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RING-between-RING (RBR) E3 ligase™= RING Y+ HECT

E3 ligase®t= ¥ ¥+ ubiquitin ligase®] 3+ o]t} Parkine 2 <&
# %l RBR ligase®] o2, 371" 3kxlo| A Parkine] & Wol7t Hol
H o]l Parkin® thE RBR ligase: 79 7]5S 3=
modules FE5 Aoz 7FA L 9o} HAAo autoinhibition o] )L,
dde] AAES T3 S5 ol 71E Parkin® E<dwolo] o
st @A %= 2 Parkine] F8.3FA 2H-83H= mitophagy #Aoll dlgk A
Azt ol o8 WA E = Parkin®] T3

Al Adte] g A= 53 Aol ol dAFtol A= Parkin®] %

A E@uolo] o3 WARE T2H AFS AT 98 S|zt

=
=

B

ol Parking M Ed| wdste] 7% 4, x4 HaE 2Ag0 97
e

<H ko] EdWe] Hole & s AEed e F e SEhar
o] F2Ys3¢al, o]S Hela A3 @3 3lo] Parking a 9FAby}
g5t AS AHg. 2 A3 45709 Parkin A ool o]&]
A =dwWols xdY o] A 4FFE EFE T AJTh o FA R/
g EdWolES PYMOL Z=Idls ol &sl Fxxpiolo] ofs] o
TZAR Aol7F B E A=A Fleta, FAFEI 724 Aol 4
Aok & ATE Sl @A FHAWelz A Parkin®] AE Wl 7w

F89] : Parkin, RBR ligase, mitochondria, structure, PyMOL
g ® @ 2015-20448
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Al 1 & Introduction

HZ1EH S W EavlE H|ste AlZ7 2o e T =
A (substantia niagra pars compacta)oll X3 AMEESS FOWHA A

r 5
tolo] wel W E ztolE KAt w919 Stk aEst A E A
i 20301 d ol = 5041 1ol A W Eo] 100d Aol H]af

2 o dstar Atk (Dorcey et al., 2007).

ylEHe] dExEAE] AU EEFol= 1941719 James
Parkinsonell o8 A HAtHGoetz, 2011). EFA= STdw
(bredikinesia), T4 %ol (muscular rigidity), F2] % A (rest tremor), AFAl
2 AS Aof(postural and gait impairment)E *3F3}H (Gibb et al,
1988). #Atvitt b2 TS HltH(Marras et al., 2013). 53] £
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Environmental risk factors Genetic risk factors

Decreased risk (OR <1)

Tobacco smoking Decreased risk (OR <1)

Coffee drinking SNCA GaH1

NSAID use MAPT RIT2

Calcium channel biocker use TMEM175-GAK-DGKQ  FAM47E-SCARB2

Alcohal consumption HLA-DQB1 FGF20
Moo SREBF1-RAIL
ACMSD-TMEM 163

Figure 1. 3171 2y #AdHd 9d 84,



AR A dypgo]l ewA B 7 tE olsiiE EiTh

& A o} (Polymeropoulos et al.,, 1997). SNCA EdWol= AAAA 94
o7 7158 E A A G (Devine et al, 2011). S doy|= &
Holi= ofn] ko] 23S oF7|slE Q& W o] (missense mutation) S
ow 1 A¥ZE a-synuclein®] 5% Lewy bodygli= HA AHES WHE
o] Wit

AAN7AA 670 FAATE DA A AEH I A E
QTF RaEArh ol SNCA LRRKZ VPS35 EIF4GI DNAJCI3
CHCHD2o1M o5& AX  WelA AWz A, A7tLsiats
(autophagy), @Hd 44 9 FF ol #Holsts= FHA oY LRRK2

Sl ey FA%E Wy 29 F bg 2 MFS Aan
ol
=

)

Ho

(Healy et al., 2008). Parkin, PINKI, DJ-1& 332
o] whof AyE etk FEAA D8 S WA o
= AEAA 4 SEH Y ] 40A o]stell A x7] WHstE 3l
Ho|th(Schrag et al, 2006). £3] Parkin® Qo= AdMA I

= AN T 7HE 2 vFS AAS 454 olste] #ls
¥ 3z T bS] dve A9 50%, $li A9 15%7F Parkin®]

=AMl E 7Fx 1 dtH(Liicking et al.,2000; Periquet et al., 2003).



