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UBIAD1 & i3 #)# nNOS/NO iR 2B S ER SHE T /RS
R, AR, AW, HiET
(FPEG AN — E B 2 2F Rk, Kb 410011)

EE] BAY: G MEmas b i) 25 R M BRI, B FE T 545 (ischemia reperfusion injury, IRT)ZIR7T
BYOCHE . UbiA Z85 % #2 e 4h # 3 1 25 11 (UbiA prenyltransferase domain containing 1 protein, UBIAD1)Z2—JSHA7
ZRAEYEI RN, S 5EORRIT IS R . BRICI . AV, XS R 5 IRIA G, ARFRRT
UBIAD1 7Efi IRTH VE SR RIBLE . ik DU EUSCRT 28 40 97 (mouse neuroblastoma Neuro2a, N2a)4fi ffd A #ff
GEXTARE, b i AU R 5 T 1 (oxygen-glucose deprivation/reoxygenation, OGD/R)H, Llid 32 3K UBIADI 1915
TR RE AL YL N2a 4, #4 RS i 3258 UBIADT YUY, 55 135050 200K N2a 4 43 S 41 . R4 OGD Ab 3
(non-OGD)4 . £ OGD b ¥ 4 h 543 FRHEIE 0, 4. 12, 24 hel; 25 2 4505k N2a i i/ 6 41 . 1E# 4
(Con)+non-OGD 4 . % Y25 48 AR 4l g (EV) +non-OGD 41 . UBIADI i 2 35 411 i (OE)+non-OGD 41, Con+OGD 4b !
(OGD/R)4 . EV+OGD/R 41, OE+OGD/R 41 ; % 3 378 N2a 4434 8 4 : Con+non-OGD 4. OE+non-OGD 4 .
Con+non-OGD+NOS 45 53 4 111 1] 7] 7-fil§ JL 15| M (7-nitroindazole, 7-NI)Z{ . OE+non-OGD+7-NI#4], Con+OGD/R 4] .
OE+OGD/R#4 . Con+OGD/R+7-NI4 . OE+OGD/R+7-NI4H ., fdi FHIEOGIHE IR A4 B MR R BB 800, i
AN ARAFG AR T2, MTTEENAIIENG 17, Griess a{F &40 NO (9B, 4353 i real-time PCR F4E [ i [l
TEVEAG 40 i UBIADI . 43 Wb i A2 AT A2 55 125 1512 ATP Jii§ 1(secretory pathway Ca’*-ATPase isoform 1, SPCAl). NOS
) mRNA FIEE I8 K. &8 : S5non-OGD AL, ZOGD A4 h /5 0. 4. 12 24 h 94541 N2a 4l fif
o UBIADI mRNA FIZE [ T 2 ik /K F- 2 B 2 F 8(P<0.05 8 P<0.01), H FEERE) K, UBIADI Fik7KF T JHi#k
# . 5 ContOGD/R 41 . EV+OGD/R 4HAH ., OE+OGD/R 4 UBIADI mRNA F14E [ it 7 ik /K 44 W . | 3% (34 P<
0.01), AHMIIT R F[# 3 P<0.01), 4MHEHG B (3 P<0.01), F/RILRERED, SR RTEE, SPCAI
mRNA I (57235 7K 38 B F i34 P<0.05). OE+non-OGD 45 Cont+non-OGD 44 [, OE+OGD/R #H 5 Con+
OGD/R41AHLL, P42 NOS(endothelial NOS, eNOS) X i £ 6% NOS(neuronal NOS, nNOS) ) mRNA Fil [ )i %15
R 1E(P<0.05 5 P<0.01), NO & & #1y/(#4 P<0.01); Con+OGD/R+7-NI#H 5 Con+tOGD/R 404 L, OE+OGD/R+7-
NIZH 5 OE+OGD/R AR, NO & B4/ (3 P<0.01), N2a i T- %R F G P<0.01). £5i8: UBIADI a]Jf4%
YA OGD/R M), W38 OGD/R & i /R BRI RE,, HAILHI W BB 54 H nNOS/NO IR A K,

