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WE T RKIEARAEIEARE G KL 18(mitochondrial ribosomal proteins L18, MRPLIS)
H R LT Bk B F B fa it (MING) &b AR b= Kt 09 %5 om , 2 AR AR 1R R S A-F 49 MR-
PL18 shRNA4FFM4FHMRPLISHAF , #)3 MRPLISH B Ik &L 9 MIN6 A2 A, Real-time PCR
F= Western blot4& ] #.57 & MRPL18 mRNAF= & € 7 69 & A . X 00 ) 4m it 7% 4 R
(reactive oxygen species, ROS)/K-F T 1k, & DA Y i RPUE M @I KF Rk fe. SHORAAE
AN M LATP. ADPF=AMPE 2. £ R ET: 4 3 MRPL18-shRNA/Z, MRPL18 mRNAF=% & /it
FIRH) R FEAK(P<0.05. P<0.01), 20 ROSH A 3 (P<0.05); o/ 8FE% . HakeR . &KX
B ANk &F R AL A B E K, F) B ATP = 24 R T R4 Y (P<0.05. P<0.01). @@/ ATP&E A4
PR AR Y , ADPARAMPA-& 2 238 51 (P<0.05. P<0.01). E5E T MRPLISA R %k TR/ @
FRE AT RSERF, N MRPL1SAZ & m AR 6409 K AL R & i, 2% 4 £ Rtz
KAREZ AR . MRPLISE AT P 5 69 XAAR ) R85 69 MIN6 2w JRAE AL | =T A T K AatkAE
Fk g KA 4T AH] 6 A5
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Effect of Lentivirus Expressing MRPL18 shRNA on Mitochondrial
Energy Metabolism of MING6 Cells

Shi Mengru, Chen Lin, Zhou Linshuang, Yang Yu, Lii Jianxin, Li Wei*

(School of Laboratory Medicine and Life Science, Wenzhou Medical University, Zhejiang Provincial Key Laboratory of Medical
Genetics, Wenzhou 325035, China)

Abstract The effects of lentivirus expressing mitochondrial ribosomal protein L18 (MRPL18) shRNA on
mitochondrial energy metabolism of MING6 cells were observed in this study. MRPLI8 gene low-expressing MIN6
cell models were established using lentivirus expressing MRPLI8 shRNA. The expressions of MRPL18 mRNA and
protein in MING cells were detected by Real-time PCR and Western blot. Flow cytometric analysis was used to detect
the reactive oxygen species (ROS) in MING cells. The Seahorse XF96 Extracellular Flux Analyser was used to evalu-
ate cell mitochondrial function. The contents of ATP, ADP and AMP in cells were detected by high-performance liquid
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chromatography (HPLC). Compared with control group, the mRNA and protein expressions of MRPL18 decreased
significantly in MRPL18-shRNA group (P<0.05, P<0.01), and there was no significant difference between control
group and MRPL18-NC group. After MRPL 1S interference, the cellular ROS increased significantly (P<0.05), while
the basal respiratory capacity, maximal respiratory capacity, pare respiratory capacity and proton leak, ATP content and
energy charge (EC) in cells decreased significantly (P<0.05, P<0.01) compared with control group. Meanwhile, the
content of ADP and AMP increased significantly (P<0.05, P<0.01). The results proved that there were intracellular
metabolism disorders after down-regulation of MRPLI8. MRPL18 might play an important role in energy metabolism

that maintain the mitochondrial function. MING6 cell models with mitochondrial dysfunction caused by down-regula-

tion of MRPL18 gene can be used to clarify the mechanism of mitochondrial diabetes mellitus.
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¥ /R (diabetes mellitus, DM) & —Ff F £ F
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federation, IDF)TR T, 20504 4> B0 JR i #5414
B3840 W PRI A Ak o I A A A IR 2 5 T
B = O™ B N SIS A RN A A IR I, %2
e S Tz

