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Abstract In our previous study, we generated cybrids with identical background of nuclear genome
containing mitochondria of synaptosomes from mice at different ages, and found that the overall mitochondrial

function in old group was significantly decreased compared with that in young group. To explore the molecular
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characteristics of cybrids with severe mitochondrial dysfunction associated with aging, we tested three cybrids from
old group with severe overall mitochondrial dysfunction and one cybrid from young group with normal function as
control. After the levers of oxygen consumption and ATP synthesis were ensured with significant decreases (P<0.05 or
P<0.01), high-throughput sequencing was used to detect mitochondrial DNA (mtDNA) mutations, especially detecting
heteroplasmic mutations with low abundance, and further, the respiratory chain complex-dependent respiration
was examined. The sequencing results showed that point mutations in mtDNA were significantly accumulated in
aging cybrids. These mutations included three variations in non-coding region, two (heteroplasmy m.15849G>T,
m.16289A>T) of them were likely to be deleterious based on the analysis of DNA conservation; four variations in
coding region, two (homoplasmy m.12496T>C in ND3, heteroplasmy m.15199A>T in Cyt b) of them were likely to be
damaging based on the analysis of DNA and amino acid conservation, and the prediction of protein function. Further
results showed that cybrids with mutations in subunit ND5 of complex I (or subunit Cyt b of complex III) together
with two mutations in control region showed significant decreases in the complex I (or complex III) dependent
respiration (P<0.05 or P<0.01). In conclusion, the overall mitochondrial dysfunction occurred in aging cells probably
resulted from heteroplasmic and even homoplasmic mutations in the regulatory region and coding region of mtDNA.

Accumulation of multiple mtDNA mutations could result in impairments in the function of mitochondrial respiratory

chain complexes, and thus contributed to overall mitochondrial dysfunction and led to aging.

Keywords
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A: the oxygen consumption in intact cells; B: the ratio of oligomycin-sensitive [(base—oligomycin resistant)/base] oxygen consumption; C: the ratio of
FCCP-uncoupled (FCCP/base) oxygen consumption. *P<0.05, **P<0.01 compared with control cybrid.
Bl ZERRREABRIEFKT
Fig.1 Oxygen consumption of the aging cybrids
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A: the base ATP content; B: the ratio of oligomycin-sensitive [(base—oligomycin resistant)/base] ATP content. *P<0.05, **P<0.01 compared with

control cybrid.

E2 ZFEMERKEAMATPEE
Fig.2 ATP content of the aging cybrids
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PKIBEM: 20 FHRIC; JKIE 1: 4 545 bp; 7kiB2: 4 861 bp; ¥Kki&3: 4 677 bp; ¥kiki4: 2 916 bp.
Lane M: marker; lane 1: 4 545 bp; lane 2: 4 861 bp; lane 3: 4 677 bp; lane 4: 2 916 bp.
E3 NEmtDNALEFHR4MPCRIERER

Fig.3 Four PCR-amplified fragments of mouse mtDNA complete genome

F1 SEENFREVEEESTER

Table 1 The result of high-throughput sequencing and bioinformatic analysis

RAZE(%o)* X REAENZECRS
RAR Mutation rate (%)* fiE  CI*  aal )b’ FAR Corresponding in human CRS
Mutation  Xf & 025 049 077 Locus CI* Change ofaa®  Mutation aaff) 221k Cr* X AN
Control 025 049 077 Change ofaa CI®  Region Effect™
m.12496T>C 0 99.41 94.73 ND5 100% p.M252T m.13091T>C  p.M252T 72% TM Damaging
m.15199A>T 0 5.55 6.78 11.68 Cytb 100% p.Q352L m.15801A>T p.Q352L 93% TM Damaging
m.15849G>T 0 5.36 NCR 87% m.16558G>T
m.16289A>T 0 15.25 14.07 17.56  NCR 60% Non corresponding

*PIN T RAEF>5% I HAT B X INRAL . BRNDS & A 5 A2 4k, e 5 iR R 2 . * 2EF Clustal XX 19F HEZIPImDN A 7347 -
BRCOX-DER) LIRALA, FEREINH LA . AR T 205 000Fh BB MR IE RN 7347 . 2 T Mitoclass 1F1Polyphen 2%(4f5 240} & 1 i

THRERI I . TM: P55

*The mutations with mutation rate>5% and meaning were listed. Except ND5 was homozygote, others were heterozygote. *Based on the

analysis of clustal X for mtDNA of 19 vertebrates. “Except COX-I was synonymous mutation, others were missense mutation. “Based on the

analysis for amino acid of around 5 000 eukaryota. *Based on the prediction of mitoclass 1 and polyphen 2 database for protein function. TM:

transmembrane.
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Complex-dependent respiration

O, consumption
(fmol/min-cell)

Complex I

Complex IIT

Complex IV

H Control [ 025 049 3 077

#P<0.05, **P<0.01, 15X IR 5 A A AL LL 4%
*P<0.05, **P<0.01 compared with control cybrid.

El4 ZFRMEZAE MR E & AT IRERRE

Fig.4 Defects in complex-dependent respiration in aging cybrids
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