % Hom 0 SRT1720 ¥ w4 PQ #rig 3@ ig 4 1 an™ ' > 3 2 kg PQ #f

AP ETE S TR A T o FRE R hm kB & PQ P5SRT1720
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e ¥ SRT1720 » ac edF p v iT* cnT > "5 M p w50 8 flwmie @ it ff o gt
Wi, 358 SRT1720 7 13k 5 = vl (525 B o ¥ - > & > d *t Peroxisomal
proliferator-activated receptor-coactivator 1a (PGC-1a) £ i s & = &
AHEEEF M A7 % FR SRT1720 ¥ :z¥ PGC-la 4 z it chfe i - i
SRT1720 #** Sirtuin 3¢ 2 %2 Sirtl T 75 PGC-1la sv5 i & R F - #
NAZFT o A7 Kot SRT1720 $13° iR fmie 4,30 X 5] PQ #1518 § 1t R 4

TR R SRR 2 A AR HEAR R  - B G R sk R e

Mars bt g A NE > X4 - SRT1720 ~ skl ~ §F v pd A~ pegie®

Sirtuin Family ~ PGC-1a
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Parkinson’s disease (PD) is one of the most common neurodegenerative
disorder and mainly affecting the motor system because of the dopamine
neuronal death in the substantia nigra. The exposure to environmental
neurotoxin paraquat (PQ) is a widely used herbicide. It induces the increase of
ROS stress, leads to mitochondrial dysfunction, and results in apoptotic cell
death. Epidemiologically, it could be the risk for PD incidence. Mammalian
silent information regulator 2 Sirtuin Family (Sirt1-Sirt7) is a NAD+ dependent
deacetylase enzyme and it protects against such as anti-aging and
neurodegenerative disease. SRT1720 which derives from resveratrol is able to
activate Sirtl. SRT1720 has been reported to improve survival in obese mice,
anti-tumor, and anti-inflammatory, but the effect in the neurodegenerative
disease it still unknown. We thus proposed if SRT1720 could have neuron-
protective effect in PQ-induced toxicity. We used SH-SY5Y cell to evaluate the
effect of SRT1720 and PQ. First, we confirmed that PQ could dose- and
time-dependently decrease SH-SYS5Y cell viability, increase ROS formation,
and induce mitochondrial dysfunction. However, SRT1720 pretreatment
improved cell viability, decreased apoptosis and ROS formation, and
prevented mitochondrial dysfunction in PQ-treated SH-SY5Y cells. By Western
blot analysis, SRT1720 pretreatment could preserve Sirtl-Sirt7 protein
contents during PQ intoxication. In autophagy studies, we also found that
SRT1720 could reduce PQ-induce autophagic vacuoles accumulation.
Furthermore, we also found that intraperitoneally injection of 10 mg/kg PQ

once a week in mice can decrease the level of motor activity after 6 weeks

Vi



treatment. However, SRT1720 (0.1 mg/kg or 1mg/kg) treatment, reversed PQ-
induced motor defect. Taken together, SRT1720 could protect mitochondrial
function and improve cell survival during PQ intoxication. This work provided a
promising therapeutic way for treating aging-related neurodegenerations, such

as PD.

Keyword: Parkinson’s disease ~ Paraquat ~ SRT1720 ~ Mitochondria ~ Reactive

Oxygen Spices ~ Autophagy -~ Sirtuin Family ~ PGC-1a
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¥ - & tag &g (Parkinson’s disease s PD)

-~ g HEN g2 ANE

AR SR 2 i (Neurodegenerative disease) i & ¢ 7 M4 & < g
(Parkinson’s disease * PD) ~ [# ix/4 &z (Alzheimer’s disease > AD) ~ ¥ 7 #f
& (Huntington’s disease - HD) ~ =% i+ & %] % # i £ (Amyotrophic
lateral sclerosis » ALS) % o #¢ 5181t (45 :/Eﬁ%}ifz AN O SlmeEd 4L

ERIwN @ H Gy chde & o

rlangﬂ(a;ipad tglbr}}"}?;m"%é RN B2 S e - A 7 SREALE
B WA BE R L P B Tk A v KL FE ARG £ AT (Wesseling

et al, 2013) - o g gt 1817 &£d FRFEF LR L - bk & (James
Parkinson) *+# %+ (Essay on the Shaking Palsy) ¥ s if = = & ¢ i@k

LG A SRR IEE AR s LR A ¢ AR AR G Y 0

4 2 g g vl w3 (Parkinson, 2002) 0 i § FF A AR % BB o B T
1861 # > iz W & R Charcot 4 st 5 i rita g & & & 2 (Goetz, 1986) » i x
PIARRAR S A nBlid - b g G g ek TR P auptk e 7o < gk
ye4# (Tremor atrest) ~»~p g/ (Rigidity) ~&# 7 i s i@ H &% (Akinesia or
bradykinesia) m %2 I =4 3 (Postural instability) (Goetz, 1986; Jankovic,

2008) -

S MEHEVELRESE
b & B SR e A SR G Lt Y g L A (Basal ganglia) 2 F AR

&% 3% (Substantia nigra pars compacta » SNc) % ® @13 = =4l &~ (dopa



minergic neuron) = % #1:¢ = (Bjorklund and Dunnett, 2007; Schultz, 2010;
Fengetal, 2015) - AfZ3 & ¥ » AR e L X R AL 5 305 R kg
(Striatum) frts % 94L& T +% (Subthalamic nucleus) % 2 5 % o F & % 3 =
A BT AP R SE R AEER DY T Ry SRR B

BW R 3 Binior iy gud (T o

FLEAGAF (Cortex) B3 AR - RAPRG A R 2
pAER A enrd] > - SRR ERBI RN Z Y sk (Internal segment of

globus pallidus » GPi) £ &k 2 5 18 4% g (Direct pathway) - ¥ - % %

A i@ 3 ok F e i (External segment of globus pallidus » GPe) - 5 & 1 45

TR L BRI E e sk 2 ol S B (Indirect pathway)

o
o
pat
R
=
=

% 2%
=R

St L g 56 R (Thalamus) BE& &L @2 A QA R o 23 2 F R
ool g g BOF — Rkt B (Nigrostriatal pathway) 45 84 3] 5 % 48
T g By F 5 ¢ v (Dopamine) o k@ dpat S iEiw EL o B @ BB

@ﬁ%%\,}ﬁdorﬁd’fyﬁ% Em}?;é_"‘]?%‘”& 1% % Bid 4T w0 A A

M-

5T R F A EE R R AR AR GG BT
BN g &S p > BT RBINS T Rkmirfpgat F A BT &4

50-80% > @ A AR RS T oinp g ke dr 4 K 70-80%7 £ o

SERCY E LEER -1

T

AT BB FF AL 0 THERRFE - FCRIZFUF R

A5

K

R¥ g 43 > M & &< gk F] (de Lau and Breteler, 2006; Obeso et al.,

ol

2010; Exner et al., 2012) - K,lrt TR F g R ek Hg o R FE

il

i A_3% i 7] (Obeso et al., 2010; Polito et al., 2016) - & 1980 E R T

- HAREEFS O AEE DR A4 MPTP (1-methyl-4-phenyl-1,2,3,6-tetrahy



dropyridine) .

A 4 0 SE e g A g gk (PD-like symptoms) s FoAiR 0k ek
G R T AEIE o FRAFLEP MPTP P2~ ZF R » 4§ 7 i
HEAT TGRS o PR EFAL S F AR DF F PR T @
g BN R ATy o P LR B A ()40 ¢ Rotenone) » *fzr A (b4
Paraquat) ~ % & # % ~ 5 83 # 2 £ £ HE 517 i A e e R to g &V ahik
i ¥1+ (Feng et al., 2015; Polito et al., 2016) -
¥ =& 7 X4 (Paraquat - PQ)
-~ BEfBLA
MRS FR LD AR EAERSE T R R ERBETF YT A
=t g &< g (Tanner et al., 2011) - 7 % f= (1,1-dimethyl-4,4"-bipyridinium
dichloride, Paraquat > PQ) * A& AL 5 = £V ~ 5L 8B 5 - A% | e
et k' 58 (Bipyridyl herbicide) - v i g 0 LR o [ AR § 0F
x/%;f;fg@qa FIE AR o P AT 130 BR RETR * o
TF G

R TR | F] g,v*,,»u 5E;l:rf’1,§_lrio£ﬂi&?—r D FE B [ BE o A
. 17 3

(.G
< ¥ * 2 B # (Changetal., 2012) e

A=

¢ v PR R I RMFFIANTL D AT L S

pane JiT20B RpET L E
R 2012 # 2% 7 345150 * B #p I g2 "% X (Myung et al., 2015)
WEDDFAAFIR > S5 ENG 546 L At R ES
PP Rt A
AX K AX R 7k o

H ¢

-~

4 160 4 &

7*

SREY
(Chang et al., 2012) - F|}* » S B E het @2

ey .



B x4 KR g5l F LA 27 F 1 (Dinis-Oliveira et al., 2008;
Alural et al.,, 2015) - - & ™k » F R {50875 & 5 P b iR %"m;ﬁ%
(Gawarammana and Buckley, 2011) » & i7# %k« A% kA% 5 8 7 FRF X B¢
A ks P A 2 (Prasad et al., 2007) > P e gl o A

= o ad@da P anip 2 (Camposetal., 2013) > #rF AT AT &

il

B A g AN ga R Tl - o

= PERLATBE
T ¥ 1 h g 2 MPP+ (1-methyl-4-phenylpyridinium) Ap iz # i i@ 3¢ {2
il pa & 3@+ (Neutral amino acid transporter) i i« "o A i (Shimizu et al.,
2001) > gd 5 = =4 :& 3+ (Dopamine Transporter> DAT) & » % % &tz p »
&d carrier i o~ AR PN NS > frd] AT 5 BiE4aa Complex | eniE R
(Moretto and Colosio, 2013)- ¥] Complex | =17 iy 5 #-NADPH ¥ i* 5 NADP+ >
7 PQ® ¢ v+ Complex | { & i# g7 NADPH % & » i42~ £} 4= NADPH % #
NADP" > ;3% 5 o d Aenf X 4ep d APQ" » & F - 2 L PQ" §¢ O,
e F P BRFRABELAPQT BT § A LB N0 FF T A EE
106 5% Pt ERASAE D HO, 2 OH o izt 3 2§ It 4
(Reactive oxygen species » ROS) ¢ i = "2 e DNA 2 Fv Fig 45§ > &
- o Fb TR MBEFHEGI PMBMAE L <

FrulH g3 < genip 2 (Castello et al., 2007) -

e

VA
P o WA Wy W

Paraquat (PQ2+) Paraquat radical (PQ**)

(Drechsel and Patel, 2009)



¥ = & Mm% (Mitochondria)

-~ RMEZHFR
BRI xR A FE RETF IR d v B 5 F Ak (mitos) %
ks (chondros) % 4F 8 A7k » sl & & 5 kA8 (Mitochondria) - 4%
WALF NI Pwmed  A- BEIBERS R oM it -
23 A B R d cha poAwlL L shar (Outer membrane) ~ R
”= (Intermembrane space) ~ p % (inner membrane) % A F (matrix) - % i
A e 0 X2 e RFLFRBATOPN N A PO A
(Cristag) # 123 4e ph 2 A Fcngff o 4 - A1 & 2 L § e ATP o i ¥ ek
BT oRAME T2t hwme e c v G 2 el gl EEEREL

7 & ATP &% B Wi -

I O RARWZHN
BRI & # i i ATP éh& = (Perier and Vila, 2012) - im® 1 ATP 7
90%rs b d ML & o & ATP ehg 2427 » MM FAEF S L L F o @

