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Jr A7 1 P BE 3 37 25 W 1 Clontech /A 7 5 Pyrobest
DNA KA. dNTP. BRI P DIRG S B OKIE =
W) AT s T4 DNA EH: W H Promega A 7 ;
Lipofectamine 2000 14 H Invitrogen /A w5 R AF7AA %Y
#} MitoTracker Red CMXRos & Molecular Probe /A
w7, AW 100 nmol/L; %t A NOR1 £
veBEBUAAR R B PR (5 CHRE);  anti-OSCP.
anti-o-tubulin . 57 B HT /A ¥ H Santa Cruz A # ;
Anti- VDAC £ i fifA. FITC brid FHif 1gG Fl
Cy3 trid2EPi/N i 1gG W H Sigma Awl; IR %
FIHOE LR AR B ABT(LSM 5 PASCAL).

1.2 A%

120 FHIHEAME. Y NORT K [ 1) K]
WEF pGBKT7 12 il i, & Nde 1 F1 Sal 1
PE SRR s, HR S NORT 3 P 5 45 I i 17 1 A
FE B P il Bt 7% Nde 1 A1 Sal 1 BEVINL A KI514)
(F, 5" ATACATATGTCGGTGCGCACGTTACCG 3';
R, 5' TTTGTCGACCTATAACTCATCCATCATGG-
CGAG 3"), #1345 NORI H P 52 3% [ 52 4E (1)
41|, i GAL4 BD K:P (14 ASHE 5 NOR1 A 58 4%
Wity, 4 LARREM S pGBKT7 E &, M
L1 58 R 56 30F

122 PEBREXUARAT O e A G i cDNA SCE . fid 4
Y2H #A4E T MR 75 0 50RO\ iR i cDNA SR 3%
AL BE AH109 2 540, 7 iy 1k £ 1k 15 AR
SD/-Ade/-His/-Lew/-Trp “F- ML H1 30C K7 % 3~5 K
i, AT ALK, BREHA KT 2 mm. KA
B EAL T, BRAE SD/-Ade/-His/-Lew/-Trp 15 5
H, A K 3~5 RJE, RS IR 4T 4 35 10 oo [ B 2
B-gal £, WA BH PR % , I 76 SD/-Ade/-His/
-Lew/-Trp WA IEHE i 523 H /N 48, e B
Joki, PR KA IM109 1, R Amp °F
I 3%, b 38 Rz, BE R R AR B AR
pACT2-pray Jitki, &7, WlFP4 RiE4T BLAST
FHF, U UF AR 5L D5 1) B B AE 2 75 5 GAL4 AD
(5] TS AE Rl A5

1.2.3 pGBKT7-NORI1 5 pACT2-OSCP 455 XU,
A%, ¥ pGBKT7-NORI 5%/ 51f) pACT2-OSCP
ORI B2 A 40 M, $F0E SD/-Lew/-Trp
Fk, frrPE KR EARRT 2 mm fEIEEEEAN e b
AN, IR M A 0 3% B Bk SD/-Ade/-His/
-Leu/-Trp/X-o-Gal “F-1L, 30°C ¥53% 3~5 K5, M
KMk AEK S B,

124 %06 4L & 7. ¥ GFP-NORI Jii ki 5

myc-OSCP KBS ILHE L HeLa 41 /i, #5157 24~
48 h, NER @ HIEE(L D DEE, 0.25% Triton X-100
MR, 10% 1E 1 =F M3 B P 4R 5 Pk 25 & 67 R
c-myc PULAREF LR, PBS MUk, Cy3 bridEHt
/N IgG WA 1 h, PBS it Ja JL IR AR WA I 52
FFIUHL 534b, SRATAUETE NORI HiLAF1 OSCP #it
MK IN  J5E NORT 55 OSCP 76 A &0 11 bz 40
LA NP69 i b iRk B fr. okifagekbbrid
Z: W77 i Protocol #EAT.