ZRORLAA T 21 AR P 25 1 RO AR L, B AR
EAME T, e T EEEZEH. Bl
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M Thie, NMsZmREitass. T+ 24k, 4k
W T e 5 0 PR i S HG I RORE B 9K 2R 1E 38 i 52 31| Ok
7. ZKiA DNA(mitochondrial DNA, mtDNA)Zifig
130 2 5 R FACBE IR A S5 B IR B 1 I, IR e
T E 2807 A TS o P 1 2 67 A4 A% B 4 (mitochondrial
ribosome) LB PE S il . mtDNA )R IE T & ™ 8
TR L H A B, 5] R A A LB R 1 Th
REfRNG, HEM 2 5 MERIT YRR . BRI &
i 98T S A R A T ) AR ) 2R RAR R BE AR ER
(mitochondrial ribosomal proteins, MRPs){f A2k i {4
R B ), A AT AR — Pl R A AR Bk 2K
o> jom 2R AR B H A B, A 1T Re S B Ak ik
JEHLAL MR, J5 T4 (reactive oxygen species, ROS)
W2 AR EA R, G RER N & AR RS,
b T T EOE PR I R AR M R SIS = AT AT R
R BRI R ARG B 1 AR A X e A 2 XD 52 1) ™ P
Ft, I AR RS AR I, RIS R B R

mitochondrial ribosomal protein L18; lentivirus; RNA interference; mitochondrial energy me-

SRS h TN N W 7 e Vi DRV R LN 79 KN
85 H K WE % 18(mitochondrial ribosomal protein L18,
MRPLI8)FEN LI AR, JERMRPLISHE: A ik
RIS e 5 HE & 5 AR & mIBUA A O . 12
B b, AR SRR RN AT 377 7540 1) /)N 5
5 Z R 41 (mouse insulinoma, MIN6) MRPL 8% [
IS, MELAHMI ROS/K Y-+ Bk A IFIR 5 DL A RE
AU ATP IR L, AT B MRPL 1 STE4EFFHL
A REEACH T EIVER, JFE— AR MRPLISTERE IR
I KA R R ) 43 LA

| MRS

1.1 FEMHR

111 Etk. FAfetm i 2 K B B Pk
StbI3. & eGFPH 5 3K 1) psiHIV-H1 MRPL18
shRN A1 5 B 28 128 o RL A1 14 X B T fE (Catalog
No.MSH034267-HIVH1) LA J 159 2 40 3% il ) &
Lenti-pacTM HIV Expression packaging kit?JJ H /)™
N REREA A R AR . MIN6FEF 293 T4H MU Pk i A<
S ORAF