R Bifed - § LR T - R R JATR (Citric acid cycle) ¥ o F F 4%

e

F_‘-

Be = Ef2iE* (Glycolysis) » i » 2 RABHA F P B 4o 7 5 pr plist 2
(Pyruvate decarboxylation) - it 2= ¢ fighf fis Afs > B4e8 (T RIFRE AR -
®FR BT e < A%k (Krebs cycle) & TCA # % (Tricarboxylic acid
cycle) » H @ o o Al pF A € SRIFFIARA 2> CO2%2 & > &~ ¢ 22 NAD'
fo FAD 2 & 2 NADH 4r FADH, o @ il » P} SR 4038 (7 5 fMBEFE (- o § 1 B
it (Oxidative phosphorylation - OXPHOS) f_d p 5 b eed ex % % 47 & 48
(Complex) #7135 = ehq + @ if4d > &~ w 5 Complex | (NADH-ubiquinone

oxidoreductase)~Complex Il (Succinate- ubiquinone oxidoreductase)~Complex



(ubiquinol-cytochrome c¢ oxidoreductase) - Complex IV (cytochrome c

oxidase) 2 ATP & = f= (ATP synthase Complex V) #7i = o

SO XX EE

[t

PR - BE G B AR LT e BB Al ¢ 195 me chd A 4

q‘

7 I 9758 (Youle and van der Bliek, 2012) - > 448 4.4 & = (biogenesis) p# -
SH oMM E B A WA ATP A i #ruk Rl ¢ 2 4~ 4 (fission)
Rh AW HFEdlen RRWAL GIF LAWY afFrp LT €424
fe & (fusion) sk % - 3k p &7 X 3 (Youle and van der Bliek, 2012; Ni et

., 2015) o @ F] L R AR d T IR % A v FARRM O AR 0 TG AR
RAZS OB FP TR RMA B2 Y o AT R P o F RS A
Fim T g & IRE i% Kk e tubular 254 (Wasilewski and Scorrano, 2009) » @ § ‘w
e X RS ER A e s P mAH Ak € R E L el A58 0 )
18k (blob) 3] & (Youle, 2003) - @ fiw?z 3 7~ # (necrosis) - F R E &
B %k enf] i (Laporte et al., 2007) - 2_ {4 - & Jﬁ IR s K,éft ERE =Y S
Bl LRl SR N AT MF RBE R €A P 3 AP B
(donut-like) =375 (Liu and Hajnoczky, 2011) - J* = & 3| f& A s tg:f < 5 i

B4 i T A2k chi= B FI* T B4 A (Ahmad et al., 2013) -

Rotenone,
Antimycin or TNF-« Rotenone or Antimycin

=

. = Tubular

O = Donut
@ =Blob

Normal

Rotenone or Antimycin

(Ahmad et al., 2013)



Al FEERT oA R I tubular Ak o A f me BRARE R F TV RS
PF o R ARLRE ] R € bt 2 donut-like (A R o F e cng VR4 B4
RO i € %+ blob 3k A SR AA 2 3 T HEawie k= (Ahmad

etal., 2013) -

T~ RAMWEF RS

Fosl g ATP augizs - T ¢ ®id 91> £ ROS (Murphy, 2009) » 3 #-
RWHTF Bfsag 2 H i P hE Y F €44 E T ROS iz ROS ¢ 4 5%
#mre \ crve B2 DNA > 7‘%@ %% 3 i* &4 (Oxidative stress) =z 4 » &
M ¥timre 2 4 5 L35 & (Oxidative damage) (Gutterman, 2005) - @ ta & & = g

s B4 B AU i B ¥ Mz ROS e~ &4 =5 B (Hwang, 2013) -

I~ peABRIL AR

pd & (Free radical) &d i &4 s B 4GB 52 2T+ PR
FEAB I F P EF R AR FEOT T OEIRT A Tk i Fet
AEREHEAFIARIPT I o em AR F LRGE A REFPLF AR F 4
UF A D R F R A ARYF o WP AL A RS LR
HERPNF P o F VIR S Ak A 24 ST s ROS X
XSl RMAAS o - g LiER Y o g A4 20 F 0 ROSH bk F]F 4o
Mg s ~aipp 21 RN AR "fi’é"ﬂli‘;fsg“ﬁi%%ﬁ%%‘* E hp o
Aoadldpd A AWOGTF o FARBREM GBS -ROS

A GRHE- 'O ARF A d AO i F A OHiEF I § HOp % o



WP S Epd Rendf g > 3B NF 5 )4 Mg s (Enzymatic
antioxidant) &t § pd AA 2 E 5 PF o p g VR G AE 0 M AEFER

i}r’/ﬁk/lgdéi’i‘k’gﬁml% o

4z % v it fF (Superoxide dismutase > SOD) : SOD & ##p en% - 4 p
dAP B BT RATE g d R W F B2 & 0p % HO, e
HPRpiri=) 2 A9 Z W FF 52 ka4~ 5 SODL 2 SOD2 - SOD1 % &iw
Y B2 & CulZn et F @R SOD2 5 Y > HE & Mn et
+ B -SOD S Mp £ & ey L5 RFAHFA T T 0 § ) B4 2 SOD1
2 SOD2 38 ¢ WP gy b5 S Boaf e WRBEMEF RS M
P o £ 3 SOD2 st 4 { ¢ =24 ﬁvﬁpmefﬁf_o LF TS BT 0 &2 SOD
EEV UE R PQEARR TR h Mo ika %X PD A 2 (Mollacea et

al., 2003) -

%%+ PR v $ = (Glutathione peroxidase > GPx) : 1 & §_#-H,0, -k ji#
= -k (H,0) - GPx 3 5 i# Subtype > @ # i & <1 Mitochondrial glutathione
peroxidase (GPX1) % * %4 mp_?\« 3 AR Am T AT § GPxL AT
A ] Bk B AMF (Hyposia) cuk it » Hp AW T i o ¥ k5o

rEROIER TR s F R GPx1 Ak st ehE £ 4 (Hwang, 2013) -

Yz & @ A%&-= (Apoptosis)

- Wk 24058

ST AEABBNEE AN €2 EO AT o R PES € A

ARG ik e F AR TR T A F Lee LR RTF] S AL

9



PR R 0 TG RS AR IR G ehiw e gk o ik e chiARX A G AR
Bl = R A2 o mie g ch < 2 UG i i (Necrosis) 0 im
R FEF LB A BBt AP B R B2 0 H e
Plc: e B R REE R o A A BN ihmie S 2 NG e
(Apoptosis) » H_d fmiz WA 2 hf| e EL o # e § A hd e = o B

mbe = X LS 7 (Programme cell death) -

e k= X 5ot T p g (Extrinsic pathway) 4 2 opo 4 RS
(Intrinsic pathway) o  F] g GS ~ f 5 5 = # 2 B /2 (Death receptor
pathway) - Flim®z 5+ 5 5= % &% (Death receptor) - % 7~ fe#8 (Death
ligand) ¢17= XM RHERFFEL 0 T AL NEL > BB T HERL TS
# 54 & 48 (Death-inducing signaling complex » DISC) & > DISC ¢ ia_i¢
T 5ep precaspase-8 & T f7 I 5 Y = caspase-8 0 Tl e A= F R o B
A EFR o FMEEIEF TNF 22 Fas ¥ o p FIE R E X fOR S8 BT
(Mitochondrial pathway) - & fm¥e % 3R 4 & X q‘l,;fﬂiw R _nP2 &= F-9 BAX -~
BAK ¢ % % it (Oligomerization) - ¥ & j= 38 ¢F 5oeid 35 (23 4o > 2 74
Wp hmiz ¢ 2 C (Cytochrome C) ~ Smac/DIABLO ( Second mitochondria-
derived activator of caspases/direct IAP binding protein with low pl) ~
Omi/HtrA2 (Omi stress-regulated endoprotease/high temperature requirement
protein A2) 1 1 W F > @ Cytochrome C ¢ &2 APAF-1 (Apoptosis
protease activating factor-1) 4 &3, %= | %8 (Apoptosome) > Apoptosome
¢ I &7 precaspase-9 % & > I ¥ *» precaspase-9 7= & &+ caspase-9 >
caspase-9 ¢ { 514 caspase 2% |4 precaspase-3 - precaspase-7 ¥ - & H
17352 caspase-3 ~ caspase-7 v & H e iE{TF AR DF FHME B

R dmiE k= om ¥ 50 Fp b caspase RIEME R I wmve k- o fmfe )N e |APS

10



(Inhibitor of apoptosis proteins) ¢ 4 #r+] Apoptosome 7=+ & 7 1k |APS ¢4
dnre = A RAE A & cH Smac/DIABLO & Omi/HtrA2 ¢ 2 #r 4] IAPs >

@ Fmie k= YR o

1y

s e k- B A vEIER

¥ BPIER A F 2B aF AT AR RSN A HA A
WEFHE > 35 5 B EFASFF (Thorburn, 2008) - L% F 3 45 4 > Jm %2
SR IE i} PEV G A AR A o Gde pB3 VL EE mie = A 4 o
prs FEAIEY st > @ prE(E® cht P5hv Beclin 1 % e &~ 3
v Bel-2 3 23 8% o Awm ATy &or 0 PQ e % Autophagic flux € .8 mve %=

14 4 (Garcia-Garcia et al., 2013) » ie p 30 2 1 » f EE(T* % M2 k= 3 4p

~ ~

P AR BB p o i B ERET S0 G

3
b~y
3

P VL IE®

-~ peEiE®r 2 A %8

BEf e o 23w SapFo FUE XL EOLINIE G A -
8% d L% (Ubiquitin) % 3-¢ s (Proteasome) #7i =2 % -3-v fis & f# &
s (Ubiquitin - Proteasome system » UPS system) - & ¥ - & & d /3 f= 4

27

(Lysosome) p g% #r'% f2enp s T % & % (Autophagy system) o

prii®® (Autophagy) #- fhifd i3 pFtld-tmme f LY gy F A0
% B H tmve B ;vg—% s L AF e 3 S 0 R dmre N R BT R AR e p o (E R
AR L Ew BRFE o 2B 5 1 p % (Phagophore) =7# 4 ~ p #5488 (Auto

phagosome) ) & ~ g M 2 A W OR S ~ LR P oD R

11



(Degradation) % mPe 4 41 & » 2 L EWELL > hlwe ¥ cHVps34 F-v s it o

Vps34 % Partner class 1l phosphoinositide 3-kinase (PI3K) » # ¢ £ Beclinl -
Atgl4aL % % & » 2= Class lll PI3K Complex » & &_j& 25 = — 1 %% 7 ke & -
(Isolation membrane) » i& i %o g & B ~ 0 T F Kk SQSTML #rik T i 7% i
B9 e R o AL W hERY 0 T F e Yo LC3 &
phosphatidyl-ethanolamine & & 2} LC3-Il > a4t 3]% b - 2 Flessgpehat B o

BB EA b ¢ RO EDEY £ WA AER om p R € BB
Mg iFg & > A= f i | 4 (Autolysosome) - FEd B EEEE Ok R R Ok 4 R
EESESNTY F o RALSRI AT oAl AR (oRAR) BT

R AT S G e i T AT F e o

S~ PR BE X el

foegic® £ fhinte g A REE H T FgI B F o oo 4 2
wreind GHETFMoFPEFEYERAIDLF > § ERw P X BDRS EZG
o 30 TR AR o pEIER DR K L BRE SRR E A I
%%+ 3 M (Kondo and Kondo, 2006; Martinez-Vicente and Cuervo, 2007;
Nakai et al., 2007) - L% # 7 &+ > & SH-SYSY w2 ¢ » PQ ¢ H ik p il &
mie JTY g o ek Rwmie? > PQ ¥ prER A 2 o A @ AR
SQSTM1 ehg-v &2k % f2 o @ bt £4 54 2 $ 14 %m (Rotenone) » &A
Glhmre ¥ prglp KT R FJE Rypdrd] 7 Lysosome x4 i (Mader et al,
2012) > i B p Fov WEEHE R @ A58 o-Synuclein g o 3 ER
Mmoo e P i o PQApEIE cniv* 8 R amE o e
EyAripd PQ #rg = hprgiv® & ¥ ERwmrzilAmrr k- g 2