Parkin, PINK1, DJ-19] o3 23y didse w5 44
Al wEFZ=gole]l fFx9 #FHol Z(Mccoy et al, 2012). E3
ubiquitin ligase?] Parkin¥} serine-threonine protein kinase¢! PINKI
< mitophagyetal et BAFAA ] mEZ=elole] A AA Ao
Al 2R ol xubd] BdE a8 ol&d Y= Avh(Park
et al., 2006).

o] &l ATPI3A2 CY9ORF72, FBXO7, PLA2G6 &° F7H4

9 SHEY 99 FAAEC HHAL Qa1 AR A5 o

gy Ao  uwlE=W,  phenothiazines, benzamides, haloperidol,
risperidone?} -2 FAGAHA Y] HE&E FFEHe] BHES =Y F

2 tH(Foubert-Samier et al., 2012; Samuel et al, 2012).

A 2 A RING-between-RING E3 ligase Parkin

%719 Parkin 9+

Parkin< E3 ubiquitin ligase®, 404 ©]3s}e] #z1<4W 32



A4 2wy ale] 18%7F Parking 4&.8}et= Parkin F7 Aol A1
EddolZ dex doH(Poorkaj et al., 2004). Parking 1997 # A=}
A FAoE AHe FUEEHY Aol HiuHlil(Matsumine et
al, 1997), 1'd H ol Parkin FAA7F A& S24do] HAA AF7F &
A o7 AZEArH(Kitada et al., 1998). o]F & Parkin® 715 A 3l
st OFe A& A SdWelrt e AT Parkine 46570 obn] w4k
S gz gtelE 12719 exonloZ G o )Tk

Parkin®] 7153 713

E3  ubiquitination  ligase¢!  Parkin>  ©}dst 7]H S
ubiquitination A1 Z AE oA o] AzAYE AAZS A3}
a T 7P & ¢l Parkin® Vs PEIZE=gol vt VAES

ubiquitination A7 AE o] H|AAAAH o R =AHT= nEEZE=TolE

il

Aeid oz AAsHE Holtk o] Aol  serine-threonine kinase{!
PINK1o] #ofstix o] AlsdgA|Al= PINKI-Parkin pathway= 3
8 = At

AR MEZE=g ol HAE 3 PINKIS HEZ=E
of oto g $F3HA PARL, MPPe} 2 proteaseE ©]&3] A&t}
(Deas et al., 2011; Greene et al., 2012). 121}, Ao FAA= A=
of osf mAFA wEZ=golrt A7IW, vEZ=goke] w97t
ARERAI A PINKL EZE=E o} qto o]gstA] Xsti WEZET
o} euto] Ex3tA Hr} o] o] PINKI-2 Parkin, ubiquitine <14Fs}A
71 A Parkin®] ubiquitin ligase 7]'sS &4 38A] 71t} Parkine] &4 3}
HH, Axdy vEZ=gol fud] e oY TR VIEES

ubiquitination A7 K48- 1¥] 11 K68-linked ubiquitin chaing 7H=T}

=



K68-linked chain #A7}A3t2H-8 #8419 p62E nEZ=golz #9
gto] MEZEgoLE 5olA o & A A= mitophagy THA ] Aoy
Z 3t}

AF7HA Parkin® thdst 7]@Ee] dig A7 A&
NEAQ A= mEZ=gol 3o #olst= Minl/27F i, nEZE

ully

Z]o} Rho GTPase®! Mirole] STl o] £]e] quantitative diGly capture
proteomics & ©]-&3a t}ekdt Parkine 7] A Eo] 93 % th(Sarraf et al,
2013). Z&AhAlel #oslE= ACSL1, MDHI, HK1, CISD13 HE&E =g
o} §3/4%0] Bolak= FISI, MEN1/2, MARCHS5, TBCIDI5, 27}
2o #ojsl= TAXIBP1, SQSTMI1, CALCOCO2 o] 1 7|d= 4ts
ATt



A 1 76 141 225 327 378 410 465

Figure 2. Parkin®] F%. (A) Parkin® domain® I ¢ *]. (B) Parkin
9] 3xF F=x.