[REBIF] PR FETE; UbiA SR IR RE R LS M L SR Bl A eIy, m/R3EIR i ni A= 45
B T2 ATP 1; 4ol —E b A ABI/NO 1R
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ABSTRACT

Objective: Cerebral infarction is a subtype of stroke with high incidence and disability
rate. Ischemia reperfusion injury (IRI) is the key point of cerebral infarction treatment.
UbiA prenyltransferase domain containing 1 (UBIAD1) is a kind of enzyme with various
biological functions including electron transport in mitochondrial respiratory chain, lipid
metabolism, and oxidative stress which are related to IRI. The purpose of this study aims to
determine the neuroprotective effects and the underlying mechanisms of UBIADI1 in
cerebral IRI.

Methods: We employed oxygen-glucose deprivation/reoxygenation (OGD/R) model in
mouse neuroblastoma Neuro2a (N2a) cells to mimic cerebral IRI. Lentivirus vector over-
expressed UBIAD1 was transfacted into N2a cells to maintain high and stable expression
of UBIADI. In the first part of the experiment, N2a cells were divided into 5 groups: A
non-OGD (N2a cells without exposure to OGD) group, groups of reoxygenation 0, 4, 12
and 24 h after 4 h of OGD, respectively. In the second part of the experiment, N2a cells
were divided into 6 groups: A Con (normal cell)+non-OGD group, an EV (cell transfected
with empty vector)+non-OGD group, an OE (over-expressed UBIAD1)+non-OGD group, a
Con+OGD/R group, an EV+OGD/R group, and an OE+OGD/R group. In the third part, the
N2a cells were divided into 8 groups: A Con+non-OGD group, an OE+non-OGD group, a
Con+non-OGD-+nNOS inhibitior 7-nitroindazole (7-NI) group, an OE+non-OGD+7-NI
group, a ContOGD/R group, an OE+OGD/R group, a ContOGD/R+7-NI group, and an
OE+OGD/R+7-NI group. The morphological changes of Golgi apparatus were observed
under the confocal laser scanning microscope. The mRNA and protein levels of UBIADI,
secretory pathway Ca*-ATPase isoform 1 (SPCAI), and NOS were determined by real-time
PCR and Western blotting, respectively. Cell apoptosis rate was detected with flow
cytometry; cell viability was detected with MTT assay, and NO release was determined
with Griess assay.

Results: Compared with the non-OGD group, the expression levels of UBIADI mRNA and
protein in N2a cells in the groups of 0, 4, 12 and 24 h reoxygenation after OGD 4 h
decreased significantly (P<0.05 or P<0.01), and the longer the reoxygenation time, the
more significant the reduction of UBIADI expression. Compared with the Con+tOGD/R
group and the EV+OGD/R group, mRNA and protein levels of UBIADI and SPCAI were
increased (P<0.05 or P<0.01), the apoptosis rate was decreased (all P<0.01), and the cell
viability was increased (all P<0.01) in the OE+OGD/R group. The Golgi fragmentation
was less in the OE+OGD/R group than that in the Con+ OGD/R group and the EV+OGD/R
group. The mRNA and protein levels of endothelial NOS (eNOS) and neuronal NOS
(nNOS) were decreased (P<0.05 or P<0.01), and the level of NO was decreased (all P<
0.01) in the groups over-expressed UBIAD1 (OE+non-OGD group vs Con+tnon-OGD
group, OE+OGD/R group vs Con+OGD/R group). The level of NO and apoptosis rate of
N2a cells were decreased (all P<0.01) in the the groups pretreated with 7-NI (Con+OGD/
R+7-NI group vs Con+OGD/R group, OE+OGD/R+7-NI group vs OE+OGD/R group).
Conclusion: UBIADI] may exerts protective effects on OGD/R induced N2a cells by
ameliorating Golgi apparatus dysfunction via the nNOS/NO pathway.
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MR 0T A A v R R R A g, XA
FABREE AL TR B AE T, LT A R A I N
I AIRYT T SR RE I B, R H TR SRR
ST, (HAZ B0 R 6T S BR aiF mE A A BRI B
PRHETE S 2 A SR PR 4, A RAE S
SEALNI . AR AR . AR AT REEE L . 4 A
JHT A 2 A P AE S AR, AT — 20 i E AR A S
ARRADLA o PROHCR T B il PR T A BT, SR
ARBNRRIT A HE

