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WE  Parkin FEFUEMHEFRHRMBURIEE 2 —, Parkin & FA{ENZ & - 5 A B IE 4 (ubiquitin-proteasome pathway, UPP)f]—
FrE3 M, NMRT Z2MERPMZ 2R, miEESMEHRWNKERILEEE SV RNBER. o B REAEEA
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Mz # . $8 OGCP W fg A& Parkin 2 I HZ B#ALIRYEE T, H Parkin &5 AR fE 1 OGCP iz #ik.

KR M4SN, Parkin 21, o- B RS (1(OGCP)

ZR9HES  R394.3, R740.02

F 4 A% 9% (Parkinson’s disease, PD) J&— &
W PHZ RGEIRAT PR, BRI A M=
Bl JJUREL IZ 3D PRSI R
ROAR IR Z O REA A 03 KA lewy /METE B
{H PD RAFHLEI A TE G, TEFRIN, &
AL R MR BN E S PD REAH G,
IR E ORI B TEAL T 15 AN stk
PD (130 3 DA A7 29, b 10 AN S0 58 N 4
SRS, Parkin 3EDKF 1998 4F H Kitada %070 %,
IZHE R SR ] AR B S AR B R 18 AL 75 /DA 200
G ARZE G (autosomal recessive juvenile Parkinsonism,
AR-JP), B 5 I Parkin K5 H R PR 4 AR
(early onset Parkinson disease, EOPD){ AH¢, #E/x
Parkin ZEHTE PD RIGHLEI EAE HEAER . #1951
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Sigma AF]; Cy2-labeled anti-mouse IgG. Cy3-labeled
anti-rabbit IgG. HRP #x i (1 1 £ BT i 1gG W H
KPL A 7] ; Clasto-lactacystin B-lactone. E1 Ji§ H
Calbiochem /A #]; HEK293 4 bk i v g K2ppe 2
TR [ 5K S S VR AT

1.2 A&

1.2 ki g, A G cDNA S it 5]
YY1 Parkin 1) CDS(GenBank: AB009973) 1 0GCP
JE X CDS (GenBank: BC006508), Al Ji] EcoR T Al
Hind Il 73 93% %51 p)CMV-Tag4, pcDNA3.1-myc-his(-)B
H, FJE pCMV-Parkin, pcDNA3.1-myc-OGCP, Jit
A e PELRGUIAN P UE S S, Hh3e K & Bk 3E T
1.2.2  4fus g 5% Y. HEK293 410K 10%
B2 135 1) DMEM 35983, & T 37C 5% CO, Xr
FEAAThEEFE, 3 R#e—IRIGFRM. K HEK293 41 g
FHBRRG I A0 5 4% 10 3 (0 Ll e b 2 0% R AR 85 9%,
RRAN K 220 T0%mA A5 I EAT 56 . e g L R4
1EZ2% 15 Ak Lipofectamine 2000 1 A 15 2E47 .

1.2.3 9. K HEK293 4 ufemh 147 o 3
) 24 LA H, & 10% FBS ) DMEM 1 9% T
37C, 5% CO, Wi FiMirh. B YLk DNA, # 4t
36h i, FEEEIRIL, 3.7%MZ R/ PBS ik
N % 15 min. PBS ¥k 4 WK, IR S min. 5%
BSA Hf MW, #Eind A 30 min. & 24 LB — BT
M E 1h. 1xPBSPES K, &K S5Smin. 5%
BSA B, ZE B P 30 min. AHRY ZH1 30 wl,
WO R %E 40 min. 1 x PBS ¥t 5 &, ik
5min. DAPI 241 fut%, =i, ®GKRY 2 min. 1
xPBS ¥ 5 ¥k, AKX 5min. 8 TK¥E—K, H
F, RV REL RSN, FROGH R AR
DA AR.

1.2.4  RUEEDZE. HUANME, 8 R G Sk
T WHE O PR S 5T, 8 50 SR & I
UK E . TR FE S I Sx A PE g2 il iR )
100°C FAeME 5 min. ¥JHL 20 wg & AR 10%
SDS- 3 N I Ik i Bk i riL Uk, - LS B 42 PVDF Jii
Lo PLS% B RE WA B 1 h s, IIAAR N — i,
4C R, TBST WEMBE, AR R i 454k
VI AR LB —$0, ZFiWFF 60 min, TBST ¥t/
J&. ECL ROt B, WS N T B-actin Ho8
BB

1.2.5 ARBEILUUE. B 1 ml 2o TR 40 i 5L
3 VB I N A B (1 B TR BT 4 g, KT

LN 4 wg 15 /N T1gG 1E A 4. 4°C 4
30 min; JIA 50 pl CHUAEPE Protein G Agarose,
4C ¥ 2 h; 4C 8000 g &0 5 min, % FIGM,
I 1 ml RIPA(AR % cocktail) R VIIEY); HE
2P HRE 2 ks 4C 12000 g &0 10 min, 2 L
THWL NN 20 wl 2 x SDS A fZz i, 100°C 2 i
10 min; 4°C 12 000 g &0 1 min, B3 WHREAT
Western blot.