112 ZZAMAME  SYBR” Green IZPCRIA
#. MRPL185| ¥4 B-actin 5| I [ & 49 T2 (K
) A B~ ] ; MRPLIS/N BB HTFED A BARBEAR
e 134T % 1gG(H+L)W H Santa Cruz Biotechnology
AT ; GAPDH/N BB ve FEHUAR . BARBEAR iC 1L =F
U IgG(H+L). HER -HERKN. A V55
. MR B gE M A B 2B B R AR BT
FUHT ; AR 2FII5E T H 42 [F Biochrom A 7 ; Opti-MEM
R 72 H N TrizolMd H Invitrogen /A @) 5 1895 75 £ 2%
7 & (Lenti-Pac™ HIV Expression packaging kit)4
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E GeneCopoeiaa ) ; S Hti% (Polybrene). A iR
. FERE R T (carbonyl cyanide-4-trifluoro
methoxy phenyl hydrazone, FCCP). £ i li 1 i 1R
—EM H SigmaA F) 5 JoBE DMEMAI XFO6 L5 7%
Bl H Seahorse Biosciences ) ; CellROX"™ Oxidative
Stress Reagentsli4 H Life Technology /A i ; MEM4 75 2 14
El Gene Operation’A 7 ; CellRox™ Deep Red Reagent
I El Invitrogen A & ; HoAt 17135 9 [ 7= /04 .
Accela @ FEBAH 154X (high performance liquid
chromatography, HPLC)J# F 3£ [E Thermo Scientific
/~#]; Seahorse XF96 Extracellular Flux Analyzerd H
Seahorse Bioscience s ] ; £ 2 s A R B0 AHLIE H
78 % EppendorfA 7 ; StepOne Plus%¢ )t & & PCRAX
H Applied Biosystems/A 7 ; FascAriall3fit 2040 iR/ 4
Fl 3% [EBD Biosystems A ] o
12 7
1.2.1 %¥4a SEIG AN R - X HR 4L (CON):
KRG SR ; scramble shARNAZ (MRPL18-
NC): #%717 H AIsiRNAFH ST HL 5 g HF 1) 77 51 2 A
(1S 2 5 S 4 M 41 ; MRPL18T-Ht4 (MRPL18-
shRNA): MRPL18 RNA Tt 1% 55 2k 4 5% 5 (1) 4
Fi o 293 T4 A MIN64H ¥ T2 10% 15 4 L i
100 U/mLEZZE M 100 pg/mLi%E % & i DMEM 57
Berf 37 °C, 5% CO,. AN FE IR TR R 7%
122 BAFaQFEfitg BRI T8 T
RNA L G 7 1 A6 1895 73 00 26 505 & (Lenti-Pac™
HIV Expression packaging kit) iy B P 3t 1781 . ¥
2.5 ugftxf 41 MRPL18-NCAIl MRPL18-shRNA %y
SEE R 293 TAHME, H T 10 cmBEFR ML 537, 5 4
J5 12 hii, 48 hJ5 2206 RAEE T WL E2 4 i A i sk
T S 20 0 Rl & L SR, 90 B O WA B A i B R
W 4 500 r/mini 0> 15 min, 0.45 pmPE M € DL 2
BRAUBOREF, 4 °C. 20 331 r/min 5 O 4ER 75 2 h,
RNase-free DMEME Vi 8 FURLTTHE , —80 °CIA A7,
A5 Je B0 GEMIN G4 Jf0 J ST AG 58 T G AR 4 i 3%
123 #xmifeyids  BOSEAEKIIMINGAY
Ja, LA2x10%/FL1% % FE A T-24F0AR, BEFLIN0.5 mL
5% FBSHIT 7 R —BE % R M R4, 37 °C. 5% CO,
B 7524 hjE i, HX 100 pL 2 BN A £ 400 pL
B Sl AR LI AR R i RiRE , [RIS NN SRR R 2%
WREE N8 ug/mL, 37 °C. 5% COK55%24 ho #/H0.5 mL
ORI IR BE R 24 hE R4 AL 2 6 1L

W, JFakee5 9548 h, £ 1~2 A& 5 ng/mLIEIA 75 %
(puromycin) 1 i 56 A2 35 IR FL 85 7%, HLBIPLA M
FEAZAT B B

124 Real-time PCRA2MMPRLIS mRNA%:X  Trizol
TEPR IS A1 RN AL FH 8 A1 43 6 0 B A
RNARE . RNA L 5 [ W ™ 4% 3% B TaKaRa A 7]
T AR & U AT AR, A DLSE B RNA
NHLIERR , & cDNA. H TaKaRa/A & %% € &
PCRIAF & TE Applied Biosystems/A @[] StepOne
Plus”¢ 6 7€ & PCRAX_F 34T Real-time PCR. PCR%&
4 : 95 °CTRIAE S min; 95 °CAEME30 s, 60 °CiB
k30 s, 72 °CHEAHI30 s, FLA0MEHR . 2B d 1 i
2 R i it 26 DLRA DR B SLRE e, B B-actins §IN S,
¥ AR 22 B % 2 MRPL1S mRNAAHR ik .
MRPLISSIWIF5 A Eiif: 5-ACC CTC GGA ATC
TGG AGC TCT TA-3', Fiif: 5-AGT GGA TGC TGA
AAC AAC AAC CTG-3"; WZEE A B-actin 5| V)T 51 N:
_E3##: 5-GGC TGT ATT CCC CTC CAT CG-3', Tt
5-CCA GTT GGT AAC AAT GCC ATG T-3',