UbiA 28 5 1% % B g 45 #9 80 1 2] 11 (UbiA
prenyltransferase domain containing 1 protein,
UBIAD)Z 514 24 L i BEE A2, 2T Ak 7 5
fiti Q10(coenzyme Q10, CoQI10)FI4E k% K2 A&,
T OCHERE, Z S IR SIS, UBIAD 7R
AN TR B 20 b 57 TS R A S 20 2, DT & #5248 [+
M PIRE o 7 TR N 8 A MG63 4 i N 5t ) [ Y
UBIADI A 38 o fie i 45 £ 52 A ) i 5 i Al 4 2 3R
K1 [ 4R 38 K2 R4t s s (0 T\ A I L S SR S2
A LA A 19 UBIAD1 X4 2 K2 1A il S ki
I W i H A% 3o 28 SC B 200 e N AN b B At i
B R A B UBIADI 8 2 5 55 /R 5L 16 5
CoQ10, HPIEZ KA CoQl0, Ffilit NO & IFH A
FEAEHIT. UBIADI BESY M WM 55 H 113 . 15
PR UL, K S 1 5 il FEE T O A
Ko APRE AT A B UBIAD HE5E 7 T/
B i1 25 96 200 L e (N 2a) 4 L 8 SR A4 oA JBi ) B ey
IRFEAA, H UBIADI i 3 ik 4 408 %) <5 71 9 11
(oxygen-glucose deprivation/reoxygenation, OGD/R)45
1 15 19 N2a 2 0 57 200 6 45 2 RE R i S 400 A 45 DA A
F o BIFFEPIE S B R Rk 5 T8) 78 5T 1 200 i 7l 3 sk 3
UBIADI #3155} N2a 411/l OGD/R it 4i & 4% 44 5/ i
A UL UBIADI BAT Z R A= W)# 2R, HAS5ME . I8
WEEEL . SRR Z A i 0 A8 45 D AH G

fo R AR AT o PR A B SR T RE L TR 4
WA 38 A2 1T H 45 B 1 F5 15 ATP [ 1(secretory pathway
Ca”"-ATPase isoform 1, SPCA1)E1E. F£iAH HGHE L
WIFEAES 5EANER N, I SLRK . B
PRI ST EME, fil & N AR 1 A 5 A
SEE NI FE A % B SPCATL T 7 32 S8 Ak 1y 38 Y
SR, SPCAL BATAEFFAGARAS | IR R X A B IRL
PR, R¥EMAO MiGeE. 1 bR, UBIADI

W25 RRIER CoQI0 5K, Jfilid NO KIH A L
YERT. NORYAEY G B2 NOS 52N . Fic 20 i Al
L ZUR I8 NOS 247 3 FplE A4 . # 28 5T &I NOS
(neuronal NOS, nNOS). W fZ % NOS(endothelial
NOS, eNOS). %53 NOS(inducible, iNOS), T2
FTE AR AL T A B S T RT3k, R4S 55 Fl4S
PR AR, SFRNEEAINOS, J5—Fh b AR
MY, 720 3z BRI Al K i 3R3k . nNOS figt

Ca® P& , B WL NO 52 Wi 4H J A1 3 15 82 1 3 i
(extracellular regulated protein kinases, ERK)#ik, i
IR IR (cyclic adenosine monophosphate, cAMP)
J2 W T 45 A #E 11 (cAMP responsive element binding
protein, CREB)#§f21k, CREB 1454 i #xt
IR IR AR K R AR Y TR
G A, AW LA N2a 40 i SE e x4, o
UBIADI J& & il 47 SPCA1 ik, MIMiFEMT nNOS/
NOGH I, WK, BRI ER .