(Niso-Santano et al., 2011) -

12



528 BB & F-9 Sirtuin

- > Sirtuin Family

Sirtuin (Silent information regulator 2) & - & NAD+ dependent protein
deacetylase’ i & f # #4459 & &9 (Boutant and Canto, 2014)- Sirtuin
- B 4>%_t Yeast (S. cerevisiae) " A F M T HF ML L F B AT M
PR AR B S bt B of flap e ¥ R Sirtuin Gk R 7 #] (homolog)
(Schlicker et al., 2008)- fvf L 85 d- 4~ ¢ » p w0 & 3¢ R Sirtuin = 7 - f& subtype
Aul G SIl~Sin7 > v i 2 p A F g s FHa ik kg o HY o Sirtl
2 I e R e [T SN2 A At im B¢ 0 Sin3 s Sirtd ~ Sint5 £ ot
AP > Sirté &2 Sirt7 %Mt imre % ¢ (Houtkooper et al., 2012) - g = @ &=
Sirtl-3 4% % (Substrate) 3 2 figit # i i %+ 0 @ Sirtd-6 X Fehd 2
fie 1t 7 it # % #es3 (Takumida et al.,, 2016) » @ Sirt7 st it p 5B 2 540 P
@ > Sirtuin 423 H & Cell cycle ~ e FRF e 4 @yE ~ #E 4]~ A qE& i

$F Mo ATRR LS FRE AP L RRAM o TP iiE? e

Sirtl

Sirtl ¥ 2 5d 2 ¢ figit (Deacetylation)en= ;%= it PGC-1la (peroxisomal
proliferator-activated receptor- coactivator 1a) - #t X' 1 ROS 2 " 4! i
Zitpopihd 4 (Karagiannis and Ververis, 2012) - PGC-1a .33 iy st 4 &
~aiE & » F > v 4 PPAR-y (Peroxisome proliferator-activated receptor
gamma) ik & i F]+  (Coactivator) - Sirtl #-PGC-1a i# it {5 » PGC-1a ¢ &
e % ¢ 3 - mtTFA (Mitochondrial transcription factor A) f F] ez #s &
(Promoter) ¥ # 4%+ NTFs (Nuclear transcription factors) > %38 mtTFA F-v
g 0w MTFA A3 Dimre %> T 2 LAY > B RY DL &=

(Ventura-Clapier et al., 2008)  Sirtl £ § 4§ i*eni®® ¢ JRF 57T HF o §
13

-



B 4r Sirtl & 7 12 e PGC-1a 2 FOXO3 th3 4 » 38 f 4§ it v oh
# 3 (Lavu et al., 2008) - i¢ {# ROS & 144k i“f SRCIE NN LR R e R
R R 27T ¢ . FIRSIl . ¥ o igd P NF-xB ki 1) % 08 L F R
eniT#*  (Buschetal., 2012) > 7 » F?Ea‘ﬁ D Sirtd ¥ 2 g d Fed] p53 ke
Pk 0 fimfe FY 5 Sitl 11 B 1% & pb3 F-v i lysine 382 gk 0 B &P
+] p53 F-v E o e A E FlHrd e A= sE 4 (Jianyuan Luo, 2001) - @ A
w2 % ¢ > Sirtl £% %A histone e H3K9 F » i8¢ 2%z =24 ¢ fgit > i (¥ DNA
£ histone %4647 { Bf 1327 = 2L DNA & 2 i 473 %2 p53 v (Feng et

al., 2015) -

Sirt2
Si2 e A & Wit PHE A<l B k- Baganz ¥
BEY o193 F7 7 BEor 0 SIM2 flwie FY cha & i S A & MicE (Microtubule) <

z ﬁjg;:,_ib °

Sirt3

Sint3 3tk sgge 7 ¥ LR REY 1 & g3 ¢ it s (Sack and Finkel,
2012) - 3547 3 B 0 Sirt3 2 & $H R o B endg g i (lysine) 2 ¢ it
GRiE® > 2 SIn3 Bt ROS a2 Uik A MRy R inig i

(Chen et al., 2014)

Sirt4
Sirtd F_k 2 %8 e ADP-1 4% 2L # 45 i=  (ADP-ribosyltransferase) » # 7 Fr
PR EZRBERLFEE BERE e ARy BT w2 v

pofmre P s Sirtd ¥ U &k gl g 714 3 (Nasrin et al., 2010) -

14



Sirts

Sirts =3t st - a7 Bor o Sirtd ¥ # Cytochrome C 2 ¢ figit -

R R B B Sitd A 75 *‘f B L) BeFggd CPS1  (Carbamoyl

-Phosphate Synthase 1) .34 fgit  (Succinylation) 3 4c > % 7+ Sirt5 % T2

o fplt e i

Sirt6

o iR

A

Sirnté & e R 4 Jg k. (Cellular stress resistance)

(Genomic stability) 14 % % it

4 B o Sirt6 =2 w1 ¢ o Sirt6 Ak s

£ 3 yhIafigis hwt i (Schlicker et al., 2008) -

DA W

F 4 Fenspp o 1 HEd 0k H3KO she fpfl an= Ui A 3 Sagde e A sl

Flleaff g B Mo §3ara? 2 ¥ g B ag 4 (LaGuire and

Reaves, 2013) - 77 7 &7 > Sirt6 » & mre ¥ 7 B o

Sirt7

Sirt7 =cimie pr ¢ o P SIn7 auE g B F R R i 4

polymerase | = transcription (Ford et al., 2006) -

2 02 Villalba #2012 28 4

Localization, substrates, functions and enzyme activities of different sirtuins

S N [ 3 ¥ .
w2 ¢ Bl TF G SLEE

P

.
%=

Sirtukn | Swheellular locslizstion High tissme expression Main smhsirates Fanetions Enzynse activity
SIETI | Nuclear and cyiosolic Bamin, skelemal musscle, heart, kidney and | Histones HI, H2 and Ha Cell survival, lifespan NAD*-dependent dencetylase
utenes Transe facaors pii, FOXO family, regulation, meszbolism
k..m,pm NF- B, PGC-la, PPAR.y, UCP2 | regulation, inflamenasion,
Acenyl-Co synthetase | uicative stress responss
SIRT2 | Cyiosolic and nuclear Bamin astubulin Cell cycle regulasion, NAD*-dependent dencetylase
nervous sysiem
development
SIRT3 | Mitochondrial, roclesr and Bamin, heart, Inver, kidney and brown Aceryl-CoA synihetmse 2 Regulation of NAD®-dependen deacetylnse
cytosalic adipose tissue Isocuraie dehydrogenase 3 meitochondnial metabolism
K, FONO 3, MnSO8, Misochondrial
ribosomal prosein L0
hain acylCoA deshy
3Hydraxy-3-Methylgluary|
Cod synthase 2
Succmate deshydmgenass, NADH quinone
oxidoreductase
SIRT4 | Mitochondrial Pancreatic fecells, brain, liver, kidney (lutzmiate defwdrogenase Regulation of ADP.ribosyl ransferase
and heant mitnchondnial metabolism,
SIRTS | Mitochondrial Bamin, testis, heant messce ond Cytochrome o Apoptosts NAD® ndern deacetylase
lympnotlas Casbameyl phosphate symihetzse |, Desuceinlase
Demalonylass
SIETe | Muoclear, sssocmted 1o Mduscle, brain, heart, ovary and bone Histone H Giencme suzhality, DN A NAD® ndern deacetylase
heterachromain cells (absent in bone masmowh INFa repair ADP-ribosyl transferase
PAFRL
SIRT? | Wucleolar Feriphernl blood cells, CD33* myeloid RMA polvmense | Regulation of fRNA NAD*-dependent dencetylase
bone marrow precursor cells EH transeription, cell cycke
regulation

15
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=~ SRT1720

SRT1720 % {3339 % /% (Resveratrol » RSV) 2 ol &) kenit &
FRA g A ¥ F B g E TSIl ehgk s (Milne et al., 2007) - 6 # k5 = A4
g B Eit Sitl chdFid > ¥ g% § & a1~ Aok R
HEFRAEHFIER DL HF RSV L34 GiwETr > FL At R P fic
NP BT URE MPPH+#E X G f T immiecng VR4 E e k-

(Bournival et al., 2009) - 4 5 2 7 4 I > SRT1720 3t 7% 14 Sirtl F e s 3

3

RSV 2 His it B w4 F (4] 1 SRT1460 ~ SRT2183) (Milne et al., 2007) -
SRT1720 ic 3 4r B £ £ 4 & ¥ Blend & > 2§ Mg g 4 > SRT1720 »
L3 g it > v NF-KB e s o SRT1720 # #5475 i Sirtl &

;o ;ggb EiEd A4 &= (Funk etal., 2010) » i&m E 54 SR 2 2t 3 & (L op

iT* o

16



FAE wmvPEFAE R

d g HNES 2 F S S AR IR I AR BRI P WS
Mg B S TR P ARk F L U ERATAAR S R v HE e A
FAg D ks 20 PQ# Hbh & foS g 3 R0 s A IR PQ ¥t im
P R MR ERTER 4]0 12 PQ Amie = 2 A EIER ORI o b pEY IF
SRT1720 7 PQ & {28 F £ 5 in R B4 > £ 47 3 SRTL720 #4204 5 i chf
fEo AP B AR SR etk SH-SYBY w2 (T 5 WP &S F i chiw e 73] -

Bk AET R i - PQ 2 SRT1720 4% sEvmid bz = N4 ] B o 3 ¥

W

(FRRE A AP ¥ E 5 kAR SRTL720 8.7 it g i ¥ 7o 3 = vl (5~ 3

PQz 4 % »i&m>is SRT1720 iF 5 a4 & < Jri sk £ 5 4 o

I e - - S T EL T
1. #4PQ2% SRT1720%F3"SH-SY5Y mre phenz i 5 » 1 2 Hop 484 i ~ #
it 3 ROSA = 3t »

2. #4tPQZ% SRT1720%+*>SH-SYSY fm ¥z tk e13Sirtuin Family 3¢ 5 7 £ 2 # 34
3. ¥ SRT1720%*+SH-SYSY mbe ket v % = § 2 §53:

4. £%PQ2 SRT1720%4> SH-SYSY mee $k ¥ | v (% thp viie i § ehff 34
5. £-4PQ2% SRT1720%4 > SH-SY5Y % $x » Sirtl - PGC-1a% 3-v th% 1E
®ih2H
FU* o] BE 5 JoAF A PQZ SRTL172044> | & # (7 5 2 @ 55 5 = wedd &5

L

2.5
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-~ REXRHA
RE LA 1% i
% (Centrifuge) Centrifuge 5810R Eppendorf, Germany
% (Centrifuge) Centrifuge 5417R Eppendorf, Germany
i3 = N B s (Inverted Axiovert25 Zeiss, Germany
Microscope)
WA R R Model 905 Hotech, Taiwan
T BSC-3/ 4/ 5/ 6 Chih Chin, Taiwan
ZF “Er A MCO-18AIC Sanyo, Japan
(Incubator)
JEREAG 14 BL-720D Yihder, Taiwan
T o =E IBI Scientific Stovall Life Science,
BWBAA115S USA
fé 4k & 3+ (PH meter) PB-11 Denver Instruments,
USA
ANk kR PowerWave X 340 | Bio-Tek Instrument, USA
5 2 kAT R SpectraMax M5 Molecular Devices, USA
FRE RIS e Zeiss LSM 780 Zeiss, Germany

(Confocal laser-scanning
microscope)

¥ £ & pcsx (Fluorescence | Leica Axiovert 200M | Leica, Germany
microscope)

R e GloMax® 96 Promega, USA
Microplate
Luminometer

AR E Pifs T8 RH R ND-1000 Thermo, USA

(NanoDrop)

o kR Fuji medical X-ray FujiFilm, Japan
film

PER X-OMAT 2000 Kodak, Japan

| BUR Bkl R R 47600 Ugo Basile, Italy

(Rota-rod)

A S CM3050 M Leica, Germany
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=, rEEs

BRLH Cat. No. R i

2-Mercaptoethanol M7154-250ML Sigma

50x protease inhibitor cocktail 11873580001 Roche

Acetic acid 1.00063.2500 Merck

Acrylamide/Bis Solution, 37.5:1 10681.01 Serva

Agar J637-1KG Amresco

Albumin ALBO001.100 BioShop

Ammonium persulfate 98+% A9164-100G Sigma

Annexin V-FITC K101-400 BioVision

Aqua poly/Mount 18606 Polysciences,Inc

Bio-Rad Dc Protein Assay 5000116 Bio-Rad

Reagent kit

Caspase-3 Fluorometric Assay K105-100 Bio Vision

Kit

H,DCFDA D399 Thermo Fisher

DharmaFECT T-2001-01-02 Thermo Fisher

DME/F-12 SH30004 .02 Thermo Fisher

(Dulbecco's Modified Eagle

Medium/Nutrient Mixture F-12)

