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Abstract  The aim of this study was to analysis the mitochondrial function in mitochondrial DNA (mtDNA)
haplogroup D4 and B4a cell lines and to investigate the possible mechanism of aging. Haplogroup D4 was found
to be significantly related to resistance to aging and haplogroup B4a was found to be a risk factor for aging. The
mtDNA haplogroup D4 and B4a transmitochondrial cybrids with the same nuclear background were obtained
bycytoplasmic hybrid. RT-PCR, clark electrode and gradient blue native polyacrylamide gelelectrophoresis (BN-
PAGE), TMRM and DCFH-DA detained, were carried out to examine mtDNA content and mtDNA transcription

level, the oxygen consumption rate and mitochondrial complex expression, the mitochondrial membrane potential
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and reactive oxygen species (ROS) generation, in those cells. Results showed that the mitochondrial oxygen

consumption rate, mitochondrial membrane potential and mtDNA (ND1, 7S RNA) transcription level of haplogroup

D4 cybrids cell were significantly higher than those of haplogroup B4a cybrids cell, but ROS generation level was

significantly lower than that of haplogroup B4a cybrids cell, although there are no significant on mtDNA content

level between the two cells. In addition, the mitochondrial function was improved and oxidative damage was

decreased in haplogroup D4 cybrids cell by promoting the expression of mtDNA and mitochondrial respiratory

complex, so as to delay the occurrence of aging.
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#1 RT-PCR3|#F%)
Table 1 Sequences of RT-PCR Primers

)R]

Target genes

ElEZlE ]l

Primer sequences

Human mtDNA

Human nDNA (78S rRNA)

mt-ND1

mt-75 RNA

mt-76S rRNA

F: 5'-CAC CCAAGAACA GGG TTT GT-3’

R: 5'-TGG CCATGG GTATGT TGT TAA-3'

F: 5'-TAG AGG GAC AAG TGG CGT TC-3'

R: 5'-CGC TGA GCC AGT CAG TGT-3'

F: 5'-GGC CAA CCT CCT ACT CC-3'

R: 5-GAT GGT AGA TGT GGC GGG TT-3'

F: 5-AGC CAC TTT CCA CAC AGA CAT C-3'
R: 5'-GTT AGG CTG GTG TTA GGG TTC T-3'
F: 5'-GGT AGA GGC GAC AAA CCT ACC G-3'
R: 5'-TTT AGG CCT ACT ATG GGT GT-3'

I FH 38 % 55 3 7] £ (TaKaRa 2> & K RNA TS 5 5% i
cDNA, %X J5 | FastStart Universal SYBR Green
Master(Roche A 7)) 7 &2 TRT-PCR, LL/8S rRNA
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Table 2 Results of sequencing of haplogroup D4;j cell

B A g3 747 RATIEE EESUBIES Hede 2

Position Gene rCRS base Mutation AA change mtDNA database
73 D-loop A No Polymorphic site
263 D-loop A G No Polymorphic site
489 D-loop T C No Polymorphic site
750 12S TRNA A G No Polymorphic site
1438 128 rRNA A G No Polymorphic site
2706 168 IRNA A G No Polymorphic site
3010 16S TRNA G A No Polymorphic site
4769 ND2 A G No Polymorphic site
4883 ND2 C T No Polymorphic site
5178 ND2 C A No Polymorphic site
7028 COlI C T No Polymorphic site
8414 ATPase8 C T Leu—Phe Polymorphic site
8701 ATPase6 A G Thr—Ala Polymorphic site
8 860 ATPase6 A G Thr—Ala Polymorphic site
9 540 COIIL T C No Polymorphic site
10 398 ND3 A G No Polymorphic site
10 400 ND3 C T Thr—Ala Polymorphic site
10410 tRNAArg T C No Polymorphic site
10 819 ND4 A G No Polymorphic site
10 873 ND4 T C No Polymorphic site
11 696 ND4 G A Val—Ile Polymorphic site
11719 ND4 G A No Polymorphic site
12 705 ND5 C T No Polymorphic site
14 668 ND6 C T No Polymorphic site
14 766 Cytb C T Ile—Thr Polymorphic site
14 783 Cytb T C No Polymorphic site
15043 Cytb G A No Polymorphic site
15301 Cytb G A No Polymorphic site
15326 Cytb A G Thr—Ala Polymorphic site
16 172 D-loop T C No Polymorphic site
16 223 D-loop C T No Polymorphic site
16319 D-loop G A No Polymorphic site
16 327 D-loop C T No Polymorphic site
16 362 D-loop T C No Polymorphic site