1.2.5 B GL . ZoRi Ay B M S e 3L iiiE. R
Lipofectamine 2000 |5 i 4% %% pCMV-myc 7% 2 /4 il
pCMV-myc-NOR1 JFURL N S: W 41 il & 5-8F 41 ffd,
Bi g% 24~ 48 h JaeskaniE, Al PBS ERUEANNE 3 X,
RG¥e LT, ORI, S HOCEk[6])R
FHIRE W 25 BE BB R 250 V5 (0.25 mol/L B B
20 mmol/L HEPES-KOH, pH 7.5, 10 mmol/L KClI,
1.5 mmol/L MgCl,, 1 mmol/L EDTA, 1 mmol/L
EGTA, 1 mmol/L DTT, 0.1 mmol/L PMSF)% & £k
RARFIH R 41 7r 88 1, SDS-PAGE, Western blot
KHI c-mye B yE BEHTAKII NOR & F 7 HIIR £
R IE . HEI IR T VARG N, /) Bk
&, AR5 SCHK[7] SR H 20 mmol/L n-dodecyl-B-D-
maltopyranoside/PBS (1% lauryl maltoside) i 1 54 fi
LERifR, VK 30 min, 16 000 g 250> 30 min, H{ L
H, RAZRAEE, BCAVEEHATUERE, M
553 (100 pg) T He 2 Uiie. 43I anti-OSCP
FLTE B PR (2 mg/L) B A B E R /D W 1gG, 4T 1
B, AN 100 pul 5 %5 Bk B G-Plus-A £ F (protein
G-Plus-A) i B 1) Sepharose(Calchemical), 4°C #& K
P29 1 h, 3000 r/min 50> 5 min, FJ FH &k A
WD DTIEY 4 I, 3 000 r/min 5.0 5 min, 7
iE, UliE4 SDS-PAGE, Western blot KH c-myc
P T BT myc-NOR1 45 .
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2.1 BFERRMEMBERIEES

K HI Pyrobest DNA 24 i A A JIf fidi cDNA 3C
JE T 4 19 45 E1) NOR1 K PR 5¢ % JF 1% 5] 32 4 (open
reading frame, ORF), 1170 bp, P ¥4 7l 4% iy
Nde 1 F1 Sal 1 B VAL 11, 5 pGBKT7 #ARiE#,
ALK IAAT B IM109, HH3 TR Nde T F Sal T AL
MU0 %o, BHPETCREIE I P %, 45 REOR,
NOR1 ORF 5 GAL4 BD fli &, #4% il Th i 15 i
Ki, 4k pGBKT7-NORI. KgHa s i 1) s P 4844
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BATFE SIS YE, TR R 0 SO .
2.2 cDNA XERFIEFIPA M FERIEE

T 3L P BE X AR AT 07 16 N i W cDNA S, 71
SD/-Ade/-His/-Leu/-Trp 1~ L |- 3£ $k % 75 1 46 4>
Ade'/His" /Mell" 1% ve %, 3EAT 4 B-gal £l
320 21 M WO R ). o 13 Mk
HAL KA IM109 13y, k453 pray AD-Y Jiki,
¥ 13 4> pray AD-Y Uk 5 2 [ pGBKT7 Ji b L%
1k AH109 J& =2 & 41 iy, & T SD-Trp/-Leu 53
BgR, JEAT B-gal A, ForbAg 2 ML TR
WM, 1AAFEN, BT A S, iz
3IATERE ST . HA 10 AN v B Tk I 7 48
TAEIGUE A Igma 7 AR, Wk 1. I, e
% #| ) MT2A (metallothionein 2A) F1 OSCP

(oligomycin sensitivity conferring protein) i, % 4, 7% 4=
: ORF(open reading frame), 37 5 ML 70 B G
FEGRH I A ) — 3 20 DR

" . pGBKT7-53pGADT7-

Fig. 1 Clony-lift filter assay of positive
clones interactive with NOR1
Ade'/His'/Mell" clonies were picked and plated on SD/-Ade/-His/-Leuw/
-Trp plate, incubated in 30°C for 3 ~4 day. Replica plate was used to
clony-lift filter assay with X-gal. Blue clones (1 ~ 22) represent positive
clones. pGBKT7-53+pGADT-T is positive control for yeast two-hybrid

assay.

Table 1 BLAST results of 10 positive clones by screening human fetal brain ¢cDNA library with NOR1 as bait

Gene name Homology Encoded protein Clone numbers
MT2A(full length) 100% Metallothionein 2A 3
BPY2IP1(787~ 1059aa) 100% Homo sapiens BPY2 interacting protein 1 1
C2(129~752aa) 100% Complement component 2 1
CPE(395~ 446aa) 100% Carboxypeptidase E 1
OSCP(full length) 100% Oligomycin sensitivity conferring protein 1
ICAMS5(711~ 868aa) 100% Intercellular adhesion molecule 5, telencephalin 2
CRIM2(1187~1403aa) 100% Cysteine rich BMP regulator 2 (chordin-like) 1

23 NOR1 Rz F&H kS OSCP FEXRE
EF

i e 75 21 1) OSCP 45 12 &Rk ATP A i
PINE I, e T Rifk, XH/RFA] NORL A 1]
Al e 7 T2k fA. Wk I 5 4 pCMV-myc-NOR1
JIORE N SR g8 41 i 22 5-8F 40, 30 Jod 3¢ 5 B S
I BN i = S22 AR N T U A =g S I
SDS-PAGE. %% E1 i 45 X % 75, myc-NORI
(43 ku) [AI I RIE F MR SRk (8 2). A T HE:
M %L NORI 5 /275 @A T2k, FRATRM
Molecular Probe 2\ ) £k $i 44 4%k} MitoTracker Red
CMXRos Frich 1E 5 A S0 _F 57 40 iy 52 NP69 41 i &
FrAR, SR 5 I g% e GBS I A U5 PE NOR1
HEEAA BN RER, SR TR, NOR]I EH 5%