1.2.5 Western blot#: MRPL18%& & ¢ &i&  Wide
F A FHPBSEE20K, BEIEANA300 L7 2 e
IR LE MR AR, R IRGIRS)IG, #7830 min, #%
F£% 1.5 mL EPE, 4 °C. 12 000 r/min(»30 min, W
B ST 2R PR o SDS-2R VA 470 B e i P Lk e
FEL A% L 22 R R AT A 2R MBS, 5% B e Wk A1 b, in—47t
(MRPL18, 1:250%F¢; GAPDH, 1:1 000F%%%), 4 °Ci
W TBSTHEHES min/X>3IK, Ii1:2 500 —Ht, Z AL
B2 h, FUEE3R, INAECL% 67, £:ChemiDoc MP
TN RS R %5 (Bio-Rad A 7], 2 [ ) IEk3k
3 K4 . Quantity OneEUE 73 BT 8 AF X 45 kAT 5>
. PLHMIEA S NS GAPDHYE % DIE 1 ELAE AT
FHMEARIAMAE &

12,6 AXMIEASAEN MLROS % 5200 2 40
I3 A AR FL 1< 10S/mLEz A T 1244, K59%24 h
Ja . T4 I PBSYE AN 34k, BEFLINN 5 449K
F£ 5 umol/LER%H (CellRox™ Deep Red Reagent)H]
DMEM 500 pL , &R IR GOEHAE), BT
37 °C. 5% COF5FR46 [ .30 min. WAL, H]
DMEMYEI4HE3 YK, 2 000 r/min5C>5 min, J1200 puL
DMEM 78 7R 21 )& , i =4i ARl ROS, 3% K Ex:
644 nm. mE: 665 nm, 71210 00040, 15 H-F
B tnm iz, AARROS/K T,
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CON MRPLIS-NC

MRPLI18-shRNA

CON: X2 ; MRPL18-NC: scramble shRNAZ]; MRPL18-shRNA: MRPL18 T4
CON:: control group; MRPL18-NC: scramble shRNA group; MRPL18-shRNA: MRPL18 RNA interference group.
Bl HHEHAEELRMINGC 4S8 h/5 GFPIRIE(200%)
Fig.1 The green fluorescence protein expression of MING cells 48 h after plasmid transfection (200%)

1.5+
%
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@
% ko
o 0.54 I
:
=
0.0 ] | I
CON MRPLI18-NC MRPL18-shRNA

*#P<().01, 5 CONZ ZMRPL18-NC1 LL i (n=3).
*#*P<0.01 compared with CON group and MRPL18-NC group (n=3).
[E12 MRPLI8-shRNAFLRXIMINGAEMRPLIS mRNA
RIBHIFZAE
Fig.2 Effects of MRPL18-shRNA transfection on MRPL18
mRNA expression of MING6 cells

12,7  fmfegrikae g Raahen SAgniui
£41.2x10%/80 uL#ZEF T Seahorse XF96 Extracellular
Flux Analyzer® 96 FLHR, 153724 h4U @l & ik
B2 85%, WU AR IESL. 7E 96FL Il AR
BN 140 puL pH7.41) XFOOAZ 1, K I AR FIERET
& T37 °C. TECOIEFEM R B it i . KWl A
W 240 P 355 % S e B WAV (7 T DMEM., 4.5 g/L
1 % M A1 2 mmol/LIA BREREN), 37 °C. TECOX5 77 4H
HEE 30 min, FAREFIZIME AL By CELH 2510
ANZEF R FCCP. HEIH 2 29 Z251.0 pmol/L,
AX#§ EAZIE 30 min/5HFaa kil . P 5E B [y
FRAR, WAL A R IR ER IR 1, T R R AR
IERFLH 4 &, DA TS £ E AT AR I