T8 B0 AR AT . DRI, FRATT A% P A2 P Rk B Y F R P2 DTH s i 52 22 k4B, FRATTR %6 % %€ B PCR
41 i (D4j AIB4a2b1 ) D4 FIB4a A 1 41 ity 1) RE WF J7EXmIDNARE DLEGEATRE I . 45 R BoR, f£D4a

FRERY 7E A LADAYH il F1B4adt il 75 FIB4a B (3% 7Y £k 48 i mtDNAFE DL ¥t ;6 2 7,
2.2 E{ZHRID4FIB4aZAREmtDNAFE DIFLL R LA DAFIB4a B £35 R 5210 35 22 1) 2 57 5 mtDNA$ I

N T IRFEDAMBAa G R e 5 Bl kiR BUKFREZKXR(ED.
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Table 3 Results of Sequencing of haplogroup B4a2b1 cell

£3 B(ERIB4a2b1 RN LA R

BLAT B Bl PP 4] RA T RIS Bl i

Position Gene rCRS base Mutation AA change mtDNA database
73 D-loop A No Polymorphic site
263 D-loop A G No Polymorphic site
310 D-loop T C No Polymorphic site
750 128 IRNA A G No Polymorphic site
1438 128 rRNA A G No Polymorphic site
2706 16S IRNA A G No Polymorphic site
4769 ND2 A G No Polymorphic site
4935 ND2 A G Thr—Ala No

5465 ND2 T C No Polymorphic site
6 620 (¢0) T C No Polymorphic site
7028 COI C T No Polymorphic site
7379 COI G A No No

8216 col C T No No

8 860 ATPase6 A G Thr—Ala Polymorphic site
9123 ATPase6 G A No Polymorphic site
9812 COIIL C T No Polymorphic site
10 876 ND4 A G No Polymorphic site
11719 ND4 G A No Polymorphic site
12 190 tRNA His A G No (T-loop) No

14 766 Cytb C T Ile—Thr Polymorphic site
15326 Cytb A G Thr—Ala Polymorphic site
16 182 D-loop A C No Polymorphic site
16 183 D-loop A C No Polymorphic site
16 189 D-loop T C No Polymorphic site
16 261 D-loop C T No Polymorphic site
16 360 D-loop C T No Polymorphic site
16 519 D-loop A G No Polymorphic site
8281-8 289 Deletions

mtDNA relative content

1.5

1.0+

0.5

0

D4 B4a
Bl BERD4FIBIaZHImDNARE DI
Fig.1 Analysis of mitochondrial DNA content
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mt-/6S rRNA relative content

2

D4 B4a

©

1.59

mt-7S RNA relative content

0

D4 B4a

SAURE 5 R 4EURE R LU (B (FCCP/baseline) /£ 7 FR 4
Jf 1) 3 9% 2 5 (EI3B). LA &5 R B, £ A0 [ 4%
FEPRS 5 R, A R DAL ) 28 R4 B AL BRI g
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2.5 BERIDIFIBIaBiL IR E &KL

ik — 35 B R DA T B4ag i 5] 5 B0 ki A4 IR g
ThRE 22 S W R IR, [ Bsf AR T )42 S BemtDN A G 7 3
DA 238 7K, JRATTR 44 i 28 A I W 52 5 Ak AR 3
EACEHEAT R (E4A) . 45 BRI, 165 R B4adh
LR S AR, TR 1) 3 B B DAFRL A5 B 41 i
MK, ULE A RIE N IE(E4B). Bhas BRI, 5
fERIDAFIB4a A5 RGN BB 2R RIAR B S KT. TR IAIK
TR 22 5 3 R R AR IR Th RE I 22 57
2.6 B{ZRIDAFIBLaZZ RIS (I EE AR

200 A IS H A7 R s Ak P A/ B ) 5 T R P
Ol 51 [ 9 2 R A 5 o (R 9 K8l At itk —
A I e B4 R DA B4aZ Jif 28 Fr A% B AL T IR fig
FRAVIE I PH B 7 R TMRMOGT P95 Ak 20 Ff gk 47 44 £ 31
R 5% 5 FE, 45 R BoR, AT AU DAY i 28 h 4k i
B 5 T B4adil i, Siit e B 2= R (ES).
T B A5 B DARIB4art — 350 N 20 5l R IA ARG
AN FERE R 2, DR, DL 25 40K, 2Rkt E i
WP T R 1) PR 5 3 22 IR R AR A7 LE R B

