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M AR, KRR 3 B f1 66. 73 nmol/(mg protein + min) M % 36. 01 nmol/(mg protein » min); EE @M & Wk & & & &
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Young and aging human embryonic lung diploid cell line WI-38. a comparison of mitochondrial content, rela-

tive amount of mtDNA, and mitochondrial functions

SUN Qing-ju, LONG Jian-gang, WANG Zhen-cheng, MIAO Ming-yong, WANG Xue-min” (Department of Biochemistry and
Molecular Biology, College of Basic Medical Sciences, Second Military Medical University,Shanghai 200433, China)
[ABSTRACT] Objective: To compare the mitochondrial content, the relative amount of mtDNA, and mitochondrial functions
between the young and aging WI-38 cells, so as to investigate the correlation between mitochondrial and aging. Methods:
Human embryonic lung diploid cell line WI-38 was cultured and its viability was assayed by MTT assay; the content of
mitochondrial protein was determined using BCA-100 Protein Quantitative Analysis Kit after mitochondria were fractionated by
differential centrifugation; mtDNA relative content was measured by a competitive polymerase chain reaction (PCR) method;
mitochondrial membrane potential was measured by flow cytometry; and NADH oxidase activity was measured by
spectrophotometry. Results: Compared with the young cells, the aging cells had a longer time to form a monolayer, an
obviously decreased cell viability and mitochondrial membrane potential (by 50%), and a decreased NADH oxidase activity,
with the maximal reaction speed declining from 66. 73 nmol/(mg protein * min) to 36. 01 nmol/(mg protein * min).
Mitochondrial content in the aging cells([0. 78 0. 02] mg/ml) was higher than that in the young cells([0. 56+0. 03] mg/mD).
Using 18S rDNA of nuclear as an internal reference, the relative amount of mtDNA in the aging cells (1. 557 0. 072) was
found to be obviously higher than that in the young cells (1.2924-0. 068). Conclusion: The increase of mitochondrial contents
and mtDNA relative amounts in aging cells may be one of the compensatory mechanisms for decreased mitochondrial function,
which may provide an evidence for studying the correlation between mitochondrial and aging.
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AR AP A5, LA DNA (mtDNA) 5 #%
DNA A[A] 0 298 DUy HRA 5 5k, 21 FHAg oy ik,
BN 5 2 TP ORI AR i R mtDNA AH X B it DL 2 D) g
(AT — SR SR AR5 O R — B, 6T
N PRI — B8R AR TERE 1B, LR A 3
SR VR T 240 M Y 6 5, AR BT S A ST A R A D S AR
T, PO T AR A A 2 A ML v R A B A I RE Y
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1 MBITE

L1 M AR AR 4E 40 i WI-38, 2R A
R 3 A A B IE & AR Il 4120, 0 T 1 ifg b [ R 2
B 4 A I 5 BCA-100 3 4 J5 2 a2 0 a2 38 70 & (o
R AEY R AR AR ; F 4 DNA 421407 &
g TAE ) TR RN W) ) 5 b A R FL A5 A
iR F & (Calbiochem A #]) .

1.2 @mmsEdh S 10%MF N MEM 8%
WP WI-38 40, 75 37°C 55 F.95% 25X +5%
CO, 55354 (3 [H Forma Scientific 24 7)) W15 5%,
2 ML TS 0. 25 96 11 g 2 1 I I AL L TR R 4
JL R, FE AR AT L il BR BN T B DL R Y R
TARANNE e i 4 i AL A, E A R AF T WA ;5
B 2 BB A IR SR A KRS dHHE AN 20
AL 22y 50 1R,

1.3 WRAZMTDEEN T @REH K
B 7S AL BURY WI-38 4, 350U BL 1 X
10" 40 /FL42 Fh 2 96 FLES F= A b, A LR AL 200
plo BRI 16 fLas (I IR CUmRE 3R 36 . ¥ 8 9%
WA CO,MH 5557 48 h J5 , BfLIMA MTT %
W (5 mg/mD20 pl,37°C 4k LL0FH 4 h, & 1R 157,
AN LN R R B W, AL A 150 ul
DMSO.¥&% 10 min. 545 504 7850V i . BRI G5
A (490 nm ) 0 7 25 FL G 25 B A L Aol 45 (5
formazon AR B 7= A= i L B i TS AR Ak,

1.4 BCA-100Pr £ & A &M T X EARE G WL
= 0.25% 0B A B AL, o3 AR AR R (30 R
D FIE 2 A (45 5 JBOM R 8K H (8 X 10°) L &
1 ml/10° cell Jill A 43 4 i (50 mmol/L B 8. 10
mmol/L EDTA .50 mmol/LTris-HCl, pH 8.0).3%
SESVIR ARSI, 22 TR 0 43 B SO, i A 3 1 4R
AR . BCA-100Pr 2 it 12k 571 &0 I o 4ok A4 2
F4 2R 1 R T2 S e R A T

1.5 %4 PCR & o & mtDNA A4 & T 4L
0. 25 6 1) JE 25, 11 I AL . 20 OB AF 52 o 2 A0 i
S AT 55 O [R]85 LR S B 41 DNA il 4 3857