1 #R57FE

1.1 ##

N2a 2 Jifl 1) T~ 55 [E 8 235 52 W) 46 47 P (American
Type Culture Collection, ATCC), & 1% 75 8 K/
RS R LY DMEM o i 8% 77 3 (5 10% fR 4 1L3F)
1E37 'C. 5% CO, By M AN EE H IR AR h 57

MTT, REEME . 11EPi %R 1eG bt . IHEPTR
IgG i . FOLEPRICH LR IgG —hi. 4.,6-—
Jik 3 -2- 2K 3 m5] Mg (4', 6-diamidino-2-phenylindole,
DAPDI A 35 Sigma A F] 5 45 RNA $2HUA 7 &
W H R AR L) A RA R TRIzol, &R
T bR Marker 14 [ 32 Invitrogen 23 ) ; RIPA %4
fift R . BCAIRFI & . NOAIMIAFI & . Griessidil &
W AL R = RAEYH AR A A5 SYBR Green PCR
Master Mix Il [ 55 [E Applied Biosystems /A ) ; [ f%
SR —HE cDNA & BRG] & . RNA I HI57 . DNA
fiff 1 1 52K Fermentas A 7] ; L 5E PR UBIADI
W F 92 [E GeneTex 24 F] ;5 . v P& $T /& SPCAL.
GM130 g H 2 [ Proteintech 2 7] ; A 78 [ 41 1A
eNOS. iNOS Il [ ¥ [H] Abcam 2> ] ; ¥ 72 [ i 1A
nNOS g | 22 Bioss Al ;. HLri FET{/A GAPDH W H
F:[E SANTA A 7l Annexin V-FICT/PLJH 1 KR 5]
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0 H 32 [E Mbchem A H] ;1 %3k UBIAD1 1805
(LV5-/NELUUBIAD D) H J5 M 5 BRI R 5 7-fif 2 ng e
(7-nitroindazole, 7-ND)IW H I35 9k 4= ¥ BL 4 A BR

NG

1.2 OGD/R

AT ] OGD/R SR A AL P 1 ke 1 P08 12
. LAJOHER) D-Hanks’ s -5 Eh s 2R 2 b
RFRdk, JEmIE &N A 95% N, Hi15% CO, MR A
SIS, B P & 37 “CH NG
BE R E R RS FR 46 . N2a i i 7E 00 21 25 (oxygen-
glucose deprivation, OGD)H% ] 25 %% N5 7% 4 h J5 1K
BHEEAAEE, F¥JOWE D-Hank* s -7 £5 75 W02 4
BTEEE A 10% R4 1L I DMEM m i 7R, 98
Ja RO 37 “CH AN FE A E IR 5 748
FRARE S0 o 2 A AR S35 55 0, 4. 12 )24 h, i
B 305 P S 6 i [) s AR 7 i 2 S

1.3 MTT %

K MTT 346 0 240 B 36 7 o 45 2 240 Ak 3 50 52
JE LI 10 uL MTT(5 /L), K4 i 55 35 M 58T
A 37 CHRRR B M TR S F2 4 h i E 4 h, (EMTT
WO HE, W BT, A DMSO I FHZK -2
IREES), (B e . AR {XAE 570 nm i Kb K
M EALBOCEE, SRR ERE 3K,

1.4 Real-time PCR

fifi ] TRIzol 42 HU N2a 21 i (1 5L RNA, £l RNA
) 4l 5 i sg 2 P . i SYBR Green PCR Master Mix
iR ) & B & PCR WK & . 7E ABI 7900 real-time
PCRAY A7 BBy, V504 95 “CHZEM: 5 min;
94 CAFE20s; 72 “CiB k20 s; 72 ‘CHEf# 5 min, It
40MEFR . BIYIGEE Dl LA TAY TR ARG R
RS R BURY IS TE IR DOUE S, TSNS R G
PEAT R A 2 2 M 5 A 0 SR A L B9 e, DA
GAPDH H WS TG EFE 73BT o