=

mt-NDI relative content

D4 B4a

A~C: RT-PCRZM G M b A IERINDI. 7S RNA. 16S rRNA mRNAZKF; #P<0.05, ***P<0.001
A-C: mRNA levels of NDI, 165 RNA, 16S rRNA were detected by RT-PCR; *P<0.05, ***P<0.001.
E2 B{ZRD4FIB4aZBHINDI, mt-7S RNA. 165 rRNAEREGEFKFHEM
Fig.2 Analysis of the transcription of VD1, mt-7S RNA and 765 rRNA in haplogroup D4 and B4a cells
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0- 0-
Baseline Oligomycin FCCP Baseline-oligomycin FCCP/Baseline

A: FAE T DARIB4aZil g S il EUFE S A Oligomycin(0.01 mg/mL)4b B J5 (U FE 518, B J5 II AFCCP(0.1 mmol/L)Ab 3 f& i) i K AU FE 1
B: 2R A S0 FE R {8 (baseline-oligomycin) i K Lok (4 S5 FE B 5 BE T S FE R LU *P<0.05.

A: the haplogroup D4 and B4a cells of basal oxygen consumption rate were measured and cells were treated with oligomycin (0.01 mg/mL) to
determine the status of respiration, then cells were treated with FCCP (0.1 mmol/L) to determine maximal oxygen consumption; B: mitochondrial-
dependent oxygen consumption rate(baseline-oligomycin) and the ratio between maximal oxygen consumption. Rate and basal oxygen consumption
rate were calculated. *P<0.05.

B3 2ERD4FBIaZifE S FER N
Fig.3 Analysis of mitochondrial respiration of haplogroup D4 and B4a cells

(A) B)
D4 B4a
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2 054
[}
=
CV (ATP5A) =
[
0
CI cIl cv cv

CII (SDHA)

A: FAETEDAMIBAaZ I LK 1 S 5 AR IE KPR CL LA 4KT; CIL: S AR, CHL: L E AR CIV: ARV, CV: AV, B: Zokifh &5
PRAERS L, ##P<0.01.
A: the haplogroup D4 and B4a cells of mitochondrial complex expression level were measured; CI: complex I; CII: complex II; CIII: complex III; CIV:
complex IV; CV: complex V; B: the relative expression of each mitochondrial complex; **P<0.01.
El4 $ERDIFIBIatAfILRIAE &R K FHEM
Fig.4 Analysis the levels of mitochondrial complexes of haplogroup D4 and B4a cells
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1.5+

1.0 4

0.5

Mitochondrial membrane potential

0-
D4

B4a

{8 FHTMRMOS DA BAaZ [ HEAT e 0 LU I 2ok A A7, S 4R AR TMR MAT G 6 E AH, **P<0.01

Haplogroup D4 and B4a cells were stained with the mitochondrial TMRM probe to determine the mitochondrial membrane potential, to calculate

relative average mitochondrial TMRM intensity; **P<0.01.

&5 E{ERIDATIB4aZf Lk f 2 f% BB AL A9 A€

Fig.5 Analysis of mitochondrial membrane potential of haplogroup D4 and B4a cells

ROS relative levles
(DCFH-DA fluorescence)

D4

RE 77 B AR DL S A 51405 19 0, IATP & Rt Ca™F&
A& L AREHE R B A R B2 Duicu
ST AL, SDK B AE B2 iR P, Ho LA
5-F RN QYRR A VA N e S L BT A N
ROSE 2 Tk, Ca™iff 5 1 4 4 8 325 1 4% 8 AL
(mitochondrial permeablity transition pore, mPTP) J}
g . BEAh, LeeZE R B, Hy0015 5 (135 3 B ik
2T 24 B 200 0 (10 20 0 £ 3R AP BRI 1k DL R 2R AR I
WRE I BRI T B LL BB TEIR Y, ZokifhT)
RERIRR IR S S RER AN —EERER, kAR
T-mtDNA B AU DA B4a ) Ty G 78 Wtk — 25 385
T4,

1911 Z8504F AX, Harman#{ 271 X342 4 H
HIBEEE 18, X — BB X B ML 4 T 7 YD
B HHT, BEEN LR FRIRAN, CRIZEL L

B4a
18 IIDCFH-DAX DARIB4a 4l 34T S (4, AHAA R OS L B/ 1, #5 DAZRNE 1 Jof BT+ S DCFH-DAA # B A, ***P<0.001.
Haplogroup D4 and B4a cells were stained with the DCFH-DA probe to determine the the level of ROS generation, the D4 cells were as the control cells to
calculate relative average DCFH-DA intensity; ***P<0.001.
Ele H{ZED4FIB4aZBHIROSIK F1&
Fig.6 Analysis ofthe level of ROS generation of haplogroup D4 and B4a cells
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