Parkine] #+z % &A43 71

Parkin= zinc coordination domain< 7HA =
RING-between-RING  familyell &3li= E3 ubiquitin ligase®
N-terminal region-8 UBL, RINGO, RINGI, IBR, RING2 +22 & 5
7Nl domaino.2 A %ol Jth(Fig. 2; Pickrell et al, 2014). Parkin<
RING1 domaing ©]&3}o] E2-ubiquitin®} Z2&3t & RING29 =n) #+
7]1¢1 Cys4319] ubiquitine thioester bondE 3 &7 ¥ HFHo=
714 el ubiquiting HAl AFA 7= S gt

S 8ts ] k2 Parkin® RING2 domain RINGO| ¢]3l|, E2
ligase 2% F¢9]¢] RINGI domain< UBL, REPe| ol&] x4 o= 7}
H A ATH(Seirafi et al., 2015). Parkine] @413} 7] ¢34+ PINKI1e
9Jgst  UBL domain® Ser659 <l4tstel  <QIAsE  ubiquiting!
phospho-ubiquitin (pUb)7} A ¥Fsljokstt}, o] F-o ubiquitine] A3 E2
ligase”t REP, RING1#}e] Aol AjFshal ubiquiting F¥el = o

2 Parkin®l| &%71WA &4 3std th(Fig. 3; Kumar et al.,, 2017).
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Autoinhibited Parkin pParkin

*POy

Procassiva pParkin Activated pParkin

Figure 3. Parkin® %A 7]|d. (A) IBR (Z2)3} RING1¢ H3 (E&
wkA)E 9= UBLel 9138l autoinhibition ¥ ©]9l+% Parkin. (B) UBL<]
QAAksiyt pUbe A¥ o= H3-IBR¥ UBL Alolol F3Iko] A 7]HA
Parkino] &4 3}d. (C) &43td Parkin> H3-IBR helixE M oA
Z9 W37t Aol (D) E2-ubiquitine] ©] FH Ao A =EwHA E27}

REP, RINGlol &1 ubiquitin® F¥H 9] t}& Parkinol] 94
) = ]
’ 3 A&t



Parkin®] 32 Ed W]
I
Aol Parkin® =dWololth, Parkin®] exon A& Ao A& 3z
AN w37l FArH(Kitada et al., 1998). 204 o] Mo ¥tz ¢

A HEE] HaE Ak o] 252 levodopa 589 a3E HATH

HANA G4 e wgel b 2 fAH 29 A3

o

0

1

rr

levodopa-induced dyskinesia7} WHW3s7%= ity IE9te] dAF=
Parkin®] ZAZ¥, EA, HeEdwolE zte AU Hirt H
(Nuytemans et al., 2010).

Sy BA5e] a4 BAL Fa BFF Parkine] 29

off

dd FRAHO| 7 B o] 9t} Parking T7+ASE E 5719 domain
ok 50 o709l SNP7F ¥ X thH(Corti et al, 2011). o] A

Asg BEel 44 7 fARHIEY A5 AT AGHYw 4T

flo
<
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frtt
rr

o
ar
Joll A Parkin®] ubiquitination activityoll &#|7} o] 5

Ak SAIRE ol Wk FAASQ V] Fe] dE A= Wol WPHA

4
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A 2 & MATERIALS and METHODS

A 1A A A
Mouse anti-Myc (MBL), mouse anti-GST (Upstate Biotechnology),
rabbit anti-TOM20 (Santa Cruz)”} immunocytochemisty 23 o 229

t}. Carbonyl cyanide 3-chlorophenylhydrazone (CCCP)<2 Sigma
aldrich (C2759)¢] A#& AF&3HS

A2 A B fAAE] Folnae Az

Parkin® pathogenic mutant librarye ¥ 79 Z A0 =E o] £3519]
AAseiTh, 7|2 A 02 pEBG-Parkin (GST-Parkin)S AMg-&x, whal
o] HA & FHAHo]= pcDNA3.1-zeo(+)-Myc-Parking ©]-& 3}
librarys AP T.  FAApAo]  glolBee]  ARE feiA T
nucleotide’} ®3}7} A7| =% forward, reverse primerS Tl A2 3T} 9]
£ template®] & ZAv|=E o] &3] PCREFS1 A, Dpn-15 37T 1h
2 dtr. o]% DH 108 competent cellel transformation*]# seeding,
mini-preps AA ZTAv=E AJY. A2 FEAUEE sequencing

she] faxpwol 7l Qoli=A selaieh

A3 A AE uIFy EAHAA

HelLa cell® 10% fetal bovine serum (Gibco)e] E¢{7t DMEM
(Welgene)& o] &3to] 37C, 5% CO, Z7o|A wjstsitt. HelLaol
transfectione ¢ W= Lipofectamine LTX & Plus Reagent