12.6 RINZ ZAE. K pCMV-Parkin, pcDNA3.1-
myc-OGCP P BTRLS) il 4% N HEK293 4hifid, 159
36 h JG &, 23 A M Bt Flag SBHUHT myc FATE
T VCIE, 2L Parkin-Flag &5 (1 A1 OGCP-myc
M. SR TR A E AT RSN AR,
YK, RNAERRILE 2, RNAKRRTINIRA G
7E PCRAY I, 30C FMY 2 he H4 N =455 B
B, 2l BTz FACRHT (1 500)MHT mye 4t
(111 000) 1 Western blot; —#H14 HRP A [f1111
YU IgGA 5 000).

Table 1 The groups of in vitro ubiquitination assays

1 2 3 4 5 6

Parkin-Flag + + - + + _
OGCP-myc + - + + _ +
E2 + + + - - —
E1/Ub + + + — _ _

Table 2 The reaction system of in vitro

ubiquitination assays

Agent Dose
El 100 ng
Ubiquitin 10 pg
E2(UbcH7) 200 ng
Buffer 50 pl
OGCP-myc 7wl
Parkin-Flag 7l

127 RPNZ AR, K ORI LT ) OGCP-myc/
HEK293 5 & RIEAM MWD a0 by ¢ d WA
FeE T0%RA 5, 1] o AR ¢ 0% % pcDNA3.1-
ubiquitin, [1] b 411 4 435 G pCMV-Parkin F1
pcDNA3. 1-ubiquitin FUk, 4% 32h 5, # o 4LA0
b A4 5 wmol/L Clasto-lactacystin B-lactone 4
B 1h ¢ AMd MM 5 pmol/L Clasto-
lactacystin B-lactone #b2 4 h, H anti-ubiquitin . 7¢
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EPUARHEAT S vl 5, T —HUh Pt mye
ol 1 1000); —Hi 2k HRP brid i1 2E B i 1gG
(115 000)1E 555 ENZEAG .

2 & R

2.1 Parkin 1 OGCP 74 H B9 E L

I o 5 % 6 M %2 Parkin-Flag, OGCP-myc il
4 5 FE HEK293 4ii i rh (1) 58 A7 L. R 31 Parkin
BHA) ZAAET A ZTE 1, Al A2, A3),
OGCP-myc fil & 8 I TA e rifk b, High
MitoTracker 4 (% [f) £k b A4 E A7 4L e A2 (Kl 1, Bl
B2. B3).

Fig. 1 The location of parkin and OGCP in HEK293 cells
HEK293 cells grown on coverslips were transfected with expression
plasmids encoding the Parkin (A1, A2, A3) and OGCP (B1, B2, B3)
proteins. 48 h after transfection cells were fixed with paraformaldehyde
and stained with anti- Flag/C2-anti- mouse IgG (to detect Parkin, in
green, Al, A3), anti-myc/C2-anti- mouse IgG (to detect OGCP, in green,
B2), DAPI (to detect DNA in blue, A2, A3) and MitoTracker (to detect
mitochondrial in red, B1, B3) as described in Materials and methods.
Images were obtained by using an inverted system microscope (Zeiss).
The merged image overlaps (A3, B3) were obtained using the

Metamorph software.

2.2 Parkin 5 OGCP HIHHE{EFA

221 PO O B £ B U 52
Parkin-Flag I OGCP-myc fili & £ 1 /£ HEK293 4
M e oL, K ILAE HEK293 il i Parkin
W (LR Z A R A Az b, i
OGCP(£E 158 )6) 2 J AP /3 4. OGCP Fl Parkin £
FAEAE R e G 58 8) (K 2).

Fig. 2 The Co-localization of Parkin and OGCP
in HEK293 cells (x1 000)
HEK293 cells grown on coverslips were cotransfection with pCMV-
parkin and pcDNA3.1-myc-his-(B-)(Al, A2, A3), pcDNA3.1-myc-OGCP
and pCMV-Tag4(B2, B2, b3), pPCMV-parkin and pcDNA3.1-myc-OGCP
(C1,C2,C3). 48 h after transfection cells were fixed with paraformaldehyde

and stained with anti- Flag/C3-anti- mouse IgG (to detect Parkin, in red,
Al, B1, C1), anti-myc/C2-anti- rabbit IgG (to detect OGCP, in green,
A2, B2, C2) as described in Materials and methods. Images were
obtained by using an inverted system laser confocal microscope (Zeiss).
The merged image overlaps (A3, B3, C3) were obtained using the
Metamorph software. The result showed the Co-localization of Parkin
and OGCP in HEK293 cells (C3, yellow fluorescence).