1.2.8 4@ ATP. ADP. AMP4A 2 v B A7 M &
K FHAR A, 1) SOAH o 25 VA 1 0 BT v IR o U4

Y, HHEUSE UK PBSEET 190, IIATRYA 1 & S R TA
(0.1 mol/L) 78 /iR 2], (R IAiEim R 30 s, VK E3E
fift15 min, K 2@ T4 °C. 14 000 r/min/C»10 min,
FIEWA0.22 pmBEAL IR IS 38, 7E Thermo = 2 VRAH
R B . P H GL Sciences 2 7] Cog AR (R
23 um, ¥k4.6x250 mm, pH2~7.5), S 2 A
25 °C; JEhHH 150 mmol/Li R — S ANLE i ; 4l
1%(95%:5%); WiLi#0.6 mL/min; 28 4M& il K259 nm;
FE SRR 10 pL; KE IR E4 °C.
1.3 #iE%it+

K SPSS 1705 AT Ge it 50 0, 455K H
mean+S.D. IR, %42 7] (1) Ge vt 25 22 S5 o e FH 5
[K 77 227347 (One-way ANOVA). P<0.05 875753,
P<OOURNZE R

2 H#HR
2.1 BREESMIN6HIZER

P20 8 5% 5 MING6AH 5 , MINGAH M 7 7% 't &k
L T 3] WK S a5 (B 1), 0GRE 5 4 Mt
FRATRESE, 125 (ALK IR R 7
2.2 MRPL18 shRNA%: #f5 MIN6ZH A+ MR-
PL18 mRNAFIZE HFRKFHILL

1595 85 4% 5 MIN64I A 5 , Real-time PCRAS I
MRPLI8 mRNAZ; R ok, 5 CONZH &L MRPL18-NC
%, MRPL18-shRNAZL MRPL18 mRNA /K- i
% (P<0.01)(&2).

Western blotha Il MRPL 1814 (1% 1k, 45 H 5
TN, FE4r T 21 kDakb 35 H B AR B 2k A 4
5CONZIFIMRPL18-NC#1 Lk #, MRPL18-shRNAZ1
MRPL 188 [ /i /K- . 3 PR (P<0.05)(K13) -
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CON  MRPL18-NC MRPL18-shRNA
MRPLI18

—_
]

—

I
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o
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S
o

The ratio of
MRPLI8 protein/GAPDH protein
o
[*))

(=]

CON MRPLI18-NC MRPL18-shRNA

*P<0.05, 5CON4]ZMRPL18-NCH Lt (n=3).
*P<0.05 compared with CON group and MRPL18-NC group (n=3).
[¥13 MRPL18-shRNAFZITMINGAAEMRPL18 2 H R
RIBHIFME
Fig.3 Effects of MRPL18-shRNA transfection on MRPL18
protein expression of MING cells

2.3 MIN6ZHAEROSH MLE
CONZH. MRPLI8-NCZIFIMRPLI18-shRNAZHROS
AN 1553.7£15.7 1557.0442.9. 2668.3+141.5,
5 CONZHFIMRPL18-NCZH b4 , MRPL18-shRNAZH4H
JIROS/KF- 422 Tt (P<0.05)(l4) -
2.4 HHREZLRAREE RN LS R
MRPLISEEH Y T4 LA G, H Seahorse XF96

3000 - .

2000

1000 4

ROS fluorescent intensity

0 I ] ]
CON MRPLIS-NC ~ MRPLI18-shRNA

*P<(0.05, 5 CON4L & MRPL18-NCH L (n=3).
*P<0.05 compared with CON group and MRPL18-NC group (n=3).
[El4 MRPLI18-shRNAZZIIMING6ZHAIROSHIFZ AT
Fig.4 Effects of MRPL18-shRNA transfection on ROS of
MING cells