1.5 EARENTE

fifi I RIPA 24 R 24 f A AL, $REECN2a 20 Jf 1) A5
TS FH BCA VXA I BTk 7 it A H 2 1
i1 7 SDS-PAGE /3 &%, % PVDF i -, ZE4 4k
PRS0 A0 A PR TE BEBUAR UBIADI(1:1 000), SPCA1
(1:500), eNOS(1:400). nNOS(1:400). iNOS(1:200).
GAPDH(1:800), 74 CFW &R, Ve mALL
FP % 1gG P (1:4 000) 5 1 2 1 B 1gG Pt (1:
8000), 7EZEIR FWFE 2 h, PIEG KA ECLiLH &
B3 . 12 H Gel prod.0 %E J 6% B 43 B 35 44 53 Bt 25

R, THA & Al B4 Ot % X {H (integrated optical
density, 10D),

1.6 XA

i F Annexin V-FICT/PI i T & I 32 77 & 46
N2a 4 I T8 B . FH 0.25% BB S AL 4 i, IF
AT R RS T, L300 r/min 5.0 5~10 min;
HHE (4 °C)I) 1xPBS YEEANME, FLA300 r/min &>
5~10 min, DL E#RAERESR 20, H 100 pL 40P &
NS AT 1 400 pL 1x45G Z2ohif s SRS
A 5 uL Annexin V- 5 fiii & R % Jt & (fluorescein
isothiocyanate, FITC) Fl1 5 uL flt £k 7§ i (propidium
iodide,PI), RRIRS); E=M . #LAM FIE 5~
15 min, JECHIAEACKN . 33 FITC 3838 (FL1) A
Annexin V-FITC &g 5 ; 83 P1IE i (FL3) k)
PLWL A5, RS EE 3 IRIBCEBIE . Pt
ZEAMCH) Annexin V A1 PLIF 400 2EA T XL 4, Al (X 43
FETE AN R R T A M L G T A RN IR B A
Ml B BT o AN RIR, 22 F G BRRR AT A
ML, A FRRAERWE T aiM, 4 LRk
WA T ZIRFEAIE.

#*1 Real-time PCR3|#1F 7

Table 1 Primer sequences of real-time PCR

R E
K/IMbp
UBIADI iFJi: GGCCATTCTCCATTCCAACA 183
Sl : GCCAGCCTCTCGGTCAGA
SPCAI  1E[: TCAGATGTGGCAAAGCAAAG 191
Sl : TAACCAGCCAACCAACATGA
eNOS  iF[i]: TCAGCCATCACAGTGTTCCC 87
S : ATAGCCCGCATAGCGTATCAG
nNOS  1E[]: CCCAACGTCATTTCTGTCCGT 182
Sl : TCTACCAGGGGCCGATCATT
iNOS  iElil: CACCTTGGAGTTCACCCAGT 170
S : ACCACTCGTACTTGGGATGC
UBIADI: UbiA 25 a5 4 R4t 1 4195 SPCAL:
Ay ARG HE 45 B F-45 15 ATP i 1; eNOS: N i #I NOS;
nNOS: #ZILHNOS; iNOS: HFAINOS,

A 51YIF5(5'-3")

1.7 tBREEL

W N2a 20 M B2 FP 1 24 FLAR B R
37 °C. 5%CO, fEiREFRF P IR, Franiik
B2 50% Al G BT HEA TR Y . HU 24 FLAR, SR REA
Brgedk, AL 5 pg/mL BRI 5 4 5 F L 1 TR
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BWO0.5 mL, MIA R BERR L (132 %5 UBIAD1 1Y
2R #(LVS-/) iU UBIAD1) /B % N2a 41 it . K 20 i i
BIREFRFA T, 8~12 h e WA, By 48~96 h)5,
FH S B8 96 Ot 1 B B K I 4% €8 9% % B I (green
fluorescent protein, GFP) [ 14 3k PRl A% 9 75 2 38 1% 0,
FEHf0 R S AR Y [ AR TR . AR SR AL 6 41
EH 41 il (Con)+ K £ OGD 4k ¥ (non-OGD)2H | %% Yt
23 ARG MI(EV)+non-OGD 4 . UBIADI i #6541 i
(OE)+non-OGD 2l . Con+%£: OGD/R Ab#(OGD/R)4H .
EV+OGD/R41. OE+OGD/R 4.