Dimethyl sulfoxide (DMSOQ) 2650 Sigma

EMD Millipore Immobilon™ WBLS0500 Millipore

Western

Fetal bovine serum (FBS) 04-121-1A-US biological industries

Glo lysis buffer E266A Promega

Glycerol, Ultra pure 800687 MP Biomedicals

Glycine 56-40-6 Bionovas

Goat Anti-Mouse 115514 Jackson

Goat anti-Rabbit IgG Antibody, 2062305 Millipore

Peroxidase

Gradient Gel Buffer FLO500-0500 GENESTAR

HEPES UR-HEPES-500G | UR (UniRegion
Bio-tech)

Dihydroethidium (HE) D1168 Thermo Fisher

jetPRIME buffer 114-15 Poly plus

jetPRIME Reagent 114-15 Poly plus

20




MEM Nonessential Amino Acids | 25025106R Corning

Micro slide glass Frc-13 Matsunami Glass
MitoSOX M36008 Thermo Fisher
Neutral red N4638-1G Sigma

Penicillin G Sodium Salt 69-57-8 Amresco
Phenylmethylsulfonyl fluoride P7626 Sigma

(PMSF)

Prestain Protrin marker APMO067 1.250 Aprowtec

Pro-prep protein extraction
solution

17081

Intron biotechnology

PureProteome™ Protein G LSKMAGGO02 Millipore

Magnetic Bead System

PVDF membrane (polyvinylidene | GB-PVDF045 Goal Bio

difluoride )

Skim milk 232100 BD Difco™

Sodium azide S8032-25G Sigma

Sodium Chloride 7647-14-5 UR (UniRegion
Bio-tech)

Sodium hydrogen carbonate 1.06329.1000 Merck

SRT1720 A10862 AdooQ

Stacking Gel Buffer FLO500-0500 Genestar

Streptomycin 3810-74-0 Amresco

Sucrose 57-50-1 Bionovas

TB DRY 12105-1 MO BIO Laboratories

TEMED 161-0801 Bio-Rad

(Tetramethylethylenediamine)

TMRE-Mitochondrial Membrane | ab113852 abcam

Potential Assay Kit

Tris-base 77-86-1 Bionovas

(hydroxymethyl) aminomethane

Tris-HCI 441514A BDH Chemicals,

(hydroxymethyl) London

methylammonium chloride

Trypan Blue Solution, 0.4% 15250061 Gibco

Tween 20 P-1379 Sigma

Urea, for electrophoresis U6504-500G Sigma

Xpress Plasmid Kit AXP025 Arrowtec
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oty - FLRg L b Cat. No. R

Actin 1:500,000 MAB1501 Chemicon
Tubulin 1:5,000 Ab6046-200 Abcam
GAPDH 1:10,000 Ab9482-10 Abcam
Glutathione Peroxidase | 1:1,000 Ab22604 Abcam

LC3 1:5,000 PA1-16930 Thermo Fisher
MtTFA 1:5,000 NBP-71648 Novus
PGC-1a 1:10,000 NBP1-04676 Novus

Sirtl 1:2,000 9475 Cell signaling
Sirt2 1:2,000 12650 Cell signaling
Sirt3 1:2,000 5490 Cell signaling
Sirt4 1:250 HPA029691 Sigma

Sirt5 1:2,000 8782 Cell signaling
Sirt6 1:2,000 12486 Cell signaling
Sirt7 1:2,000 5360 Cell signaling
SOD-1 1:5,000 Ab13498 Abcam

SOD-2 1:5,000 Ab13533 Abcam
AC-lysine 1:250 AKL5C1 Santa Cruz
Cleaved caspase-3 1:150 9661 Cell signaling
Tyrosine Hydroxylase 1:300 Mab318 Chemicon
Alexa Fluor® 488 dye 1:400 A11008 Thermo Fisher
Alexa Fluor® 594 dye 1:400 A11005 Thermo Fisher
Alexa Fluor® 633 dye 1:400 A21103 Thermo Fisher
T ¥4 Plasmid

Plasmid % #- Cat. No. K%
pPLAMP1-eGFP (target: lysosome) 16290 Addgene
pMmRFP-LC3 (target: LC3) 21075 Addgene
pmTurquoise2-Mito (target: mitochondria) | 36208 Addgene
pDsRed2-Mito (target: mitochondria) 632421 Clontech
pFlag-hSirtl (h:Human) 1971 Addgene
pFlag-hSirtl H363Y (h:Human) 1972 Addgene
pCruzHA-mSirtl (m:mouse) 10962 Addgene
pCruzHA-mSIrt1(G261A) (m:mouse) 10963 Addgene
pTet-on-Advanced 361069 Clontech
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T

Feud

1
(- ) 0.1% TBST (pH=7.6)
Tris-base NacCl Tween-20
20 mM 136 mM 0.1%
(=) 6Xsample dye (pH 6.8)
4X Tris-HCI/SDS | Glycerol | SDS DTT Bromophenol blue Add
H.O
2 ml 3 ml 1g |0.93ml 1.2 mg to 10
(30%) | (1%) | (0.6M) (0.012%) ml

4X Tris-HCI/SDS: Tris base (0.5 M) in 40 ml H20, Adjust pH to 6.8 with 1N HCI.

Add H20 to 100 ml total volume. Filter solution through a 0.45 um filter, add

0.4 g SDS [0.4% (w/V)],

(= ) Anode buffer |

Tris-base Methanol
300 mM 10 %
(= ) Anode buffer Il
Tris-base Methanol
25 mM 10 %
(Z ) Banking buffer (pH 7.4)
Glycerol MgCl, Tris-HCI
65% 100 mM 25 mM
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(=)

Cathode Buffer

Tris-base Glycine Methanol
25 mM 40 mM, 10 %
(= ) Phosphate buffered saline (PBS) (pH 7.4)
NaCl KCI Na,HPO, KH,PO,4
137 mM 2.7 mM 10 mM 1.8 mM
(~ ) Retineval Buffer (pH=9.5)
Tris-HCI Urea
100 mM 0.5%
(1 )  Running buffer
Glycine Tris-base SDS
192 mM 25 mM 0.1%
(+) SDS-PAGE
Grandient gel | Upper stacking gel
Acrylamide/bis-acrylamide solution
2.237 0.408
40% 37.5:1 (ml)
Grandient gel buffer (ml) 6.368 2.6
TEMED (wl) 8.6 2.4
10% APS () 86 24
Final volume (ml) 8.7 3.03

(+-) TE buffer (pH 8.0)
Tris-HCI EDTA
10 mM 1 mM
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Y-8 &Y

- s A fEH B R vtk SH-SYSY 2 12 &%
AFT Y % SH-SYBY e a7 3 03] 0 F] SH-SYBY 3 4 #idd ipgk s
% (Neuroblastoma)' £ 5 S %4 it 7 2§ = B si = (Dopamine-B
hydroxylase) » ™ & = % ¢ »: (Dopamine) % % = '@ & & (Dopamine
transporter » DAT) % % = 34 &= < (DAergic neurons) =34 (Oyarce and
Fleming, 1991) > #7142 & § S #-r1 SH-SYSY tn¥e T 5 77 5 ta & Jeip 4 s 2 414

‘b (in vitro) #-3] -

SH-SY5Y mr pbp £ WH-:V 3 2 4 & 3 £ (American type culture
collection » ATCC) - #- SH-SY5Y ‘w232 £ > 15cm s £ ¢ » ¥4~ 7 10%
Fetal bovine serum (FBS)~0.5% Non-essential amino acid (NEAA) %2 0.1% i~
4 % Penicillin/Streptomycin (P/S) 2. pH 7.3 Dulbecco's Modified Eagle
Medium/ Nutrient Mixture F-12 (DMEM/F-12) 3% % ;% (Medium) # » & % 3%
5% CO, 37Tt f® BFEE - N EFF- 237 27w L% (sub-
culture) - & 4 5 > &% Medium ~ IX PBS 2 Trypsin 2z » 37°C-kip ) » &7 w
B o H#-SH-SYSY lm¥e f mPe 32 & 440 £ o1 2 SRS wmre Rk 1S
WENEFERESY ALY o F A BE g Medium o B~ 2 %k s > 1% 5ml
IXPBSwash @ =z {& » 4r » 7ml Trypsin e #-im?3x » me 2 % 5 % 3 248
fg o WA x X H Medium v F R g D 50 ml e F ¢ o BT
(1000 rpmfor5minat4C) - &< % =8 > # "f%ﬁm B0 2 bR A1 10 ml
Medium #-‘m* #5718 » B~ 100 pl 2 'w¥e ;% 2 % $ 4 <0 Trypan blue > 353 # 4%
(S E e B BY > F P ER PR ] o F SR ENHBRT (T

e e Pl N LB Y T B4 Rl B 80 fadp
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te2_fArg 1 10% T E w2 S I mimedium @ 2wl p o REP % T o
BT RAR LD 6212249673 %4 & 10cm 2 15em & % % ¢ (¥
* @ R ] 4o: 96wells: 1x10% cells/well » 24 wells: 6x10* cells/well » 12

wells :1x10° cells/well > 6 wells: 4x10° cells/well %) » 121:& {7 {4 FF % o

= EPRJE

(- ) SRT1720: k¥l 8 112 | NG § 7 b chfieid o o Al
#-> k2. SRT1720 12 DMSO fiz & # 20mM 2 2mM 2 #-f % » &k
W20 C k4G o FEITM P HRES I > E B R RRE Ll S F
Tt E 2 BB R R o o] BV B ¢ sk A k2. SRT1720 2 DMSO fie &
= 100 mM z ﬁrﬁ,.’% » T B 3200 Ak Hg B o F BT ) BUVE AR BPE
B IIPBS Mz el 2 FHITT L RKER

(=) Paraquat : # % 2. PQ 12 ddH,O (Double-distilled water) pe % =
IMzZ kR » ¥ 22 g 2080 C/k#EFc P (T i FRES A0 » U &
2 el R P RTE 2 BRK R o k(T BV BpE > Pl PBS -
Z Rl AFHTTZREERR

(=) Sirtinol : #- % % 2_ Sirtinol 2 DMSO fie & = 2 mM S e TR s
F20C kT c §EF e PR EFRJIIF > LB RRELE
TR KT LR ER o

(=) CHX: #4 Az CHX 1 DMSO ¥ & 2 mM 2 fffig » #3c %
20Ck$aHG o FEF e PHRLESF I L UBRRHE2LERE 2 F
SETE BB IER o

() Act.D:#4 %%z Act. D2 DMSO fie = 2mM 2 HriRie » ¥k
W20 C k4 HTg o BT PR B EIEIMF > L UB R R el 2

BT 2L BEER o
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e B2 B R RIS L AT A PrEIA = R 5 A4
3}7%;7 &gt > B % wed 1-3 )5 > L4 PQr 8% 24 /| p*
B e T

- 2 ~ L
= Lz e

PR

1M\

(- ) Neutral red survival assay
*#h 2 F % ¢ * Neutral red assay (3-Amino-7-dimethylamino-2-methyl
phenazine hydrochloride) :i& {7 im? 5% 5 gl £ - 1% Neutral red 441+
f&d Fe 4% (Endocytosis) 2 = Vi » EwPe 2 3 fs 48 (Lysosome) ¢ (Vian
etal., 1995) » * 443t SH-SYBY Mm% & {775~ 2.3 %G o AP % i¢ * 963 4 iE
FRET . 2t 96 HEFEF KA md e @R HRDAE > T
wiew g A * 2 F & v Medium X~ & 96 34 % & ¢k ] (200 pl/well) o -z
(96 wells, 1x10” cellsiwell) 2% & % > @& w2 pbrg 2 B(S > L3 % & 5 F &l
T2 BEE R AR o F 24 Bt B A Rad 100 ul 0 ¥ AE B well 4e
100 pl <1 Neutral Red (100 pg/well) ik s » %063t L2t wmie iz £ 57 >
F 2 | pro2 18 ﬂi—:—ﬁ%ﬁ/,za‘é% 12200 pul 2 1IX PBS jjie— =t {2 4c » Lysis
buffer (49% EtOH - 50% ddH,O 2 2 1% Glacial Acetic Acid) - f1* Shaker
Poik 45 % 393 15 > 1 ELISA Reader % 540 nm 2w % i@ T & 7R € o
(= ) Trypan blue survival assay
#-imrz (6 wells, 4x10° cells/well) *c % & % > & me Pt 2 A (S > L 3 % &
77 APE2ZBEREORE R -BAEPFFE L J1* 500 ul Trypsin #-fwmz 2232
EHAY - Ser TR Medium s T H-wmredir B D 15ml o g P o iF
g~ (1000 rpmforSminat4C) o &g = & fs o HBrpdpay e 2 bR o i
1 ml Medium #-‘w ¥z 374715 > B~ 100 pl 2 ‘wm¥e % 2 % #8844 <0 Trypan blue » 323