(Invitrogen)< A}l t},

11 i -1l



A 443 AY9PF

Hela cell& 12-well tissue culture plateol] ®joFatich A& HQdh
DNAE Transfectionstal 35 FHo 20 uM CCCP H+&= DMSOE 44
7 A8kl o]o] 4 PBS washing, 4% paraformaldehyde fixation 15
05% Trition X-100 in PBS (PBS-T) permeabilization 103,

T,
blocking solution (3% BSA 0.1% PBS-T)ell 1% goat serum= 7}3}
o] 1A1ZF A8 F blocking solution®] 1:200°2.% primary antibodyS 4]
o] 4T overnight g3ttt 28lar PBSE Yl 2@ washing$
blocking solution®] 1:2002.% secondary antibodyE 43¢ F-=oA 3t
A1 AYsdt. F7F4<e PBS  washing  $9]  100mg/ml 1,
4-diazabicyclo[2.2.2] octane (DABCO) in 90% glycerolS ©]-& 3}
mountingdtAth. A Z3 AMZS LSM 710 laser scanning confocal

microscope (Carl Zeiss)& ©]-&3Fo] #z3St).

A 5 4 PyMOL &4

Parkin¥} HFdARHole] F2E5 437 98] PyMOL (version 2.0.4)
X2 ads ol L3t EAsE R e AEle] Parkin (UBLRORBR,
PDB ID: 5C1Z)9] 725 7|E2o= op8g 3} fFadaele] 2 AolE

A3tk Mutagenesis wizardE ©| &3 54 ofv]=4lte] X3E Fx

il

A3t 1 F FgEo] 7MY =2 FxolA4 @A (rotational isomer,

rotamen)E 7|02 11 FERE BEA

12 "':l"\-_i _'\,,:_._.I.



Al 3 & RESULTS

A 1 A Parkin X FxAHo] Fgolvrdyay AF %
2384

Parkin ¢ 32} &A= old] o8] oF7] %= Parkin ¢ SA %= &
19 ANz AGA A WS Auy] 9 A FEoA wHEAAZA £ Q=
ZAWo]l  Zglaul= glolBdE AFEgrr. J|EHow

N-terminus © GST tag 7} A=+ Eet2=v =20 pEBG-Parkin &

Ol

Ho
=

°]-&, mutagenesis & 3 FAAWOlE WEOWI, o]lF o]
2R gdd fFHAMol= wE N-terminus ol Myc tag 7} U&=
pcDNA3.1-zeo(+)-Myc-Parkin & o] &34 A &3t FAAHo| 9
TR 2011de] Huad RSy @xpe] FAdA 2AE A
=

=S Fuste] AAs9HCorti et al, 2011, Fig. 4).

13 "':l‘\-_i _'\a.:_'\-'_.l.
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V3l
G12R
V1sMm
D1E8N
R33Q
R42C/H/P
AdBR/T
V56E

RINGO — RING1 — IBR — RING2

S145N
C166Y
C212G
H215Q

R2340
238w
T240M
D243N
V2adl
C253Y/F/W
R256C
H257R
V258M
Y267H
C268R
N2735
R275W
D280N
L283P
C289G

G328E/Q
R334C
T351P

Figure 4. Parkin®] 3x fZHAWo] golB gy A2}
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immunocytochemistry & ©]&3a] Parkin ¢ 7]EZ#<e g gFAS
gdgrt. 283 CCCP 20uM  4A13+s F7Hd o= AHFste] 7}
FAApA oo 2]3 Parkin & FAHE % 3¢ AE A nH= JEFS
s}k¢l & vl CCCP = protonophore &, B EZ =g o} ol BAH A=t
s 7e71E AAM AE el BARAAQ MEZE=ZE =Y T
A= oFEolr, PINKl-Parkin ASHAGAAE A 7|=d
Zol=  ofEolth. CCCPE  AdgstAl =W Parkin & A4 o=

nEZEgolz o]gstAl il o]ojia] o8 7|H"ES  ubiquitination

Immunocytochemistry & &3l <& 2 FHAAR O] &9
e A, 18l CCCP A=l tid o] &= g<lst
LRstdth 28l o] A9 FxAQ 4 B2 ¥
PyMOL Z=I1§l& o]&sto] FHdAw ol
ogA Fxok FAFAd dFSE = F A=A FAEAdH. Xeray
diffraction & &3l Fx7F ¥38 Age Parkin (PDB ID: 5C12)<
Vo2 B ol dRES AYsta full-length 2 F327}
dH 7 FFRo]tH(Kumar et al, 2015). PyMOL & Parkin ¢ 5%

obul it 7] (mekA)e] 3RAH AU FA wlske] 34 AF B

S golst ik, 183l mutagenesis wizard 7]5S o] &3to] A}
FAzdolol dlFsle ofwmato® X BB M)ste] FxAH WEE
ke