1.8 RERHLE

TE 6 FLAR /NG B 3G 8% Fr, HERh N2a 4l %5 6
LRI TR SR . 0B e ST T 28 4% VP I 1 5 Y
FE 20 min J5 FH SR T4 H PBS(0.01 mol/L) ¥ 41 i
A3, BERS ming JEINE R L2EM0E B AW, 7E
T B 20 min J5 R 2K TN GMI130 4t
4(1:100)50 pL, 7E4 CTFFELEI; HIPBS(0.01 mol/L)
VRSN 3, AR5 ming TEINZSOEEFRICHIL
FPi1gG —Pr 50 pL, FEE IR T RO HCE 40 min;
FHPBS(0.01 mol/L)VE %40 7 3 ¥k, AR S min; H
DAPI & 440 if4% 5 min; F PBS(0.01 mol/L)JE 44N
F3 W, BEIRS ming FE RO R W
(LeicaTCS-SP5 Bl FEE | RAEFLAFEIL

1.9 NO & =H)iNE
it —A5E UBIADI ROYEHHMLE,, FH nNOS %%

0.08

OGD/R
non-OGD Oh  4h 12h 24h

UBIADI/GAPDH

SEPEFI I F) 7-NI T4 N2a 40 i1 (100 pmol/L, 24 h),
YIS 841 . Contnon-OGD(A1)4] . OE+non-OGD
(A2)4] . Con+non-OGD+7-NI(A3)#1 . OE+non-OGD
ZH +7-NI(A4) ZH . Con+OGD/R #H (B1), OE+OGD/R
(B2)4H . Con+OGD/R+7-NI(B3)4H . OE+OGD/R+7-NI
(B4H)4H..

K Griess {0 AT NO i . # BRI 1525
BRUEATHAEAE 540 nm A< ARI G 25 FEA WG EE (A,
FEAEACKT I 3 52 AL o MR AR A DN 235 SR A s o A it
2, THENO & 5t (4 MU A NO & fa/4H M A i 25
JREYHEE), B A pmol/mg & .

1.10 SEitEAbE

K H SPSS 23.0 A4 1223 Hr o Bds FHE %+
PRl (ats) Frn . AL LU e KR 56, 24 R 254K
Fb A B R 2 2250 HT (one-way ANOVA)., P<0.05 %
INESAGIFRE L,

24 B

2.1 OGD/R T N2a 4HfE A UBIAD1 &i% K540

5 K47 OGD 4k 3 (non-OGD)4 A ., 22 OGD 4k
P4 hJGFEEE 0, 4. 12 K 24 h (K45 4 N2a 4 Jiig
UBIADI mRNA Fl 8 [ Jit 3% 35 7K V- ¥ W 5 1 9 (P<
0.05 1% P<0.01, 1), HF#EREK, UBIADI
FIRIKE TR . BERE 12 h R 5 2250 i 7
VA ]

UBIADI mRNA level

OGD/R A

Bl 1 OGD/RJ5N2a#f UBIADI K mRNA F1 % A R RIA K F L
Figure 1 Comparison of mRNA and protein expression levels of UBIAD1 in N2a cells after OGD/R

A: UBIADI protein expression levels determined with Western blotting; B: UBIAD1 mRNA expression levels determined with real-
time PCR. *P<0.05, **P<0.01 vs the non-OGD group. OGD/R: Oxygen-glucose deprivation/reoxygenation; UBIADI1: UbiA

prenyltransferase domain containing 1 protein.