FACS B N e B F L E R P R s o S N LR T
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il e P O VL ERP LY P T AR g BFRRS

Yodpdez gfe 2 10% TV w i me Hp o

T~ e AL T 4 # i (Transfection)
*h < F % ¢+ jetPRIME ® DNA/sIRNA transfection reagent 2_ i % 34 »
* 344 SH-SYBY w¥z iE {7 #& 4 plasmid DNA - 1335 7 I crdt 5~ o] > & 4 383

B BT AL f T

Culture vessel | jetPRIME buffer | DNA concentration | jetPRIME reagent

24 well 50 pl 0.5 ug 1l
6 well / 35 mm 200 pl 2 ug 4 pl
100 mm 500 pl 10 ug 20 ul

# SH-SYBY me R RF HZ FfEE I A ot SR 2457 >4 a < (5
P AR T R AE 3044 - % jetPRIME buffer ~ %3 1.5 ml 2 g ¢
P 4o 3t B 45 R84 2 plasmid DNA» 323 R & {8 £ 4 ~ jetPRIME reagent -
BIREE AZRTHFELIOAE - RREF UEFENEI S 2B AR

Pl SRRy S L e Y BT R R F 24 ) FEEREREE

T~ fme FH E_

LAt 0 R B 24305 A FIAmER S (275 1.2cm) 2 (At
e (24 wells, 6x10% cells/well) T 32 %A % o 2 (24 % mre L% > HA 7
¥ 3 ¥ kA FPlasmid o #F 4 EA2 A % 4 {5 > & Medium 52 0 & 4c » 500 pl
11 4% Paraformaldehyde - A %8 T c% 15 4~ 45 5 # 4% Paraformaldehyde

W3 BRA > TR ARG £ & 4~ 500 wwelll 7 7 0.1% Sodium azide
28



FIIXPBS 5 FE o Fkor dgale o r 4AC kB RS -

B R e ATk Y £ FE R B 243440 £ 0 A
SLIA o MR AR R o LT UFHE 2 FELAERFICE R 0 F L R
-]- &5 Mounting media (Aqua poly/Mount) - #-% gt # ehim? & » ;uyi REL ¥
FU* Smgh g e R o 2 bk g Y Wk > A FIR T B dCiE o e AT

Ve
4

Sy S SR
G 123445 ¢ #8 ~ 1X10% celliwell & p 2 > B2 % R E H S 3R BR2L E
Fut AR 0 12 24 ) PFEtS 0 A uA 2R ¥ KL H
(=) MitoSOX: W jplksn %8 ¥ g ¥ i+ = (Mitochondrial Superoxide) »
2 5uM kR > & HBSS medium ® £ % 10 » 45 -
X Dihydroethidium (HE) : wre [ erdz 1 4 (superoxide) -
I0uM E R » 2% 15 4 48 -
(=) Benzoic acid, 2-[3,6-bis(acetyloxy)-2,7-dichloro-9H-xanthen-9-yl]
- 4091-99-0 (DCFDA) : i jplim®e ¢ ciF ¥ {* $ (peroxide) - 2 20
UM kR > 3% 30 248 -
(2 ) Tetramethylrhodamine (TMRE) : w ek ARAT R o 1y
100NM k& > 32 % 10 A 4 o
FRER (S 4% HBSS medium jRie— =t £ 1% § kBB BRF i 4
den¥ kR o AL EA 3 F 0 B P ek SH N=1o A ki
LI T o & B ndpE2-4® B A BH P - 3K % Image J ik 0 AR

SERY 2 9 8103w (T L TR o F 23 BAFH i ToF B ES o B
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”emﬁﬁ:ma‘r‘f B Efs o (Taidmieay LR o

A~ A RFH (Plasmid) 3% 2 #B

A 5% 11* Xpress Plasmid Kit 44 B~fw ¢ 2. 5748 o -5 8 A4 B4 » § 7
0.1%#F 244 22 2mITBdry ¥ » #32 % % 37°C ~ 200 rpm =3 & 45 .5 15-16
PR B ARG REREr §F 0.1% # s 2 200mITBdry ¢ >
T3 & & 37°C ~ 200rpm 3 & 454 15-16 ) pF e ~ E 3 & = (5 0 KRR in »
oo * g g ¢ de (6000xg for 20 min at 4°C) » 20 ~ 4afs 0 2 f ko
e~ 10 ml &0 PX1 buffer » 41 % 4z 3 i 2 iF 184 pellet 2 % > 4 » 10 ml PX2

buffer» s g d LA 2 Flg R HMAFF TR TEET A& -

X £ 0 column s 2 BiEE 2R T 23kl AR 0 1% 20 mIPEQ
buffer ;7% column < I A4 > 4r » 10 ml PX3 buffer » 4z 4z j 6 % B igis -

BTHET A4 I Asis4s (15000xg for 20min at 4C) © &+ Fi e

F_&
ik

% ¢hig) » column ¥ -DNA ¢ F & column = fliter F - £ e » 10 ml PEQ buffer »
% R RN = 150 4o~ 10 mI PWAbuffer » iR RliF = 15 > 3T 2 Brfi i g &
i

wF @ 4o x 7.5 mlisopropanol  # &k 15 T A ETHEEA Ao FE R4

A
F_k

g g g o & ocolumn ¢ 4e ~ 10 ml PEL buffer » 7% 88iF =t »

by

2 3~ (20000xg for 30 min at 4°C) » o = =18 » HFH-F gk o £ 4 x 5ml
Ethanol- v 3+ #-k=:# chisopropanol =™ ko % 2 {5 £ 3 &« (20000xg for 10
min at RT) » o = =8 » #-13 ,,z,g—xéf » IR FET R gz 0 £ 4~ 400-500 pl
1 TE buffer » #-pellet ;3 > TE buffer 2 » #-2 # 3 1.5 ml g ¢ @ » 2 »-20
Crkfa s o T B2 ul eng > 1% AZ8cE ¥ s T8 % 3 & (NanoDrop):#| = DNA

kR -
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1~ Ff%F (Banking)
Bl B &K1 #%500 pl e 4 » 3 500 pl = j* < Banking buffer

PR &3 (8 2~ -80C ki iRT o

14+ Caspase-3 & {Lipli

~ 9 2%t * Caspase-3 Fluorometric Assay Kit % :& {7 § 2% 4 #7  #%-50 ug
chj-o 2 50 pl 92X Reaction buffer (z 10 mM DTT stock) /& & {5 4c » 5l
DEVD-AFC substrate » % 37 C%45 % 2 4% 90 445 > % ¥ L pl& » g

% 2# (excitation) 400 nm & 3¢ &4k 2% (emission) 505 nm Jp| 7 2

L - -~ #38LE+ (Western Blot)

(=) ¥ F %3 (Protein lysis)

FPmie ¥ ehden Fa o 3 ABE A 2 IXPBS 2 kg o B miE )i

A8 HoSH-SYBY fmre g B A F e A AL B K R Y £
2 g ok o FE-medium fc 2 50 mlgre g ¢ o 1 10ml 2 IXPBS
PR A X A ) R T - B E 2 50mldre E Y o B F D
Pk ke A ok w3 A gL F 18 i s (1000 rpm
forGminat4C) - #is o R ¢ et iR 0 A B3 2 medium ik
§oE o pirs g P 4o r 10mIIXPBS #2338 5 (5 > £ #-dz 3¢ (1000 rpm for
5minat4C) - d~x =1 1% 1 ml1X PBS #-w% pellet # 2 1.5 ml g
# ¢ o iz grs (1000 rpm for 5 min at 4°C) - “f%&»? LA SR

TE B-wre 45 2 -80C kP #iF oo

#- 200~400 pl Pro-prep (ALim®e fic® @ ) ~ 2 ul 3: iz Bk 30 pefrd)H
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(PMSF) % 8 ul 3-v gs#r+4]# (50x protease inhibitor cocktail) 4c » %73 2. ‘m ¥z
PR REsAE A RTE (Sonicator) R v RS M2 e o B bR i

35 FRE

(=) ¥9¢ F=E (Protein quantification)

s it * BCA protein assay kit it 5 €& > 3% - § & kR YR FHE
20 pg/ml aloumin z #5530 » &~ fEHFR R R o ¥ BRI SR R 2 FRl
v f 4 W[ B~ 5l 2z i 4t 96 34 5 12 0 #-Protein Assay Reagent A ¥¢ Protein Assay
Reagent S 12 50:1 &t bR {eda ] » £ & BItd P &4 r 25l 208 &% > 3
%3331 > £ &4 » 200 pl 2. Protein Assay Reagent B> *t 3 8 & i 10 »

& {4 > 1* ELISAreader > f 740 nm 2wk & T & (7R £ o

(z2) #&Ep#® (Sample preparation)
Fd FREARWPI =S 38 D25 ng 39 FiR&EATE 2 WA 4 > 6X sample
dye > i % Pro-prep 3 B X A 8 fk - 393 R £ 18 » B A K P S5 o ks o

R0 AR - BAMHEE - By ARG TE AT RFSEE %

(=) 4% (Gel preparation)

1 ddHLO R iREES 2 R B I PR R L RS A 4R
BREERRE -1 ddHO & Uit R B L E 5 PR RE > FRER
Foo WF KR A D50 T A g MR FRR ’Fi“f FoE o3tk £+ fe ¥ Grandient
gel > &R 312> B¢ 4~ ¥ 7.5 ml 2 Grandient gel ;& &% » T f|*
2-butanol i& 7 B %> % > 37 C IR $80 & F 5 30 4 45 % 4852 5% 15 # 2-butanol

30 5 v ddHaO B 0 FIT IRICHR 3RS R EE < e s 3 ml
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z 11§ ¥ enUpper stackinggel R &% > B ST AR AT F 28 AT

E]

CHPE

Y

ENITCIHEEH  EFH30448  FHMR 2REE > TP B4

() L= RAmpeRp Yar=E% T A (sodium dodecyl
sulfate polyacrylamide gel electrophoresis » SDS-PAGE)
SN EN Tl L E SIS S L L ER) i S "f IR e 0 KR
@ AH (Running Tank) * - g ~ 1X Running buffer T # & (¥ 4 » 7k i%
EHAMA) BRI FRELBMIY > T h oA @ Fd s
# &35 (Protein marker) » 3% T V=50 ¢ -9 # - 42## 5| Upper stacking gel

2 Grandient gel 2 @ &% » ¥k T V=100 > & F-v F4vid » 4 o

(=) ## (Transfer)

FRY P A HILBEE MBI EY ENOREETREF AL
2z » Cathode Buffer » % *t shaker + > 12 75rpm #-4% 10 £ 45 o B~ 398 &
%% 0.5 =~ 2. PVDF membrane 2 = % 3 MM filter paper- #-PVDF membrane
2z ¥ *t methanol ® 3 % X 15 #) > & PVDF membrane & it & - #- % 4
methanol =4 » £ # PVDF membrane # % ddH,O # - i ¥ ** Shaker * -
Y275 rpm sk 2 4 &8k = = {8 0 #-PVDF membrane = ~ anode buffer Il ¢ >
¥ »* shaker } » 12 75 rpm 3 % #ic» 48 - #-filter paper # # & = 2 ;% ~ Cathode
Buffer -~ = %% > anode buffer | 2 - %/ > anode buffer Il # » ?X{5 % **
shaker F > 12 75 rpm 3 & #cs 480 4L 3258 2 47 ), (Trans-blot SD semi-dry
transfer cell) §1* ddH,O f iF#ipiciE 8 » 2t & fpt 3 ¥ ZE anode
buffer | z_ filter paper > £ &+ - 3 %>t anode buffer Il z_ filter paper » & #-