15 -":rxq ri 1_“ [}

l



S145N R256C V258M N273S

Figure 5. CCCPol| 93 AHA4AHoZE mEZEolR o|Fste 4
Aol (A) oY Parking Fddstd AE A $AsH, CCCPE
AgA MEZE=olE olFdte AS Fe0F F vk (B) (A)S 22
#£d3S Holi= UBL domain =R o], (C) RINGO domain -7 =+
o]. (D) RING1 domain % #}®¥ o],

b ! -1
16 ._:l_‘_.i .';"-1 L}



Al 2 A CCCPel 9& BHHo=E olFsts FAAR
|

HeLa Ao oA Parkin & 23 A]7]a2 CCCP 20uM <
ANZESE Agstd mEZ=gotrt FXa FAlel Parkin ©]
nEZEgolz olFstes ASs ¥ & thFig. 5A). ~aAHYES
23] o3 Ay oI ATY CCCP Ao s wmEZE=golz
ol F st FrAtAolE] AT (Fig. 5B-D). o] FrAHelEL o}

A= glo] o] HH Ao A sk, CCCP 20uM 44 3tel]l 28

o

_

+

E@celelz olBaun mEZSZeE BAE e FAY
(o3

17 ___:er _k:i_ -I_-]i



Figure 6. CCCPd 93 AAHo=z wmEZE=ZolzE olFse 4
Adole F2A EA4. (A) W7h 9WE Fepir = DISN. (B)
]

UBL domain®] 7]¢}9] F&& d27]+ R42H (21%), R234Q (&.&

l

%). (C) RINGI W¢] +x4 IS Adlst= V258M (9%), C268R
(2 E8%). (D) B)ek (O] &40 FAFS Hol= R276W. (E) ©] ¢

o] fr A o] (& 5-E] R42C, G328E, G430D)

18 4 21l



)

WAZ 2717k gude) Wame gam g faselst

ANtk DI8N 9 A5, ofw=ilo]  ofAYPQl  aspartate ¥ wWiu

FrAAHolo olF fE¥ asparagine EF 7|7 @A e] QR =
Fota glom, ofmleal Ao QI3 Fw Friste] FEE 79
g AL F9g 4 Advk(Fig. 6A). DISN 9ol MIL o]y} V2441

AApdol = Zk7]17h Parkin o €J%-& #Feta vk wEA 377

[e)

T

WA oRE Faks A gol FAAMZE dojibr Fxo] Aol 7}
o]

—r
3
X,
rir
Ho

N
D)
(e

o

Jol 98l UBL domain ¢ & X
Agre]l Zpol7F A7]i= AHolth R42H o 4%, 3} fFHzpHlo o3
ofu]i=Ako]l  arginine © 4] histidine &% H}¥W UBL domain 2
a-helix ¢ FxRAO02E FE= AS AT = AUh(Fig. 6B). R234Q
A o)=  arginine ¥ UBL domain 3¢ FA223%S A As=
29E 7R (Fig. 6B). VIoM # N273S & =¥ oo <o) 2+7z;
UBL domain 9] a-helix $¢] %% % hydrogen bonding & AAE
gttt webA Parkin o Aol = Qld] UBL domain %9 &&=
D Azte] AV doyxE CCCP Al &3+ Parkin ¢ o]soly A3}
HAo & FEFS HAA &g As ¢ F Atk

Al HA = RINGl domain Weo] x4 ZAITS o7&
frazbd ol ok V258M, C268R o 93 F+x®W3st= &4 2= RINGI
domain W& © Fx7F & 7]E XA =4 RINGL domain 9
YA JPdS Asgh(Fig. 6C). R27T5W & Azt oledl 93] RINGI
Zr1eke] FazAzel glofAWA RINGL domain o x4 ZA3S

dox]3 FAle]l UBL domain % FE5 ¥2o2thFig. 6D). R256C,

19 ___:er _k:i_ -I_-]i



fFAAHAOI = 7+ 7719 RINGL domain Abo]el 4223
wasity, A8 492 Parkin @ RINGl domain W9 x4 ZAEs