REARFR LS CAFAE W] B AE AL (8 3), BLHT NI
NORI # 12— AME TR E A,

Mito

Cyto

Fig. 2 Exogenous expressed NOR1 protein distributes
in mitochondria and cytoplasma
1 and 2 represent 5-8F cells transfected with empty vector pPCMV-myc
and pCMV-myc-NORI
Mitochondrial fraction; Cyto: Cytoplasma fraction. VDAC: Voltage

plasmid plasmid, respectively. Mito:

dependent anion channel; Tubulin: a-tubulin.
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NORI1 Mitochondrion

Merged

Fig. 3 Endogenous NORI1 protein locates in mitochondrion
NP69 cells were stained with MitoTracker Red CMXRos(red) for 45 min
at 37°C, then the cells were fixed. NORI protein was probed with rabbit
Anti-NOR1 primary antibody and Goat anti-rabbit IgG/FITC. Green
indicates the location of NORI1 protein expression. Red indicates the
location of mitochondrion. Yellow represents merged location of NOR1

protein and mitochondrion.

2.4 NOR1 5 OSCP E&AIAANAEREER
NORI1 # IR TEebifk, $#n WA R IE
H2s a4 & Lok, NOR1 H 45 OSCP fF 2 fi ik
WRAAEAERMNLS. A T S B RE AL AL 1 45
B, 4% pGBKT7-NOR1 5 pACT2-OSCP Jii ki
L AH109, [A] i LA pGBKT7-NORI + pACT2 Al
pGBKT7-NOR1 + pACT2-OSCP } H & %} #, Ll
pGBKT7-53 + pGADT7-T A FHVERIR . #r#64k 135
B SD/-Lew/-Trp *FHR, 30C K53% 3~5 K5 LW %
FAR >2 mm, B AL 7 PRk B TR VA S AR A
T SD/-Ade/-His/-Leu/-Trp/X-aGal, 30°C 1577 3~5 K,
45BN & 4 fi7n. pGBKT7-NORI 5 pACT2-OSCP
JFRL S 1) e AX F- e fE SD/-Ade/-His/-Leu/-Trp/
X-aGal FHEh A K, HogpedKitmg, 26,

Fig. 4 Specific yeast two-hybrid assay of
interaction between NOR1 and OSCP

The yeast cotransformants were striped onto SD/-Ade/-His/-Leu/-Trp/
X-a-Gal media, incubated in 30°C for 3~4 days. Blue clones represent
positive clones. A represent AH109 cells co-transformated with
pGBKT7-53 and pGADT7-T, which serve as positive control for yeast
two-hybrid assay; B represent AHI09 cells co-transformated with
pGBKT7-NORI and pACT2; C represent AH109 cells co-transformated
with pGBKT7-NOR1 and pACT2-OSCP; D represent AH109 cells
co-transformated with pGBKT7 and pACT2-OSCP.

Ifi pGBKT7-NORI1 +pACT2 Ll 2 pGBKT7-NOR1 +
PACT2-OSCP ¥4k FIIAREAETRIE R I 2B K, 3t
] NOR1 5 OSCP ¥ 71 % B vh A7 78 B H 7 e 1k
ACHAE. T E B R FLA A N A AL
HAEH, %K GFP-NORI Ji ki 5 myc-OSCP Ji
PR i L L HeLa 40, Sl 986 W23 P& A7
WA, 5 RCIRFHE (] 5a). BEJE A H
(] anti-NOR1 £ 5g FEPLAA S anti-OSCP H 5 [ HT 14
AT e SOk, I N UETE NOR1 5 OSCP
175 NP69 77 71 3% i 47 (Kl 5b),  $2& 7~ P Ui 1%

(@) GFP-NORI1 Myc-OSCP Merged

(b) NORI OSCP

Merged

Fig. 5 Co-localization of NOR1 with OSCP in cells
(a) Co-localization of exogenously expressed GFP-NORI and
Myc-OSCP in HeLa cells. (b) Co-localization of endogenous NOR1 with
OSCP in NP69 cells. Green shows the location of NORI protetin

expression. Red shows the location of OSCP protein expression. Yellow

indicates merged location of NOR1 protetin and OSCP protein.