222 REIHDUE. AT 3 41, 3l
A Yl (Parkin 41), B 41(OGCP 41)F1 C 4l (Parkin F1
OGCP 441y, e thiie 4 R i R: H anti-myc
HPUE AL B AT C X 3 1M 440 A, 76
Bl C 41 #n] WL — 2 K2 38 ku K/ e R 4%
W, BB OGCP-myc fli#5 8 (175 B 4180 C Ay
Fik, A A ek ; H anti-Flag 4001
JE J5 M anti-myc $.HUAL W OGCP-myc fil & 5 1,
URIL C 4147 38 ku K/NWRESR RS, ULIHDTTE
Parkin 2% (4 [A] ] £ OGCP-myc fil &85 FAYE, #
B 2 [MAFEAR AR, % C 41(C*) B /D R
1) 1gG 1E R0, ARAT I 2] OGCP-myc filiéH# 1,
Ui B Parkin-Flag 1 OGCP-myc fill & 25 11 i A1 H A
AR 1gG HIAERE Sk 4 (18 3a). fEH
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anti-myc YL 5, H anti-Flag #5001 5843 21 [7] £ 11
4 R(1& 3b).

a
@ Input 1P
A B C C*A B C
OGCP-myc - + + + — + +
Parkin-Flag + - + + + - o+
% m - IgG heavy chain
38ku- - - —
- IgG light chain
L [ |
IB: Anti-myc IP: IgG IP: Anti-Flag
®) Input Ip
A B C cC*A B C
OGCP-myc - + + + - o+ ¥
Parkin-Flag + - + + o+ - ¥
54 Ku— w— - ’ D
- IgG heavy chain
| ] | |

IB: Anti-Flag IP: IgG IP: Anti-myc

Fig. 3 Co-immunoprecipitation experiments of

Parkin-Flag proteins and OGCP-myc in HEK293
(a) The cell lysates from HEK293 cells over-expressing flag tagged
Parkin or/and myc tagged OGCP were immunoprecipitated (IP) with
anti-Flag antibody. Five percent of whole cell lysates of three groups
were immunoblotted with anti-myc monoclonal antibody and the rest
were subjected to immunoprecipitation with monoclocal anti-Flag
antibody, the normal mouse IgG were used as the control antibody(C*).
Immunoblotting with anti-myc monoclonal antibody detected OGCP
(38 ku, black arrow directed) in groups which over-expressed OGCP or
both parkin and OGCP, but not in the control groups. (b) The cell lysates
were immunoprecipitated with anti-myc antibody. Five percent of
whole cell lysates of three groups were immunoblotted with anti-Flag
monoclonal antibody and the rest were subjected to immunoprecipitation
with monoclonal anti-myc antibody, the normal mouse IgG were used as
the control antibody (C*). Immunoblotting with anti-Flag monoclonal
antibody detected Parkin (54 ku, black arrow directed) in groups which
over-expressed parkin or both parkin and OGCP, but not in the control

groups. The results confirmed the interaction between parkin and OGCP.

2.3 Parkin /7% OGCP HYIARIMNZ R EER
231 MANZFZMEE. KRNV S 6 4R 1)
437 anti-ubiquitin 5 50 EPUAFT anti-myc HL 5
YU Western blot #73l].  F anti-ubiquitin . 57 5
PRIz ZA Y, WK 4a w1, 2, 3 4#8
AW o> 1 R L, L1 A4
e, HOGE 2 M 34, 184y 5. 6 AR
(o F- R4kt , X SERSI H 1R v 14 A e a0
TR E Mz ZE . H anti-mye H 58 B UKL
WA ANZ Z A=Y ) OGCP-myc @& 8, M

<l 4b T UL 1 AT o 1 iR A L

1M H A4

BAT R TR A L

(a)
1 2 3 4 5 6
Parkin-Flag + + - + + -
OGCP-myc + - + + — +
E2 + + + - -
ELLUb + + + - - -
ku
220 - !( i
97 - :
66-
S S e W B B - (oG heavy chain
46 - .
L - -
IB: Anti-ubiquitin
(b) 1 2 3 4 5 6
Parkin-Flag + + - + + -
OGCP-myc + - + + - +
E2 + + + - - -
ELUb + + + - - -
ku
220 - .
97—‘
66 —
— IgG heavy chain
46 -
- -« "W #% — OGCP-myc
IB: Anti-myc