PVDF membrane &+ > 2Rs 8 F 948> & s > &+ = 7 & E> Cathode Buffer
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z_ filter paper - fptiEfz? > Ffp - B o W RHREF eARd ) MW LE
FA AP EOT B ARG HARR I X 4 eh N E s g R
W4Tk Y TRERE - £ 2 PVDF membrane 2. & # (24 9% 1 2

HEH L T X 2 5F 590 A4 o

(=) &#F B (Immunoblotting)

# % =+ (5> # PVDF membrane B> 4% marker éhi= ¥ B2 fif
BB R R R Fa S+ B2 2% 0 %% 1X TBST buffer # » % ¢
shaker + » 75 rpm#E &k 5~ T EHF =K o FEHALCHTTHRZALEF R
€7 LE - PR S & o AT R S 59 PVDF membrane %t 3 3% BSA &
&_5% Skim Milk 2. 1X TBST buffer ¢ - % > shaker } > 12 45 rpm # % -

| B E MO RO AR — | P 18 - PVDF membrane P 1o i3t 1IX TBST
buffer # » % 3~ Shaker } » 2 75 rpm % & 5 4 45 & 4§ = = - #¥-PVDF membrane
Bt mZn i3 v e bRy B Mg Ea- Rz 0.1% Sodium azide
2. IXTBST buffer ¥ » $+%5t8 » 22 & » 4°C k4847 Shaker *+ » 12 50 rpm #% &
I H® (% 16-18 /] ) - # PVDF membrane P {3 » ;2% 1X TBST buffer
® 5 %> Shaker } > 2 75 rpm & 5 A 4T £ 45 = & o % PVDF membrane

77 2 stz IXTBST buffer ¢ » ¥ ** Shaker > 14 45rpm 4 & -

Wi

Bl PFem - it PR - Rtz KhEH - - i % PVDF
membrane B~ > %3t 1X TBST buffer ¥ » ¥ »* Shaker * > 12 75 rpm #

LAY '_é‘_i?ﬂ:—k s wEIEFTH G o

(~) =ik (Visualization)
F= sl 2% HRP (Horseradish peroxidase) - % i HRP # & ECL %

£ A4 4 %2 BT % PVDF membrane ;&% 4 % g &% enhanced

=
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chemiluminescence (ECL)*® - # % ¥ 75 §{s > # PVDF membrane 2z ¥ *t &
@ (Hypercassette) ¥ > R F %> Ak P ™ ¢ 2y K7 ’%ﬁfsi B B m RS

R FRER K> 2 (3T ATk B 1S R EEREA T -

4 - v @£ mkZ (Immunoprecipitation » IP)

Blmre N nded FEBT R R P 300pug kv FI 15mIgE g E P
fv ~ i B 448 0 T % pro-prep AF A8 I 500 ul o ¥ 3t 3D E 0 f1* 40rpm
B ACK$? 23 R (9 15-18 /] pF) > £ 4 » 50 ul =7 protein G beads -
T4 3D I E > & 4ACrk4a? g 2 ) BF (40 rpm) o £ R-ds F g TR
o pERTR g B Al a BB E e B dl b FiR 0 £ 4o~ 500 Wl X PBS
R FaE kS w gk £ B0 IXPBS 4t £ 47 = =t o4 ~ 60 ul 1X sample
dye » B A2 kv ot 5 Akl LM FRE NEAL 0 B X

sampledye » B30 ul &7d * B 5=

£

~ REP P T AR

U

(-) =&

AF B e * 0 COTBLIG /) Bphp B 7F &bodr P s o TG AGTIICH
PO RFEF L b iR B RRF PR L 12 ek R
BRI b 2242°C o Ap$HEOR B i 50210% 3 S L RAR R 2 A s X

WEF LS TER o ] RenE# X 18-22 3% 0 48 £ 4 3 35-50g 2 FF o

(=) E#iRI# (Rotarod test)
ERRIGE A B ORI E S B8 B PRI A 4 2 SN & ehal o 2 iR 3%
HOZEAMRFHRFP Y AEHEDTFRBRRRY OBREFTRFY L
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FH PR o FEHRRBH SR > KR URKB AT A4 410 rpm 4eiE

I 28rpm> I ieds | BURUR R P AR chpE R ok -k B G

TR A FRPIE AFHREF VR EA X U X kBT IaE T

£30):8 1 e gl S

¥ &

IR ERRIGR DA IRE o

(=) W*if#% (Beam walk test)

B LR BERHREL DT R 2 EhRAn s cARHRRY p WUh

&J*\?}% HERXH100cm: F91lcm: £ 2078 » * 4

farm AAEBRAEET S H R 6 i o Rl ik R S P b A AR L

LA B E 2

@#4@%mnﬁ,ﬂéiﬂ,ﬂ 38 ”'L'r'i‘taﬁf PER R A (TAEARY B {8 ’ﬁ’/" =X
Bo AP HDEFFPRE- I o0 TPEA T A 2 THIEL - X L RE

LRIEEA & o

(= ) R B%k&3 (Experimental design)

PR ARAT B TR o AR B EEF A WE DY - 2% PQ (10

=g

mg/kg) (Huang et al.,, 2016) 2 PBS: > &#iteh% - = ~ %= X ~ 57 X %3

SRT1720 (0.1 mg/kg » 1 mg/kg) - PQ+SRT1720 e 5| ¢ %54 SRT1720 > -
SR PQ o 7 3 RIRINA 0 N E e ® 2 X e A RS 0 10

FHETAREME T FRPALEFFIRBE AT EF T LT G

SENCERS S L FIEE
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Week 1

= PQ
SRT1720 SRT1720 SRT1720 SRT1720 Week 2~6

I I I I / I

| | | | 7/ >

Day 1 Day 3 Day 5 Day7 Last day
Beam walk =Day1 Rotarod
test test
Concentration:
PQ: 10 mg/kg
SRT1720: 0.1 mg/kg
1mg/ke

Lw ~ ] &g (Perfusion)

LREILE R T BLA MG SNC BB 0 T R BURRRG 1S B B o
X -] BL% #-48 & {5 > jL 54 Chlorohydrate (40 mg/kg) » & BURrfS = & (8 > #
JRFRINER LY R R B B2 PR SRR I
BRI BT Lo as PBS AU AL S TH - B F 0 # i
Romd s TEFHT A4 @ PBS #) BBP o pikE o ARG T RER) R

N R L FalRARERL LK PBS B 43 4% Para

L

formaldehyde » # 4§ 7 4 4 - ¥ & BETREL O RETRET 0l & 4%

Paraformaldehyde 3% ¢ > 22 48 /] pF{s £ #-BPg % # 3 7 30% sucrose =

e

I

AP > 7 30% sucrose H-E AR R AR 4 0 k(T R EUHAUT ok g

-

FoPRAFEE- DA D) o TV MBI > B Bz TE R

Sy

»-80°Crk a1z o

LI~ LR

Bebphr PSS TR 1T R AR A-22C MR RB P o BEUNE-80C
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FaBedy s £% 2k e A (OCT) #RUGH R AL £ 2fihs 51 FHE

o TFHL AT > F% 20um e K7 7 oo LR PBS Y ik

Lty AR ERCERXIE (Immunohistochemistry » IHC)
#-EURger B _PBS Brd) o T2z § 4t 7 Retrieval buffer en6 3t 4% ¢ > A 95
CThkisth? 2410448 LH6THENT 20403 38 « BEG> 1 #
I RTeN6 LY (A7 REParaflim i s 4 ) o4 » 30 pl 7 2% Triton-100 >
0.02% BSA > 10% Goat serum > 0.02% Sodium azide 771X PBS *# - ** 4Ck
P B & - fl* 1IXPBSwash = == (45 rpm for 5 min at RT) » £ #-%5*>
F243 30 ul 7z 0.25% Triton-100 > 0.02% BSA > 10% Goat serum » 0.02%
Sodium azide 71X PBS ¥ » i 4c » — Bdadll o2z ¥ 4Ck#Y 24 TR (9
15-18 /] pF) o [§ p #-Bl % B B~ > 41 * 0.1% PBST wash = =& (45 rpm for 5
min at RT) » £ & &% $ 3 3 30 ul 7 0.3% Triton-100 » 1% BSA > 0.04%
Sodium azide 71X PBS ¥ > T 4v » = ikl 0 3 4C k¢ 2R 90 » 48 (7
WEST RIS YT ARWERERT 2 A) £ 4 r 0.1%DAPL 3 & 10 A 4818 o
2 0.1% PBST wash = =t (45 rpm for 5 min at RT) » ¥ 3-8 g% 3 Bk &
#RiMAS % & (MAS-coating) =g 2+ > ESE S AT KS I O I = o)
mounting media (Aqua poly/Mount) - #-F 3 * £+ - 4] % w5 e B o

WAL FEPWR S AFETRICE s 4CkEFET o

Lo~ Bt sr
Ah~ F %I T EHE R T (meantSEM) k£ 7 o F Sk#ich;y ¥
1 S|gma‘P|Ot 10.0 @-f’? E]Z:}‘\ @l iT o ’/‘ < 5&;@;;}7‘%\7 ﬁfb‘?‘—'—"v E 1 One Way

ANOVA 4= Dunnett’s test =t #_Two way ANOVA 12 2 £ 47 p| £ f- Tukey test st
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PR R AT B e AT A1 2 R S ficd 41 p<0.05:**:p<0.01; #:p<0.05 ;
#it 1 p<0.01; $$: p<0.01 khiz i s & %3 L &2 5 - #cdp ¥ # * GraphPad

Prism 5.0 :& {7 %L3t & 47 -
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- % PQ #3t SH-SY5Y Mm% thjm?e 13 73

= oL
=5

"EF PQ RJTk R s 4 et T3 S

g Kli’ L5 Ti (ng 170 = 4377, p<001)
§ PQAJILIER T 0.1 mM P enin® 578 5 Ap o gl i it T3 2 B £

(tD=6.98, p<0.01 by Dunnett's t-test) » PQ Jk & 3 4t 2 3 MM PF cnlm#2 15 7% 5 4p
S e IR R

22.9% (tD=37.5, p<0.01 by Dunnett's t-test) (Bl- (A)) - & ¥
PQ &2 chps [ chdf 4o > b 5 5 € W2

£ (F 4 290=53.20, p<0.01) > ¥ PQ
| B ehim e 55 F AR RO G e Wid B

2% 8 B

#:-87% 2 £ B (tD=4.555,
p<0.01 by Dunnett's t-test) » PQ 3 % 24 & -] pF tnim e 35 % F Ap AT 4 e

=

7|
Jeitap ¥z £ B (tD=13.33, p<0.01 by Dunnett's t-test) (B - (B))

PQ #*t SH-SYSY fm®e 4 % 142 2 ¥ i pF iF BL2 F %> PQ &2 3h + %
& #i‘» % 2lh pFofmie 3 5 5 AP I e sE

P2 ¥ LR (F4,157
=712.3 p<0.01) (tD=3.398, p<0.01 by Dunnett's t-test) - * % ¥ PQ /&2 p* ¥ 3§

SRBEINC L LT < (- (C) -

x—'f =

+ PQ 300 uM 32 & 24 | pF2_ = w4t SH-SYBY w2 5 & i L ek 5
(Median Lethal Dose, LDsg) > #7124 {$ 4 F 2 #-12 300 UM 35 % 24 /| P& ek &
i PQ 4 ek .