SIS DNA, i AE TAY TREIRS AR
ARG PCR 51¥)., N2 18S rDNA 5197 4
J nl:5-GCT TTC TAC CTA CAT GGT TGA
TC- 3';n2:5-GGC CTC GAA AGA GTC CTG
TA- 3", K/N559 bp, Zki{k DNA D-loop X 5|4
F5)H ml.5-CCC TTA AAT AAG ACA TCA
CGA TG- 3';m2:5-GTT AGT TGG GGG GTG
ACT GT- 3", K/ 468 bp, PCR I &1 .94°C i
AEPE 4 min, AR5 94°C 72 E 30 s.55°CIR K 30 5,72°C
FEAR 40 5,32 30 MEH . ZJ5 72°C LM 5 min, PCR
TG 2V SR REWEEE R UK Ay BT A ERERh 6
ple

1.6 AR b 4] &

1.6.1 RI123 #8318 0. 25 % B9 B2 (1 B 1k, & 0
WA AR A E 40 i, PBS ¥ vk 2 IR, & T PBS
AR 4L N 2 X 10° cell/ml, B 0. 5 ml il A Ep-
pendorf &, IMAZOEYE R123(1 pg/mD 3 pl.37°C
B E 20 min, 7 YR, PBS =%k, & T 1 ml PBS
e, A AN FL 38 T8 AR I 2 sk g,

1.6.2 TMRM #rie™ R I 2k A 58 e 47 A8 )
TR & 0. 25 %6 1 R B 11T Ak L 250 U A R R
LY AR 2 X 10° cell/ml, BL 0. 5 ml il A
Eppendorf % , B> 1 000X g 5 min,F 37 , JLTE M
AR BER) MitoCapture ¥ (& 28 G EF TMRM) 1
ml,5% CO,, 37°C & F 5 % 15 ~ 20 min, & L
500X g 5 min, F W, ULIEMA 1 ml BUR KT 2
PR, B TR TN A AN FLT 8 G AR T 2R A AE A0
P el DS Sk - X% N

1.7 SoEiked R4 RACBEE BN T 0. 25% K
B AL B R A . 4% 1 ml/10°
cell IMA 43 B 4 i (50 mmol/L EERE . 10 mmol/L
EDTA. 50 mmol/LTrissHCl,pH 8. 0) , B 5§ &) 3¢ #%
AP L 2EME L B AORLR, B 1 000X g 4°C B
10 min, U E .10 000X g 4°C B> 10 min, FT 15 &
L LTE B Ry ZeoRn A, ¥ A3 25 A0 o b i & 3 Y 46
KRB . BCA-100Pr 22 fit 12 71 0 I 5 e b 1A 2 i
WM& H =, B2 061 (Molecular device, USA,
Spectra Max 190) il '8 NADH & Ak il 36 11>, &
WA . DCPIP(0. 64 mmol/L)25 ;1,10 X buffer 25
pl(pH 7. 4) .ddH, O 150 ol Sk iAW (B 1 & &
29 25 pg) . 30°CHEHE 5 min, A 2 mmol/L. NADH
Ja B RN, 600 nm WAL 2 min PG BE(E AR
k.

1.8 %itsa® FHRWLL rts £, HuEE R
K] SPSS Get 8R4 #4705 26 53 Bl ¢ K3,
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Fig 1  Cell growth of young cells(A) and aging cells(B, X 200)
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0.03,P<C0.05),
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SRR (8 X 10°) SR MR 85 1 % 1 R (0. 56 +
0.03 Ymg/ml, B 40 (8 X 107) e b IR B (4 &% &=
(0.7840.02) mg/ml(n=>5,P<C0.05), Z5HE Bx
Y M SRR R S TAR R A

2.4 3% PCR*N Z mtDNA A4 & ALK
TR 5L 18S rDNA KNS, 4 # L Ik 25 1
SR AR L 45 R R A mtDNA D-loop X
Bt Y5 18SrDNA K BOAH b AH X &5 B w5 45 6 40 it
A XF B (1. 557 + 0. 072 s 1. 292 + 0. 068, P<<
0.05), % & H5AE R 40 ML 1) mtDNA A8 X i [
1.205+0. 020,

2.5 SABERBE AR T

2.5.1 RI123 Axit W40 AL FL1 3 18 A6 I 45
SR AR A Y OF ¥ 8O0 R BE Ol 63, 75, 1 2 4l
MR B R 33, 41, Hh AT LR S e 4k AR B Ha A7 B
BRI 2),