2.2 3% UBIAD1E %2 N2a ZAfE A OGD/R 15
B 15 BN 25 (] 2A) Fll real-time PCR(JX] 2B)2%
B~ 18 UBIADI A N2a 4 fifd 5 1F 7 i Yeas

1A 1 N2a 48 jfd #H Lt (OE+OGD/R 4H vs Cont+OGD/R ZH
8 EV+OGD/R 4, OE+non-OGD #H vs Con-+non-OGD
#H 5}, EV+non-OGD 4), UBIADI mRNA F17& [ Jfi %
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KRR R (3 P<0.01).

MM A LS (K 2C) s . 47 OGD/R AL FH )
N2a 4 g 55 A 4% %2 OGD 4b # 1Y) N2a 41 g # Lt (OE+
OGD/R 2 vs OE+non-OGD 4 . Con+OGD/R 4 vs
Con+non-OGD 2 . EV+OGD/R ZH vs EV+non-OGD
4y, Mg TR B B (3 P<0.01); 5 Cont
OGD/R 41 EV+OGD/R ZH Ak, OE+OGD/R 41 ity
I T 244 i 3 AR (14 P<0.01), 1] Con+OGD/R 41 5
EV+OGD/R A Z [H 4l i T % 2 7 B & it B X

0.20
w & 015
eE
Yo
== 010

1 2 3 4 5 6 5
UBIAD1 [T==—= - —_ ~ 8 005
GAPDH
0
o 1n4_Contnon-OGD o 104 EYHnon-OGD
< 10 2 10
2 10° 2 10°
2 2
g0} " E 10°
2 10t ’ 2 10t ‘
R ] Ml R ol 2
& 10° 100 102 10° 104 &~ 10° 10" 10° 10° 10
Annexin V-FITC Annexin V-FITC
2 10° Cont+OGD/R © 10 EV+OGD/R
B 10°} B 10°}
2 10} ( 2 10t (
] .. T il N
&~ 100 10" 107 10° 104 A~ 100 10" 102 10° 10

Annexin V-FITC Annexin V-FITC

0.6

0.4

0.2

MTT OD value

0

2 151k UBIAD1 R %R N2a ZHAf OGD/R {5

Propodium lodide

Propodium lodide

(P>0.05).

MTT 25 5 (& 2D) i 7~ : Con+OGD/R 41 5j Con+
non-OGD 4 AH I, EV+OGD/R 415 EV+non-OGD 4
HEC, 40 M 7 W R (24 P<0.01); {H OE+
OGD/R # 5 OE+non-OGD A b, ZHfE J1 24 5k
Giit2fE L (P>0.05); 5 Con+tOGD/R £ 5{ EV+OGD/
R, OE+OGD/R ZH 401G 77 340 38 in (44 P<
0.01), ifii Con+OGD/R 415 EV+OGD/R 42 [i] i i3 i
N ERTG I E L(P>0.05).

3_
o)
3
<
Z
a4
E
)
2
S
10° OE+non-OGD
103+ 20
102t
]01_ ’ c\c TTII’H‘§§
100 —— . 3
10° 10" 102 10° 104 €
Annexin V-FITC §
, OE+OGDR g
10 a
10°F =
102}
o| of
0

0 i . .
10° 10" 10* 10° 10*
Annexin V-FITC

155188

Figure 2 Overexpressed UBIAD1 ameliorated OGD/R injury in N2a cells
A: UBIADI protein expression levels determined with Western blotting after transfection with overexpressing plasmid; B: UBIAD1

mRNA expression levels determined with real-time PCR after transfection with overexpressing plasmid; C: Cell apoptosis
determined with flow cytometry; D: Cell viability determined with MTT assay. 1: Con+non-OGD; 2: EV+non-OGD; 3: OE+non-
OGD; 4: ContOGD/R; 5: EV+OGD/R; 6: OE+OGD/R. **P<0.01 vs the OE+non-OGD group; 11P<0.01 vs the OE+OGD/R group;
11P<0.01 vs the Contnon-OGD group; §§P<0.01 vs the EV+non-OGD group. OGD/R: Oxygen-glucose deprivation/reoxygenation;