Jhea

“é
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C SRT1720 # mJ2$43t PQ #rig & SH-SYS5Y jm% 3 i &

g 4

‘e H A2 PQ 300 uM s ] g iE F AR RNl TR P A F LR
(Fo, 9s = 63.72, tD=17.92, p<0.01 by Dunnett's t-test) - g &3 0.1 uM 2z
SRT1720 £ 4t » PQ 300 uM e 5] » 4p 3+ 8 4c » PQ 300 uM chin®] » ‘m¥e
FiE % 2 (tD=6.986, p<0.01 by Dunnett's t-test) » * # SRT1720 1 uM pFix
|5+ 7 2k & (tD=9.040, p<0.01 by Dunnett's t-test) - @ % SRT1720 3
uM 2 BB > dmfe s F g4l e BF T % (tD=7.142, p<0.01 by Dunnett's
t-test) » ¥ SRT1720 3 uM + PQ 300 uM ‘sz # & 4x » PQ 300 uM shie | § &
¥ + 2 (tD=3.443, p<0.01 by Dunnett's t-test) » iz 4p # >t SRT1720 1 uM 2_ %=

6] > SH-SYBY lm* chim® 5 & & § T % chfa) (B2 ) o

44+ SRT1720 1 uM 2 % 5§43 SH-SY5Y fme 5 7% & i 3 2 4 e X &

P10 18 R Bk 11 SRT1720 1 uM 2 4% 5 i 5 SRT1720 # 4+ i3 gl % o

¥z & SRT1720 % 2§13 PQ #7i¢ & 2. SH-SYBY iwm%%
caspase-3 iE % 1 Bl 2

SRT1720 # 2 43t PQ #7i & caspase-3 Fen® it L A ¥z £ 8
(F3, 32= 13.18) - PQ /e Caspase-3 & {Hipi>t it kg ¥ + 2 (tD=5.336,

p<0.01 by Dunnett's t-test) » SRT1720+PQ = #7 i ;p| ¥| :-» Caspase-3 i& |4 4p

» PQ ek ¥ T ' (tD=3.459, p<0.01 by Dunnett's t-test) (B =) -
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Yo & SRT1720 # AJE 3 PQ #i$ & 2 SH-SY5Y im ¥ the
MWL EL

195 Ahmad #2013 # a7 4R 317 5 Sl S ) i 2] 9renth o > e sl
Rirdled R 94 ek 5k (Tubular) » 2 ¥rP s et @&k G - PQ &
F AU B R R R 0 B B Ral R SR & o aRlEkRk (Blob) (# 8 &) -
SRT1720 ‘e 4l & 7 977 chk ks (Tubular) - 2 e S48 a0 £ 4p >t
il b ot SRT1720+PQ ‘e » 7 L SRAEE B e 2 § LA 12 % < chlf] B

;& (Donut-like) (4 7 &) (Bl )

I & SRT1720 # pIZ 3 PQ #7ig & 2. SH-SYBY m¥e e

4§ (Reactive Oxygen Species » ROS) # = 2_ g5

SRT1720 # g2 $4> PQ #7ig & HE ¥ 5% R &3 ¥ P2 £ 8 (F3us=
27.34) - PQ ‘e i ip) 3] e HE 4 k55 B 4 fdy 4] e & ¥ 3 4 (tD=8.144, p<0.01
by Dunnett's t-test) - SRT1720+PQ ‘= 4p #3454 w kg ¥ + 2 (tD=2.96, p<0.05
by Dunnett's t-test) o SRT1720+PQ ‘e 4pfit PQ =& ¥ * ' (tD=5.235,

p<0.01 by Dunnett's t-test) (BT ) °

DCFDA
SRT1720 # je g2 443+ PQ “7ig % DCFDA ¥ X5 & & 5 ¥ 22 £ B (Fs,

100 = 3.715) « PQ ‘e 1 | 3] - DCFDA § £ 53 /& 4p 30 474 S Ag % 3 4c

(tD=2.97, p<0.05 by Dunnett's t-test) - SRT1720+PQ ‘e p > PQ A E kg %

AR e TR SABE(R ) o
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MitoSOX

SRT1720 # A2 44t PQ “7i + DCFDA ¥ X 3% R £ 4 B F 2 £ 8 (Fa
=30.53) -PQ ‘& # i B3] 7 MitoSOX % % % & &8 ¥ # 4. (1D=8.412, p<0.01 by
Dunnett's t-test) » SRT1720+PQ ‘e 4p #3341 2 97 8 B 1] e MitoSOX ¥ & 2 B
¥+ 2 (tD=6.578, p<0.01 by Dunnett's t-test) - SRT1720+PQ ‘e 4p #3t PQ

B SR P FTMItoOSOX § X 2R B A S F LR > £ 3 T % g o (B ) -

A SRT1720 # mJ2$43t PQ #7ig & 2. SH-SYBY *© iy

WR R L B

SRT1720 7 EJ2 $t3t PQ i # TMRE ¥ %53 B 2 § A ¥ 2 £ B (F3 102
= 22.30) - PQ = p|Feh TMRE §¥ k2B fplirdles g FH2 L8 -
SRT1720 e #r R Pl X R BRApOT 4122 PQ 24 Bk ¥ L £ (convs.
SRT1720:tD=4.001, p<0.01;PQ v.s. SRT1720:tD=4.454, p<0.01 by Dunnett's
t-test) - SRT1720+PQ & p v ¥4l 2 PQ 2y E k¥ £ £ (con vs.
SRT1720+PQ : tD=6.63, p<0.01: PQ v.s. SRT1720+PQ : tD=6.6973, p<0.01 by

Dunnett's t-test) (B ~) e

EI Sirtl #r 4] & Sirtinol # AT 3 PQ #7i & 2
Sirtinol £ AJ 1, 3, 10 uM =k B 2 T $43t e chig & S AR e bl ey &

BE P 47 F kR e Sirtinol + PQ 300 uM % %] > jp#t PQ 300 puM & %
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AEFE > & Sirtinol 30 pM 2 E R § i S w5 R 2 T o TP RO A i
¥ A3 (Fog = 123.0, tD=6.401, p<0.01 by Dunnett's t-test) (B4 (A)) - %
Sirtinol 10 uM + SRT1720 1 uM + PQ 300 uM shjie ] » H fm#2 3 5 F 4 3

SRT1720 1 uM + PQ 300 uM ‘.%] » im% % & 5 § Bf ¥ 0™ % (Fs, 45 = 94.20,

tD=6.951, p<0.01 by Dunnett's t-test) (Bl 14 (B)) °

& Sirtl #& 4 18 9 I SRT1720 $3t PQ #rig £ SH-SY5Y

v

L
L LR g 2

SH-SY5Y & % hSirtl » mSirtl ~ mSirtl-mutant {¢ > Sirtl 39 5 7z & 3 4¢
(B-+) -PQ ‘=i 4 hSirtl 4p#>t Tet-on Adv ‘w2 5= F &% + 2 (F11,94 =
102.8, tD= 15.79, p<0.01 by Dunnett's t-test) - SRT1720+PQ = > hSirtl 4p fix>*

Tet-on Adv ‘% 3 7% 5+ 2 (tD= 6.395, p<0.01 by Dunnett's t-test) (B - (C)) -

¥4 &  SRT1720 % A2 #+t PQ #7id & Sirtuin 30 F2 H 45

Sirtuin & 8-y 7 £c® 5 0 T st (B - (A) -

PQ 2 pF B en% e 1 2 SRT1720 %0 e d2 443 PQ #7ig = Sirtl 39 F £ R
FEFBFH2 L8 (Fs50=2.6070) ° Sirtl 3-v %% PQ AL Hph 5 4c » 2
PERE2Z "M 7 ¥ 4 PQ24h E 3|4 ¥ £ £ (tD=3.044, p<0.05 by Dunnett's
t-test) - SRT1720 24h = p 4] Sirtl -0 F4mE ¥ A+ = - SRT1720
+PQ 24h = Sirtl 36 T4 R EApFESPQ24h e K2 F LR > 2 f + 2 ih

A3 (B - (B) -
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PQ 2 pF B e e 11 2 SRT1720 % ed2 443+ PQ #73¢ =& Sirt2 3o 5 4 R

PaMFH2Z LE -PQ3h & Sir2 3o FAME 2 - PQBh PFE 427 14> &

PQ 24h p¥ Sint2 F-v 5 £ & & 7[& X - SRT1720 24h 2 Sirt2 v 7 £

R e
AERFALR > LG A A g o

¢

e kb o SRT1720+PQ 24h ‘e Sirt2 3-v 7 £ 4p >t PQ 24h ‘s

PQ AJLR ¥ ch% 14 2 SRT1720 % AUZ 44>t PQ #i & Sin3 30 1 % 7
PABFE2Z LS -Sin3 v i RE & PQ 8h it 7l& 4 - SRT1720 24h ‘&

Sirnt3 3-v z £ A+ A o SRT1720+PQ 24h & Sirt3 3-v 7 £ #p#>t PQ 24h

PQ AJE Y ch% o 12 2 SRT1720 % AJZ 443t PQ #rid & Sirtd 3¢ F 4
PANFE2Z AR -Sind 7 & PQ3h FAIRE fpid] et 2 - PQ 8h Sirtd
0 FAREB 4N ¥ 4 PQ 24h PF Sin2 v chA M E G FlAkiL o
SRT1720 24h & > Sirtd v 7 £ % & + 2 o« SRT1720+PQ 24h ‘& > Sirt4 -

sREALE (B - (B)-

PQ AJEZPF e o 12 & SRT1720 % AJL 443+ PQ #7i & Sirts 3% F 4
PESHER2 LB (Fs6=4.599)¢Sirt5 v h4 RE & PQ8h pripiirdl e
T k¥ £ B (tD= 3.502, p<0.05 by Dunnett's t-test) > PQ 24 i 3| & i<
(tD=4.158, p<0.05 by Dunnett's t-test) - SRT1720 24h ‘e fp >4 2 Sirts 3~
v 5 &% & 2 o SRT1720+PQ 24h ‘= Sirt5 3-v 7 £ 4n >t PQ 24h e & i

B L3 (ID=1.05) i3 = g% (R - (F)) -

PQ AJEZPF [ ch% o 12 & SRT1720 % AJZ 443 PQ #7i & Sirt6 3% F 4
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EEFRFH2Z LR (Fse=4.794)-Sirnt6 v ch& ME & PQ 24 /| pr e u|id
FlE M« SRT1720 24h ‘e fp >t 4] 2 Sirté 3~v 2 £ ¥ & + 2 - SRT1720+PQ
24hSirt6 #-v 7 £ a3t PQ 24h e kg ¥ + 2 (tD=4.117, p<0.05 by Dunnett's

t-test) (- - (G)) -

PQ AJZpF fF c% e 12 2 SRT1720 % A2 $3t PQ #7i¢ & Sirt6 34 7 4
BEFHFH2Z LE (Fs6=4.004)Sin7 3= h ME & PQ 24h 1404k 4p
L Pl B (tD= 3.592, p<0.05 by Dunnett's t-test) - SRT1720 24h ‘e 4p #iz
Ayl Sin7 36 7 £ £ A+ 2 o SRT1720+PQ 24h = Sirtl 3+ 7 £ a3t

PQ24h st A EEF LR » &} 2 il (FL - (H)) -

% L & CHX (Cycloheximide) %2 Act. D (Actinomycin D)%

{5 > SRT1720 ¥ PQ #7118 & SH-SYBY Mm% 13 7% & et 3

CHX & g2 % kR ¥ N e enF i F RN i dl e g 33t L 8 (Fy,
96 =87.62) < # ik & e CHX + PQ 300 uM % % %] 4p 2>+ PQ 300 uM ‘& ¥ & 4
A3 (BL=(A) - 7 kARG CHX + SRTL720 + PQ # ‘w%e 75 & & 4p gt
PQ300uM %X E kg ¥ % B (F 11,96 = 34.84, tD=5.360 ~5.408 ~ 6.030 - 6.785,
p<0.01 by Dunnett's t-test) - = 7 ik &« CHX + SRT1720 + PQ - #2 SRT1720

tPQEefgni 13 (B - (B)-

Act. D A A2 7 kR wie s B FpEotirdler g s34 8 (F
11,06 =140.6) > 7 F )k & v Act. D + PQ 300 uM % ‘= %) 4p 2> PQ 300 uM &
E AR 2 Act. D A&JZ 0.3 nNM ek B 2. T 3 e is S F AR RSN 4

23 BFT ' (Fun = 140.6 > tD=4.137, p<0.01 by Dunnett's t-test) » #7127
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Fr 9%~ T (B =(A)° # BikAhAct. D+ SRT1720 + PQ H ‘m*z
T,:f- 'é- 5 #Bﬁ"ﬁ—y\ PQ 300 MM ‘p ‘;"J ; m”g-' ,‘,. ,—‘ & [y f’k”ﬁ e‘t«.‘g %‘_} = (ng 80 — 7439, tD=
5.098 ~ 4.608 ~ 6.464, p<0.01 by Dunnett's t-test) - * % kA& 1 Act. D +

