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Abstract To provide a research basis for gene therapy of Leigh syndrome caused by mitochondrial com-
plex I gene mutation, this study explored the therapeutic effect of transducing yeast NDII gene on the mitochondrial
NDI gene mutation in a cell model of Leigh syndrome. It is known that m.3697G>A mutation in ND/ gene of mi-
tochondrial complex I is one of the pathogenic mutations of Leigh syndrome. In this study, the established cybrids
carrying the NDI gene mutation were used as the cell model of Leigh syndrome with mitochondrial complex I gene

mutation. The recombinant lentivirus containing the yeast ND/I gene was transduced into the cell model. The res-
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cued effect of expressed NDI1 protein (namely yeast complex I) on all aspects of mitochondrial complex I functions

were examined. NDI1 protein was highly expressed and localized in the mitochondria after NDI/I gene being trans-

duced into the cell model. Transduction of NDII gene restored complex I enzyme activity (compensation by the ex-

ogenous yeast complex I), mitochondria-related oxygen consumption level, mitochondrial coupling efficiency, and

mitochondria-related ATP level, and reduced mitochondrial oxidative stress and mitophagy level. In the cell model

of Leigh syndrome with mitochondrial complex I gene mutation, yeast complex I can compensate the defective oxi-

dative phosphorylation of mitochondria, and relieve mitochondrial oxidative stress and autophagic state. The results

of this study may provide a basis for the gene therapy of Leigh syndrome caused by mutations in the mitochondrial

complex I genes.
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A the structure of the recombinant lentivirus vector to expressing ND/I. B: GFP (NDI1) positive cells detected by flow cytometry analysis. C: HA (NDI1)

level detected by Western blot analysis. D: co-localization of Mito Tracker and HA (NDI1) detected by confocal microscopy. Mito Tracker (red) indi-
cates mitochondria, HA (green) indicates HA (NDI1) protein, and DAPI (blue) indicates the nucleus.
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Fig.1 The expression and subcellular localization of NDI1 in NDII-transduced cell model with complex I gene mutation
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Fig.2 The enzymatic activity of complex I in NDII-transduced cell model with complex I gene mutation
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Fig.3 The oxygen consumption level in VNDII-transduced cell model with complex I gene mutation
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Fig.4 ATP level in NDI1-transduced cell model with complex I gene mutation

I SR PR ) PR 925 1) 2R (respiratory control
rate, RCR) At 92 il % (leakage control rate, LCR)
PRS2 R AR B 2% . RCR(LA Base/Oligo-resistant
THED), RZRLAATP A BB IR CR (K3B), KA
RCR#EEHE A 2 25 [ (P<0.01), 58748 +NDI14L5%¢
RAFIH R 2 T (P<0.05) BB IR o i % 2= 57 .
LCR(LA Oligo-resistant/FCCP 115, AR i Filitj %
(K13C), RARH LCREU B ZH 2 2 T 151 (P<0.01), R
AR +NDI1ZH AR AR 2 1 2 [ 1K (P<0.05) HAUuf 41
TREER.

IRGE IR, B A Dk R SR 40 H A A g
A FE . BRI O 1) S8 UFE LA R R AR AR R e 45
RN, NDITT)S5 NTT LU 20 A (1 B AR S8R . Bk i
PN EN AV EE R IR LN Y SV ES SRS = IENT /
2.4 NDIALURE E & HFIERFERTMERE R
ATP7K

AR A ) JE AR ATP A 800 R4 T 2% T 1%
(P<0.05), RAF+NDI1ZH ¢ R AR 41 2 25 T 51 (P<0.01)
HBO 2 T B35 72 7 (14 A Base) »

9T W FC LR AR AL B85 TR A X ATP ™ & 1) Tt
HRFE S, DL Baseff 93 2% Oligo-resistant{H £ i Oligo-
sensitive[JATP ¥ . RACHN 558 R BURM ATP &
RO B 4] 5 BRI (P<0.001), 2848 +NDI1ZH# R
A2 5 25 T (P<0.001) HA8 o R 41 0 I8 25 22 7+ (I
4A ™ Oligo-sensitive)o RALL XS 55 7 2 BUR ¥ ATP
O 1 ) LA Aot R 2H 4B 2 IR (P<0.01), RAZ+NDI1

I AR B TR (P<0.01) HLE o R4 T 2% %
5+(Kl4B).

SEIRL R, AR T IR 98 A8 41 A5 7R ) R AR
ATPH . ZRRIKE 1) ATP S & R F%, # 5 NDII
AT DU E P FE A ATP S B 2R ki 52 1) ATP
HREIEHKT,

2.5 NDUAILIERESFIERERTHMMIERT
54 RES=REAND |

FRAF I LR A FR ROS /KP4 6 IR 21 56 3% T v
(P<0.001), Z4% +NDI14H 55 AR 2H {2 2 B4 (P<0.001)
HIAT R FAK (P<0.001)(E15). 45K, EE1T
5 R AR A MRS [ 2 A S8 A K P38 w51, NDIT
FR- 5 N RE fil 2 7 AR SR K ST BRI 28 EL IE 5 441
BRI
2.6 NDIAILIERE S HIERERTHMMIERR
LR A 5 IEK T

LC32 HRMbrEEEH, LC3-115 S LC3 &
1119 b A3 o D) 3R s L W K P e v o 0 5 R R A
Ja FEELZR AR B, (1 3E4T Western blot(F 6A). &AL
Ja 5L LC3-ITEL ] (1 6B), 2845 2H LC3-11H 555 X6
FEZH 2 25 38 0 (P<0.05), RAF +NDITAH KR RARA |
SIRAB LR EER . dRRW, G &R
P W KT 365, % S RENDII T DL 4y PR 2 hr
NELV SN

3 Wit
BTt A AT 3 TR 1 A2 3



VLR 9 45: B1 0T 2ok id 2 S AR IR IR SR AR ) LeighZ & i 40 M B2 7R O JE AR T T 7 759

e |
100+ Heskok sk
I
g
2 60
15)
5]
%)
S a0
Gt
5
=
= 20—
0= T T
D X N
& & >
& & 9
& ¥ &
&
@0

MFL: P56 L. +##P<0.001.
MFI: mean fluorescence intensity. ***P<0.001.
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Fig.5 Mitochondrial ROS level in NDI1-transduced cell model with complex I gene mutation
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A: LC3-I and LC3-II levels in mitochondria were detected by Western blot, with VDAC as the internal control. B: the analysis of the proportion of

LC3-II to total LC3 in mitochondria. ns: no significant difference, *P<0.05.
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Fig.6 Mitophagy level in NDI1-transduced cell model with complex I gene mutation
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