NOR1 5 OSCP A MHN AL HAFH. AT
HE—2BUES2 NOR1 5 OSCP Z 1A A8 HAE & R 2E
TEL KRR, ¥4 5-8F il M gk I 4% %% pCMV-myc-
NORI JFfE, 7 Sclisk 2 P i 5 12500200 B alifh 2
Bidk, JH 1%Z 2051 /PBS Y Fl 2L i 4 bifh, b
PGB LRARE T, F anti-OSCP ¥ og B Pk T
Yo BV, KM c-mye P AK 75 B IE K D 2
myc-NOR1, 1ff H 1E % /N W 1gG Ui ¥ ¥ 4
pCMV-myc-NORI [FZe AR ZL DI NIAS g 7= E G s
YA 6). ERREILVITESHTH, AP ER
R, L, WACRH S E Rk, A
SE PRI ML B ORI T S i, BRIk, ARl
TR RIGA LA 1 OSCP 5 NOR1 &1, i
2 (A8 ELAE R R AR e Zeobigi . LR, b2i
K 1% ZERETE /PBS WA 2R LRk, %5 B
AT AT 3000 B LR RAR R S A5 B A 5 i 52 45 W) i
B0 Ll EZERAES], NORI 2 15 OSCP & 1 1E
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SRR AAE A HAEH, #2785 NOR1 A& A nf
BEZ 540 e B AC W . 2ok ik ATP & ik i
(Fo/F-ATPase, ATP synthase) X FK A &1L P W i 55
G v, TEEMTLERARNRL, A0SR
ABIBEREE,  7E A AR 38 4 22 ¢ JE 2L A1)
. Fo/F-ATPase FIA/K- N FE. 1EPERRAG I IR
0 e AR ZREL I R FE 2 — B R N R N
Marft,  Fo/F-ATPase i& 1 R T 50%~ 70%". )
4h, FolF\-ATPase Jif 1 N A1 /2 45 )1 40 f ) 5-Fu
i 24 ¥ JsL A1 02, OSCP J& ATP synthase — /> (1)
NV RN R 03190, DR R A5 5 R 2 o AU A T
FR Ak 1 15 44 . R B OSCP & [N 5 BUl% £F 40 i
Fo/F\-ATPase i PEE 2R, 76 IEH A KA N M LUAE
75U, NOR1 5 ] figiiik OSCP 5 Fo/F,-ATPase #H
ghitr, HERTHEEE S AR . B A 2

4l = NORI1 & K ik N 25k, 57T fE 4
i Fo/F\-ATPase ¥ 1, 51 5= 0 95 40 fu g 52 4R 1
EN

Input - +

IP: OSCP

IB: c-myc ‘
=

—IgG HC

—myc-NOR1(43 ku)

IB: OSCP

Fig. 6 Interaction between NOR1 and OSCP in
mitochondrion revealed by co-immunoprecipitation
Lysate of mitochondrion isolated from 5-8F cells transfected with
pCMV-myc-NOR1 were immunoprecipitated using mouse anti-OSCP
antibody or normal mouse IgG as negative control. The precipitated
proteins were subjected to immunoblot with mouse anti-c-myc or
anti-OSCP primary antibody. Myc-NORI1 protein co-immunoprecipitated
with OSCP protein. IgG HC and IgG LC represent mouse IgG heavy and

light chain, respectively.
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Screen and Identification of The Protein-protein Interactors of NOR1,
a Novel Gene Down-regulated in Nasopharyngeal Carcinoma”

XIANG Bo", WANG Li", YI Mei?”, OUYANG Jue?, LI Xia-Yu",
ZHANG Zu-Ping", LI Xiao-Ling", LT Gui-Yuan""
("Cancer research Institute of Central South University, Changsha 410078, China;
2Department of Dermatology, Xiangya Hospital of Central South University, Changsha 410078, China)

Abstract NORI is a novel nasopharyngeal carcinoma(NPC) associated gene. It is significantly down-regulated in
NPC cell line HNE1 and spontaneous NPC biopsies. Over-expression of NOR1 in HNEI cell line is effective to
inhibit HNE1 cell growth and proliferation. To establish a clearer picture of what the functions of NOR1 might be
and to identify cellular proteins that might bind to NORI1, a yeast two-hybrid screen was performed to search for
proteins that interact with NOR1. 10 positive clones which encoded for 7 polypeptides were successfully isolated.
Among these 7 candidate interaction proteins, one candidate was mitochondria ATP synthase subunit OSCP. NPC
cell line 5-8F cells were transfected with pCMV-myc-NOR1 plasmids, then the mitochondrial proteins and
cytoplasmic protein were isolated by cellular subftration and subjected to Western blot assay. The data showed that
myc-NORI1 protein distributes in mitochondrion and cytoplasm. Immunofluoresence assay also showed the
endogenous NORI protein co-localized with mitochondrion in human normal nasopharyngeal epithelial cells
NP69, which indicate that NOR1 is a novel mitochondrial protein. The interaction between NOR1 and OSCP was
confirmed by specific yeast two-hybrid assay, immunofluoresence co-localization and co-immunoprecipitation
assay. These primary work suggests NOR1 may be involved in energe metabolism.
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