UBIADI: UbiA prenyltransferase domain containing 1 protein.
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Figure 3 Over-expressed UBIAD1 ameliorated Golgi stress in N2a cells after OGD/R

A: Morphology of Golgi apparatus detected by GM130 staining under confocal laser scanning microscopy, scale bar=10 pum; B:
SPCA1 protein expression levels determined by Western blotting; C: SPCA1 mRNA expression levels determined by real-time PCR.
1: Con +non-OGD; 2: EV+non-OGD; 3: OE+non-OGD; 4: ContOGD/R; 5: EV+OGD/R; 6: OE+OGD/R. *P<0.05, **P<0.01 vs
the OE+non-OGD group; 1P<0.05 vs the OE+OGD/R group; $P<0.05, 11P<0.01 vs the Contnon-OGD group; §P<0.05, §§P<0.01
vs the EV+non-OGD group. OGD/R: Oxygen-glucose deprivation/reoxygenation; UBIAD1: UbiA prenyltransferase domain

containing 1 protein.
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Figure 4 Over-expressed UBIAD1 down-regulated the mRNA and protein expression nNOS in N2a cells after OGD/R

A-D: Histogram showing the mRNA and protein expression of eNOS (A), nNOS (B), iNOS (C), and SPCA1 (D); E: Electrophoregram
showing the protein expression of eNOS, nNOS, iNOS, and SPCA1. Al: Con+tnon-OGDj; A2: OE+non-OGD; A3: Con+non-OGD+
7-NI; A4: OE+non-OGD+7-NI; B1: Con+tOGD/R; B2: OE+OGD/R; B3: Cont+tOGD/R+7-NI; B4: OE+OGD/R+7-NI. *P<0.05, **P<
0.01 vs the Group Al; 1P<0.05, 11P<0.01 vs the Group A2; 1P<0.05, $11P<0.01 vs the Group A3; §P<0.05, §§P<0.01 vs the Group
A4; P<0.05, §9P<0.01 vs the Group B1; I1P<0.05, I1P<0.01 vs the Group B3; #P<0.05, ##P<0.01 vs the Group B2.0OGD/R: Oxygen-
glucose deprivation/reoxygenation; UBIADI: UbiA prenyltransferase domain containing 1 protein; eNOS: Endothelial nitric oxide

synthase; nNOS: Neuronal nitric oxide synthase; iNOS: Inducible nitric oxide synthase; 7-NI: 7-nitroindazole.
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Figure 5 UBIADI reduced OGD/R induced N2a cell injury through down-regulation of the nNOS/NO pathway

A and B: Cell apoptosis determined by flow cytometry assay; C: NO release of N2a cells. Al: Con+non-OGD; A2: OE+non-OGD;
A3: Con+non-OGD+7-NI; A4: OE+non-OGD+7-NI; B1: Con+tOGD/R; B2: OE+OGD/R; B3: Con+tOGD/R+7-NI; B4: OE+OGD/
R+7-NI. *P<0.05, **P<0.01 vs the Group Al; $P<0.05, 11P<0.01 vs the Group A2; £P<0.05, $11P<0.01 vs the Group A3; §P<0.05,
§§P<0.01 vs the Group A4; §P<0.05, 94P<0.01 vs the Group B1; 1P<0.05, I1P<0.01 vs the Group B3; #<0.05, ##P<0.01 vs the
Group B2. OGD/R: Oxygen-glucose deprivation/reoxygenation, UBIADI1: UbiA prenyltransferase domain containing 1 protein;

nNOS: Neuronal nitric oxide synthase; 7-NI: 7-nitroindazole.
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Figure 6 Role of UBIADI1 in reducing OGD/R damage and the underlying mechanism

UBIDAL: UbiA prenyltransferase domain containing 1 protein; SPCA1: Secretory pathway Ca**-ATPase isoform 1; CoQI10:
Coenzyme Q10; OGD/R: Oxygen-glucose deprivation/reoxygenation; nNOS: Neuronal NOS; eNOS: Endothelial NOS.
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