Extracellular Flux AnalyzerX£&F 44 G &A1 41 iy
S FE#% (oxygen consumption rate, OCR)HEATHG M, &5
RAF : 5 CONZLAIMRPL18-NCZH L4, MRPL18-
ShRNAZH 3 fith S8 FE 2R B B B AR (1 SA), o rp sty
W (B 5B) 3 KPR (] SE) Rl i 25 - e 1 (&1 SF)
B E K (P<0.05. P<0.01); [AIi ATP & (& 5C) Al
Jii ¥ (5D th B 2 98/ (P<0.05. P<0.01).
2.5 YAREFATP. ADPRIAMPE ENELER
PAAIMR 58 B2 3R AT =3 b 1A b 19 1B 03 5 FR AR
5 2B ATP: y=21.397+24679.7x, R*=0.9920
(n=6); ADP: y=397.643+20967.7x, R>=0.9927 (n=6);

(A) - ®B) ©
2100 Oligmycin FCCP Rotenone ~ CON bSO 40
ER - MRPLIS-NC 3 I [
40 I |
é — MRPL18-shRNA § sk g 30
E 60 i’}() T 51 *ok
£ g 220 T
S 40 “£.20 &
£ g & 10
Z 20 =10 <
@) %
© obl—01 1 . A i . . , , ,
4 20 36 50 64 88 CON MRPLIS-NC MRPLI8-shRNA CON MRPLIS-NC MRPLI8-shRNA
Time (min)
D) 15 ®) ®
- 3 =
a, Q
<10 * 8 I I * % |
L; I E‘ 20 —I— s 20
8 g g Kok
e E £
& [=5
Lz 10 g 10
£ 2
> <
0 S o &

CON MRPLIS-NC MRPLI8-shRNA

CON MRPLI8-NC MRPLI8-shRNA

CON MRPLISNC MRPLI8-shRNA

Az YIHERESR; B: ZEREIEIL; C: ATPPZ & D; i T-I; E: S KWL Fr A& P . *P<0.05, **P<0.01, 5 CONZL & MRPL18-NC41 L (n=10).
A: oxygen consumption rate (OCR); B: basal respiratory capacity; C: ATP production; D: proton leak; E: maximal respiratory capacity; F: spare respira-
tory capacity. *P<0.05, **P<0.01 compared with CON group and MRPL18-NC group (n=10).
[El5 MRPL18-shRNA¥E3I MING AR E A AISN0
Fig.5 Effects of MRPL18-shRNA transfection on OCR of MING6 cells
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&1 fEFAATP. ADPFIAMPE &E
Table 1 ATP, AMP and ADP contents of the cells
R TR R TEMRTSEH o
45 o o ; fi i ATP 5 ADPHL
(ng/10° cells) (ng/10° cells) (ng/10° cells)
Groups EC ATP/ADP
ATP (ug/10° cells) ADP (ug/10° cells) AMP (ug/10° cells)
CON 0.875+0.091 0.433+0.006 0.154+0.024 0.746+0.014 1.880+0.077
MRPLI18-NC 0.918+0.086 0.405+0.028 0.166+0.005 0.752+0.016 2.267+0.026
MRPL18-shRNA 0.709+0.033* 0.623+0.039%* 0.293+0.011** 0.626:0.006** 1.138+0.034*
L2 - B ATP
o B ADP
Z 101 Q AMP
g QO EC
& 2 08 1
a3 [ Ba
< ©°
S 06 4 - -
<%
B 2
@ 04 1
5
S 02
0 4 T
CON MRPLI18-NC MRPLI18-shRNA

*P<0.05, **P<0.01, 5CON4] & MRPL18-NC4L L (n=3).

*P<0.05, **P<0.01 compared with CON group and MRPL18-NC group (n=3).
El6 MRPL18-shRNA% L ITMINGAIAIATP. ADP. AMPFIBETTHIFZM
Fig.6 Effects of MRPL18-shRNA transfection on ATP, ADP, AMP and EC of MING cells

AMP: y=255.473+24328.5x, R?=0.9928 (n=6).