2.5.2 TMRM #rit =40 ML FL1 b 18 46
RARTE A M T T A R A O A S5 R WOR L AR R
JLREL ST 2 0 5 O BRR Y OF 3 S O R E R
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Fig 2 Measurement of mitochondrial

membrane potential by binding with R123
A:Young cells; B:Aging cells
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2.6 PR 4 AAE-NADH R ABF & Hal g 45
R Z M NADH AL 5 vE W] AR T 4E 4%
YA, R KRN B AR B2 AL 66. 73 nmol/ (mg
protein » min) , EZ MM T %~ 36. 01 nmol/(mg

protein ¢ min),
301

SRR AE Ay T A 20 i v — o B 7 200 A 20
i MR AR 5N 5 S R DA G, kL
PR 0B AR R 0 b 25 AR R Z I n] SR 8T, B
ZILTA WAL E AL IF B BE 40 i 2 i AR
fb. EAFELRARMR EZAE R Z—, W,
Bl b B R T 0 65 % ~70% I L — E
S B RARFR A L R AR R, FRATT R 25 U 0 )
BRI, BCA-100Pr &2 135 5] & I i 2 4 2 1
B o T R T ERRLAR 1 L. 5% DNA AL,
WL 3 ) 40 M0 N mtDNA 223 Y, 4 AR 40
JfL AT 432 JL TS LA BB meDNA, [ i H 80 A8 1k 5
20 7 D) R CIR A B UIAH OG . TR ) 3 S A 5
mtDNA & & WL R WA X, BT 18S rD-
NA FEFAAANES L EA I, Sz A
AT DNA 9% ., D-loop X & mtDNA Y
S TV SR AR DX, — O AF TR A R B ik O 278, T
PR mtDNA [, Fr IR ATEE$E 18S rDNA fE
N2 B, mtDNA 58 DNA B & & b E B
mtDNA A & &, R ZE S PCR K mtD-
NA X & i,

SRR AE Sy 41 LT 2h 1Y) BE R R oL 2 S
M A B ATP (9 222 4h o5, Zokn iR 5 T 1 =2 iR
1IF P il 2% 3 2o IS 0 A | Ak 2B i NADH. NADH
T A LR R PR T I 4 AL B AU fk . NADH i i
fiff Ccomplex [ )M st - E I E Gk, &
WP st EEAN, KRR S ZMEmME LA
S A A R B T T RS 6 i S T T
T BE RIS B AL, OREAR NI B ATP & B
FH TR B A % ATP, AL ATP il it
LRLR N ADP/ATP K 5 4 i it fr ADP 58 #
HEA AN L S 5 20 M 25 Fh s e ot B L TR o ok
PRI E (37 9 AR SE 5 40 L 2 5 1 T BE B U0 A oG
R123 J&—Fh 3 N5PE BH B 7 2 e ge bk, x5 2L A 3l %
PE. BRPOLE S FEE D TLOoRK, Kt AT id i
It 2K 0 S W0 G 5 I 5 1 8 b R iz Bk 8 R AR i
HUOZAYZE M, TMRM JE— 2R B 7GR o 7 X 22
RN VAR T S TR N A N 3 R P R
BLLRARIE AR TE T4 i, & s s 0k,

IH ARG U Y T 5 €5, 7 O B B A 1S 0 L AT DA R R
7R 5 FL A7 ) R

ML 114 52 2 0 U5 1 40 ) 5 2, % A5 ik 4 g
MIWEE A B T B LT PR, 8 X AR R R
AR v SR R AR R I B SE L A B TR T LR
RS2 R, — 0 50 LR R 7E 3 2 T AR
FH 3T A7 Sk 8 FH R it — A% A 4 Bt A by 2 2 0 9 1
KA R, B 45 2 = N AN ST T AR i e,
JCET A 240 B A A Ah 0 B A o LB T 30 IR,
75% ~85% W A1 ML RE 8 4T DNA & 1, KA f #
G354 DRLIHG PR Ay A B 200 5 T 4 AR A 2 R BOR T
48 WAF AT AN 10 % 19 4H ff g 547 DNA & A, It
R 1) 40 A o S A B, FRAT e N R i A A
ILEFAEAN L WI-38, AL ARG 3%, W R A7, vy 1 3
EA TN OR LA RV KA B = I B A i A RS o A N )
AHEAT T LAY .

FATHY 52 46 45 TR e WY, 5 2 0 L A AR A A i 46
RN VAN GRS =R (A SRR M RS A %N
H omtDNA A HI 5 3 £ (P<0.05), A X
SRR Y i mtDNA & f2 B0 A9 AL R 58 4 i
HECATREMI ML A B AR . (O AC I R BRBLEH DT
Je SRR T RE BB B L 3 R 5 R S R DG 1Y ROk A
T BE A i B L — 7 180 8 Ao 35 0 oK 52 5 09 1E B 4R AR
TAE R R IEAT S 55— T 1T 2t 0 35 4 3 n 4%
BRI E R AR, () AT R HLE L g
Jit b B A RN R AR DNA A3 — B I 3 5 i 7 L 78
S AR 3 A AR T PR PR 5 A2 T B 4 ) R
P L HRAF AL R DNA Y ol 8 i 37 A2 AL, S5
55 200 ifn B o RS B AR R T G I 58 R T 2k kL AR
DNA B4 B 1958

B2 AR S I ok 5% 5ROV AR AR B £ 4 2
Ji W-38 % 4F 42 1 2 4 i rf 4k 4R & Al mtDNA
AEXT 7 o S 2R AR T BB AR AL HE AT T AR B 5% . Sl 2k
PR SR RRZNRGHEE e 2%, T HAL
(1957 F HLHI A 18 T iF— 2B 30T,
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