SRT1720 + PQ » #* SRT1720 +PQ 2. & %3+ £ B (Bl+ = (B)) -

%+ - & SRT1720 % &J2 3 PQ #1i¢ & PGC-la 2. # 58

EEPQ ASLPER b2 PGC-lads FiBs M2 MR L AEHFTLE -
SRT172025h # SRT1720+PQ 24h e ip$tir#l e & PQ24h w4 g 1 8 (W

+ 2 (A)&(B)) -

PQ 2™ ¢ PGC-1a ¢ figit #42& T ' » SRT1720+PQ & 4pi PQ 2 fig

tRRERYR(E+T)-

% L= & SRT1720 % &d2#3 PQ #7i8 & mtTFA 2_ 2 58

PQ3h = mtTFA 3-v ch& & + 2 » e 3] PQ8h pF ¥ 4% ™ T & PQ 24h
PFMITFA 39 ecnZ B E 7|1 (Fs 6= 7.927) - SRT1720 24h % > mtTFA 3
vz eI AL A SRT1720+4PQ 24h & > mtTFA v 7 & fp#>t PQ 24h

w4 w PQ3h s PQ24h ipit » 3 F LB (1D=4.024, p<0.05 by

Dunnett's t-test) (B -+ = (B)) -
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% L= & SRT1720 % g2t PQ #7i¢ &% SOD1 2 SOD2 2 # 58

PQ3h p¥ SOD1 3-v £ + < > PQ8h ~ PQ24h & SOD1 3-v # E ™
"% o SRT1720 24h e 4pfifr 4] SOD1 -6 4 2 T % » * SRT1720+PQ 24h
SOD1 -4 2 B Apfdr e ¥ % (Fs o= 7.197, tD=4.065, p<0.05 by

Dunnett's t-test) (Bl -+ = (B)) °

PQ 3h p¥ SOD2 3-v 4 £ + < » @ PQ 8h - PQ24h f& SOD2 3-+ # ¥
< % o SRT1720 24h ‘e 4p gz 412 SOD2 39 2 RE L LR (Fs 6= 3.601) -
e & SRT1720+PQ 24h = » SOD2 3% 5 ¥4p#e>t PQ 24h ‘st A Z k¥ £ B
(tD=0.8423) » e % + < % - PQ 3h 282 PQ 24h mjpit > EAF L B

(tD=3.592, p<0.05 by Dunnett's t-test) (& -+ = (C))

¥ 1w & SRT1720 % 23 PQ #7i3 & SH-SYBY Mm% chp v

€1 g

W\

¥

 PQ & AR Lampl & LC3 fwmre® iz i 5 & el % o
SRT+PQ Bmm”a’#\ FIOAm g (BlLN) o fl* a3 B2 ks oifs
LC3-1 2 LC3-ll 35 % # £ 245 (B4 1 (A)) - PQ 24h ¥ LC3-Il chg-n i 4
B &= SRT1720+PQ eap it PQ & LC3-Il ey 4 ME ™ X (B~ 4

(B)) -
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%17 & Chloroquine(CQ) # &2 ¥*t PQ #rig &8 2. SH-SY5Y

dn e him e 3 i K

CQ # AJZ 3t PQ #id & 2. SH-SYSY ‘m% tnim® 58 F B P8 4 F2
A3 F(9,26)=1324 - g ¥ CQ Tk & H 4 > A FTH g2 PQ 22 A ¥ |2
z_ # 8 (tD=11.31, 14.28, 7.088, p<0.01 by Dunnett's t-test) - ¥ &32 CQ 100
UM w3t SH-SYBY e 7 £ 3 & & (tD=18.23, p<0.01 by Dunnett's t-test) -

SIS RIS R

ﬂl‘(

£ 12§ ) ReEat st PQ+SRT1720 #+t 3 i@ 2

Rotarod 7 & ip[3# > i & PQ (10 mg/kg) | HApgct e i § gt o
pF R e > SRT1720 (0.1 mg/kg) + PQ %2 SRT1720 (1 mg/kg) + PQ &)

80 g LR PP f O PQ i) RpE (FZ L) -

T ek sk o) B A (7 ApE R 1 284 SRT1720 (0.1 mglkg) + PQ ‘.2
PQ 22 SRT1720 (1 mg/kg) + PQ | Bipde PQ il § {7 4 pF R chifie
(B= + = (A)> 2 | B s 5% = el 2+ £ 3b 2 & % (F 3,36 =8.028)
#¢ > W6 PQ 10 mg/kg ¥2 W1 f=4/ e tpt kg% + 2 (tD=6.149) > W6 PQ 10
mg/kg &2 W6 4] e 4p 2t B % + 2 (tD=11.59) W6 SRT1720 (0.1 mg/kg) + PQ
‘e 22 W6 PQ 10 mg/kg 4p +* & ¥ + < (tD=5.703)> W6 SRT1720 (1 mg/kg) + PQ
2t W6 PQ10mg/kg 4p v &g % + 2 (tD=6.62) (Bl= L - (B)) e ¥ ¢t » &> ¥ FF

] R E TR An (B +2)e
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L& ) RWpids SRT1I720 &2 PQ #3 2 F & % ¥
(Substantia nigra pars compacta * SNc) ¥ & & p& 23 i fis

(Tyrosine hydroxylase » TH) 7 & 2 82 58

PQ 1 SNc % TH 5 £ + /5% 4 - SRT1720 (0.1 mg/kg) + PQ 2% PQ

k2% SRT1720 (1 mg/kg) + PQ & TH 7 £ 408> PQ 25 w4 chfia) (Bl =

)o

L

Jir
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AT 0P i 0 fE2 SRTI720 2% fc f3 v PQ & T 73 =8 eropd (S lwmie 4
oo 4o TP HEFLIE P8R LA e LS LRSI ARG B

[P 45 _\
m/r}% > }\4 o

FRRAE - # a2 ROS 4 &
EN R AREBE TS PQ T ¥ £ 2t g < gk Fl2 - (Tanner et
al., 2011) - £ # PQ #>t4 5 k st b 5 12l ehip T (Castello et al., 2007) - PQ
FTEPRANFFFT BB AREY T PQ € ¥ palT @
vf48 7 Complex | (Moretto and Colosio, 2013) % 7 PQ #> kst cnig 2 -
WPg & 87 3 chdit > PQ ¢ i S R SUH end] BE R %= Xk (Ble) -+ {
$37 ROS 4 Eend & (I -Fl-)ew A g4 d 4 miehn? g (6l
Yo RS LGy RS ) kB RO § e R (Youle,
2003; Ahmad etal.,2013) > 2 A 7 @ RAP 7 o @ & TMRE ¥ £ 4 ¢ a8 3
P ¥ I SRT1720 ¢ i€ FRMuCT =~ € = » &5 SRT1720 #* PQ ik

LT A ALK p Ot e AR iR o

SRT1720 E{¥dpx et s FippEn Wi W kenit Bh7sd 4 > 24
Sirtris Pharmaceuticals = # #+# 1 (Milne et al., 2007) - & 2 % 1+ » SRT1720
R MM EEBT T ¥ A PP N F Funk A 2010 # GwT g ¢ g 3
. SRT1720 # r g Mg h2 & = (Funketal, 2010) - -4+ SRT1720 $+**
PQ e # » NG th oz 3525 (Blo) M2 il (Ble) 54
17 BT R R SRTL720 eh A2 d 7 5 M PQ e 3 = A i 2 - H T 7
SRT1720 >t m% 35 FenifiE I Kk p 3% K PQ > we k= ik i (B

)o

Ji
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PQig =% + Bifsacnd it iEm @ ROSeh+ £4 2-ROS 5 # F£ 2 & >
§ Tl ASTE mre p inded B DNA - 3 A e i = o 3R B2 AW 9w 7 F
R PQ ¢ i =i~ £ ROS 2 & (Huang et al.,, 2016) - 343 2012 # He %
LHFE R F G B AR M PQ g 2w Y Az L F A5 (Heetal,
2012)c AF g ? o SRT1720 7 50 & % *5 M PQ #ig = P2 F ¥ g § i
AR S G T M P chilE g PR R AR hdg g )R (RIT-F )
m PQi& &4 25ROS 5 Oy (Drechsel and Patel, 2009; Janda et al.,

2015) > # 54§ it - f6 0 {#EM T SRT1720 >~ PQ & 2 ™ ehifR 4 o

Sirtuin Family

Sirtuin £ - f& NAD+ dependent protein deacetylase > 7 3 % # it & P %
o Lot P EFY G F RaniE® o Sirtuin 9 - F45E % Yeast
PAFRAEGALEALE R A RS Y 4 BT FRA Fl(homologs
gene) - i fiz 5 A FliwEesd & (Silent information regulator 2) (Kaeberlein et
al., 1999) - Sirtl ¥-v &t %2 histone =13 ¢ figit » @ DNA £ histone 3317 {
T k@ % A FlE 2 A R -SRT1720 2 RSV #7448 > 1 ac 43 3 »%iE it Sirtuin
B¢ i - 4o i s SRTL720 % ¢ % i &% 1 & 44 Sirtuin 36 i
KA % = (Pacholec et al., 2010) - 8278 SRT1720 friwmz ¥ eni®# = § X
Bl Liriky A oY 47 SRTI720 7 &2 1 AR HOR ~ LR St 2 A
B ARE G s A ehiFE o L ST 4 4 IR SRTL720 7 12 4 4o sl et

& = (Funk etal., 2010) -

SRT1720 : & § 5 7 kit en g » 3 4 @5 § % # SRT1720 iRl3# te
$90 PQ 4 Heni fa 1 hE 1 o d K et § 1% PQ STE B e nip 3

7 ¢ B IR SIRTUNRF2/ARE 23 & @i Lpsjs2t4 £ & (Lietal, 2016) -

o



L Ry B4E R SRT1720 2 H $f & 40 Sirtuin v a4 g~ ¢ B F i fg s
PQ & 12 faenp 4% > 127 7 SRT1720 $04¢ (538 11 1 s hit i B4 o 1245
A eET R % S PRl Sitl $ e £ PQ A TR 4 - el ()
1 ~B-+) ® SRT17203 5% 7 Sirtuin en3-v 2 RE K PQF 3
LYo - 2 B Z R TR AP kA i FE T SRT1720 fiwm ¢
FEFETEF R F 0 & EAPT il SRTL720 7 @ A g s Ak 2 ¢
¥ i i F i 8 4 (Post-translation modification) % H & 232 3 7 i £
£ o« SRT1720 » # 3% 1 e & & @i ch Sirtuin endv cni®* > ¢ 3 F 2
3o e §_SRT1720 $* Sirtuin 3-v e F49p 0 A enics > BE Al e

- HEE Y o

% A= B pvEiER

Rtz oy PQ §F e 2 4 ¥ &= (Huang etal., 2012)
A TET T SRTI720 ¥ %2 PQ i Fehdmie k= (Rlz) - w A A1 4pd >
PQ 7 W 4imiz k= » 2 XA Bkl f iRl iRF flnre ¥ > i3 FrE 22
v g pwre & (Jandaetal., 2015)0 @ 4o% - PQ #r A 2 cap v i * iR F

{ w3 Fmre 4 w2 k= (Gonzalez-Polo et al., 2007) - 124 Janda 7 2015
E 7 g I PQ € Fr4] mTOR g4 1 mTOR 3 %> ® 1+« BECN1
4 R (Jandaetal., 2015)c @ #n A » 3 B EHRERE R HPQ ¢ i = LC3-lI
36 AIE T o A2 T § F R0 PQ AJZ 3h 2 8h s LC3-ll kv 4
BETE > m 24hLC3-ll ehg-v 2 E x gt 2 o @m SRT1720 # jed2 ¥ 11 % &
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Wb RAT P A L8 SRTL720 $4>0 f v (v % chiE 222 3> @ & 24§ PQ

55
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HEFLF pFend & etk PRI ROS Gk (St-Pierre et al., 2006) -
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Boipadaply - P LR EHENEY 42 LR NE Tl A padEd
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(A)  Bright field TMRE Merge
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