Fig. 4 Ubiquitination of OGCP in vitro
The in wvitro assay was performed as described in Materials and
methods with individual components added as indicated in Table 1. The
purified fusion protein Parkin-Flag and/or OGCP-myc were incubated
with the ubiquitin enzymes (E1, E2) and ubiquitin, production without
ubiquitin enzymes (E1, E2) and ubiquitin were used as control. (a)
Immunoblotting with anti-ubiquitin monoclonal antibody detected the
high molecular mass straps in the production of in vitro ubiquitination
with Parkin and/or OGCP and El1, E2, ubiquitin(/, 2, 3), but not in the
control groups(4, 5, 6). And the fortissimus straps were detected in the
production of Parkin-Flag, OGCP-myc, El, E2 and ubiquitin (/). (b)
Immunoblotting with anti-myc monoclonal antibody detected the high
molecular mass straps only in the production of in vitro ubiquitination

with Parkin-Flag, OGCP-myc, E1, E2 and ubiquitin(/).

232 PRWZFEASER. S wmol/L Clasto-lactacystin
B-lactone 4bFH 1 h, 2 Fbm s> F R E A& Z
FALM OGCP-myc) tHILAE b 21, 1 o ZHNTG, Ui
W] Parkin & [ A] LU A OGCP-mye i 7 & 1 1172
. B A BEARHIE ) Clasto-lactacystin B-lactone
THAhER ¢ M d 4, F1hi)a b 4IHE,
2B A Ay 1 R R A e B G 1 )
Clasto-lactacystin B-lactone f¢ 1l i) OGCP-myc fili &
AR 5).
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a b c d

Ubiquitin ~ + + o+ +

OGCP-myc  + + o+ +

Parkin-Flag - + - +
" ‘—HMW ubiquitinated proteins

-

. ' ..~ IgG heavy chain

IP: Anti-ubiquitin IB:Anti-myc

Fig. 5 Ubiquitination of OGCP in vivo
HEK293 cells stably expressing OGCP-myc were transfected with
pcDNA3.1-ubiquitin (q, d) or cotransfected with pCMV-Parkin (b, d).
48 h after transfection cells were treated with Clasto-lactacystin
B-lactone(S wmol/L) for 1 h(a, b) and 4 h(c, d) respectively. The whole
cell lysates were immunoprecipitated with anti-ubiquitin antibody.
Immunoblotting with anti-myc monoclonal antibody detected the high
molecular mass ubiquitinated proteins besides in lane ¢, which showed
that Parkin significantly increases OGCP ubiquitination. Whereas the
protein band of HMW ubiquitinated proteins were heavier in lane ¢ and
d than that in lane b, indicated Clasto-lactacystin B-lactone could

inhibits OGCP-myc degradation in cells.
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A S e S IO IR A8 I B &5 5 e 50T
JERE, I Parkin 45 1A OGCP £ HEK293 4
MarpAE e e fr,  HAE AU Flag HUiATHE Parkin-
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The Study of The Interaction Between Parkin and OGCP”
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Abstract Parkin gene is one of the virulence gene in Parkinson’s disease. Being an E3 enzyme of
ubiquitin-proteasome pathway (UPP), Parkin protein mediates many substrate proteins’ ubiquitination which has
been closely linked to the pathogenesis of Parkinson’s disease. 2-oxoglutarate carrier protein (OGCP) is a
mitochondrial membrane protein. Immunofluorescence and laser confocal microscope confirmed that in HEK293
cells, there are co-orientation and interaction between Parkin protein and OGCP. And Parkin protein can mediate
the ubiquitination of OGCP though in vitro and in vivo ubiquitination essays. These findings suggest that OGCP
may be one of the ubiquitination substrate proteins of Parkin protein and Parkin protein mediates can promote the
OGCP’ s ubiquitination.

Key words Parkinson’s disease, Parkin protein, 2-oxoglutarate carrier protein(OGCP)
DOI: 10.3724/SP.J.1206.2009.00349

*This work was supported by grants from The National Natural Science Foundation of China (30370515, 30570638), Hi-Tech Research Development
Program of China (2004 AA227040), National Basic Research Program of China (2006CB500700) and The 10th Five Years Key Programs for Science
and Technology Development of China (2004BA720A03).

**These authors contributed equally to this work.

***Corresponding author.

Tel: 86-731-5295856, E-mail: wcyl 9@tom.com

Received: June 4,2009  Accepted: November 26, 2009