A O AL Parkin & o]Folv &gstole & FFE MAA FES & F

IO v o® R4A2C (AR Aol AAl fle), G328E (F-E
b= 7], okgre] x4 Aol Ewh), G430D (RINGO, RING2 domain
CCCPel o AdHdem vEIZ=Zolz o5

A3 A SHN TAHH CCCP A= 3] HEE

SelolE o] aA P fARMe

oFA Y Parkin Zh= TFEA pEdT sl Al oA AEZ
a2 HA Be] ofd F3 Kol Parkin fHAHol= QA THFig.
7A-B). #&do]l W MEA WelA FHA Holw, o] TOM20%}
A fAEA e AeR Hol mEIZ=golrt ofd thE X9l
A= Ae & F Uk o] FHAWo|= CCCP Aol 98 od
Fogol v A ke, MEZEgolRe] olFk dojuhA] grth o]
FHAS Holx FHAWolE= Cl66Y, C212G, H215Q, C253Y, C44IR,

=

-~
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Figure 8. 534 2d 1 CCCP A= 3] nEZ=g otz o F
stA & #A ]"?*;01-4 TZ% 4. (A) Parkin®] zinc finger
domain®l &3t ]"% A= CleeY, C212G, H215Q, C253W,
C441R, 322 zinc ion) ARl 93] zinc ion coordination®] =
A AsjEct. (B) zinc finger domain®l]l £3FA &&= Z7](V3D). A}t
Holo| o&] FxrHoz A wyA Gt
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A 4 A CCCPY Y& nEZ=g otz oEsA U=
S22 o]

npxE o 2 CCCP 20uM 44|kl oal  AFEAA
nEFZegol® o]5atA &2 Parkin frdAH 7 ATk & 4719
A7}l o UBL, RINGL, RING2 domain o 7t7F 170, 170, 2747}
3 € th(Fig. 9A-D).
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Figure 9. CCCPd & AHEZAA HEZ=golZ o]l5dx 4=
fAAMo]. (A) UBL domaindl 923l A46T. (B) RING1 domain®l
A Hsk= L283P. (C) RING2 domainell $]*3h= T415N. (D) RING2
domain®l] ¢ X]3}+= P437L.
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Figure 10. CCCPol &3 MEZAA vEZE=EolE o] F3A] &+
AWl Fx7 B2 (A) UBL domainol| $Xxsta, #7171 9%

S et = A46T. (B) RING1 domaine $9Ix]sk= L283P. (C)
i J+= T415N. (D)

RING2 domain®] <1xstH k7171 o F& &ks}
RING2 domain®l| ¥ X3ty Z7)7F 52 kst 9+ P437L.
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Al 4 % DISCUSSION
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ABSTRACT

Studies on the pathogenic
mutations of Parkin in

Parkinson’s disease

Hyunho Cho
School of Biological Sciences
The Graduate School

Seoul National University

RING-between-RING (RBR) E3 ligase is a family which is
distinct from RING or HECT ligase. Parkin is an well known
example of RBR E3 ligase and its mutations lead to early—onset
hereditary Parkinson’s disease. Parkin and other RBR ligases share
RBR module, but Parkin is usually autoinhibited and activated via a
distinct mechanism. Previous studies regarding mutations in Parkin
were focused on estimating its ubiquitination activity but it remains
unclear how mutations in Parkin contribute to its function and
structure. Here, after expressing Parkin mutants in Hela cells and
measuring their activity, we classified the mutations based on their
phenotypes and analyzed the structural rationales for the phenotypes.
I and my colleagues did site—directed mutagenesis to generate Parkin

mutants and observed their expression patterns. Also, by treating
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CCCP, which is known as an activator of Parkin, I and my
colleagues examined translocalization of Parkin mutants to
mitochondria. As a result, 45 Parkin mutants were classified into 3
groups according to the phenotypes. Using this data I analyzed
mutants one by one using PyMOL program. These studies contribute
to understanding the structural bases of Parkin mutations to evoke

the phenotypes related to Parkinson’s disease.

Keywords : Parkin, RBR ligase, mitochondria, structure, PyMOL
Student Number : 2015-20448
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