PLAH [ (1) HP L C 2% 11 43 ) A I &% 25 48 i 1)
ATP. ADPFIAMP&&. (1)il# ATP. ADPAI
AMPE & A XA X=C/NxK[X: ATP. ADPFI
AMP & & (ng/10° cells), i C: ARPEARHE 26T 5
) ATP. ADPAHI AMPIFE (ng/mL); N: A i 140 i
H(1x10° cells/mL); K: FE SRR (2)RERT (en-
ergy charge, EC)i15H A : EC=([ATP]+1/2[ADP)/
([ATP]+[ADP]+[AMP]). £ E IR, 5 CONZ A
MRPL18-NCZ Eb %, MRPL18-shRNAZL ATP; & LA
J% ATP/ADP LUAH BH 2 PG, 22 57 23 (P<0.05), Befaf
(EC) & 3% [A1IK (P<0.01), ADPHI AMPH; & & 3% 71 &
(P<0.01)(E1H1El6).

3 1fie

Jif 5 ZHEPT (insulin resistance, IR) & 27844 R 97
() B SRR, B2 T AR 25 & fiE(metabolic syn-
drome) fi) F AL, Ji i 2R HRB AN 750 JEk B 2 IfLRE 7]
LA ML 87 g3 RS S8 2457, Zebi i e JAZ 40
PIRE RN ), A2 20 M ) REAAR U Y — Feh OB 1Y
SHMAS o R 3 AR S AR AT, 428 i 48 ) A X

ARG T, R, Zei R AR AL = A2 ATP
I AR AR AT — AN IR H B R, R T RE S B2 kL
IR R R . UEMRCL 8RN, LRAIRThARERS
TER B ZZHCPT P T Re & B MAE T, BES. RK
HER AU I 2 BB BB E 2 ki i A 22 = FR IR
W5E A . R, SarisZESH8 H AT A A4 Q1 e fis B¢
LR T H R T e R AR T e 7

B 22 (W U AR SE T AN [R] 1) JR 5 & KPR
A e HIGRARARU B 3, X RS G A
T2DM. ZHEONHLLEARESE P, i b % i & R HEPL
AMEEAT PSR, R ILE KA A G HE N ) mRNA
KPR RRIAARDNA F 5ol I i B 1 I
FREZ TR, 2R T e R AR 5 2R AT
ZMAEEDINERR.

MRPs 1 57 28 F7 7R 5 [K] (mtDNA) & 5 8 1 1 B0
B EAE MRS P 0, 2 mDNA IE
WRIEWIERE . JTFOR, T AN EMRPs 2784
RS A Gm b i R 1 7 91 B G ik s o T, A ERAT]
A DLk — 5t 7 MRPs I M A %5 58 H 5200 2 R A4 AR
WD REAH G I SR AR . BRATT AT S a6 i 4 2 A
S RIS UR AR B IR S B R
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MR BB T MRPLISHE R 35 B 3 FRAK , $27R
MRPLI18H: R KRk 7T 5 5 Wit & 57 0 AR i 3R
HPUA A

A TR, R A2 1 4 (reactive oxygen
species, ROS) 5 H# PRI 1) K A7 5 1. AWK
B, ZRRA 20 A N ROSF= A= 1) = BT, 2R AR T
RE RS RT 5] T 15 2205 5 B B I ROS = AR i 2 19,
1M ROSH 2 Al BE4H I IE 1. BRI HLA AL BE
FIK, K ROSHH 88U . £k i 77 A [ ROS A AL
2R 0L A O B I R LAt B I 1) 22 AN RD i DT IR, AT
TR ORI AR B (1) S B, I e P EBA T AH
FUI45 R R oR, MRPLISSEDIME T4 LG, S50t R .
MRPLI18-NCZHAH L, ROSF=4= .3 3 n , nI e JiR (Al
J& T3 MRPLIS8JG 51 62 MING6AH il 2 4 A4 Th REBE RS
HE I I S R A B AL 2 IROS.
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