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OVEREXPRESSION OF POLRMT INCREASES 
MITOCHONDRIAL TRANSCRIPTION INITIATION IN MOUSE 

 Maria Miranda1,6, Andrea Mesaros1, Louise Pérard2, Irina Kuznetsov3, Martin Purrio1, Ilian Atanassov1, Aleksandra Filipovska4, Arnaud Mourier5, Inge Kühl2*

POLRMT is the sole RNA polymerase in human mitochondria where it generates primers for mitochondrial DNA (mtDNA) replication and transcribes the mitochondrial genome to express genes encoding essential components of the oxidative phosphorylation (OXPHOS) 
system. Elevated POLRMT levels are found in several cancers and in mouse models with severe mitochondrial dysfunction. Here, we generated and characterized mice over-expressing Polrmt to investigate the physiological and molecular consequences of elevated 
POLRMT levels. Increasing POLRMT did not result in any pathological phenotype but instead positively affected exercise capacity under stress conditions. POLRMT overexpression increased in organello transcription initiation, resulting in higher steady-state levels of the 
promoter-proximal L-strand transcript 7S RNA and higher mtDNA levels. Surprisingly, the abundance of mature mitochondrial RNAs was not affected by the elevated POLRMT levels. Furthermore, ubiquitous simultaneous overexpression of POLRMT and LRPPRC, which 
stabilizes mitochondrial messenger RNAs, did not increase steady-state levels of mitochondrial transcripts in the mouse. Our data show that POLRMT levels regulate transcription initiation, and that additional regulatory steps downstream of transcription initiation and tran-
script stability limit OXPHOS biogenesis.
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THE MITOCHONDRIAL RNA POLYMERASE (POLRMT) 
 IS KEY FOR MTDNA EXPRESSION
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POLRMT mutations cause neurological disease.

POLRMT is a novel oncogene. 

POLRMT OVEREXPRESSING MICE ARE VIABLE

POLRMT is the only RNA polymerase 
in mammalian mitochondria.

POLRMT generates short replication primers.
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Mammalian oxidative phosphorylation system (OXPHOS)
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Pyrosequencing analysis of the ratio of wild-type (G) and transgenic (T) alleles in
DNA isolated from tail biopsies in +/+ and +/T mice; n: 9 per genotype and gender. 
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POLRMT OVEREXPRESSORS SHOW INCREASED EXERCISE CAPACITY

Distance run on treadmill challenge at day 0, 8, and 15. n: 8-12 per genotype. 
Distance run in free running wheels during the exercise challenge. 
n: 8-12 per genotype. Error bars ± sem. *p<0.05, ***p<0.001, ANOVA.
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Cumulative distance travelled per day in +/+ and +/T mice at di�erent ages; 
grey background, dark cycle; white background, light cycle; 
n:7-9 mice/genotype.
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Oxygen consumption analysis on isolated  mitochondria 
analyzed under phosphorylating (state3), non-phospho
rylating (state 4), and uncoupled conditions. 
n: 3 per age. Error bars ± sem. ***p<0.001; ANOVA.
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POLRMT OVEREXPRESSION INCREASES 7S RNA
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CO-OVEREXPRESSION OF LRPPRC AND POLRMT 
DOES NOT INCREASE OXPHOS CAPACITY

RNA-Seq of mt-rRNAs and mt-mRNAs on total RNA from heart of 14-week old Lrpprc +/T,
Polrmt +/T, and Polrmt +/T; Lrpprc +/T. Data is normalized to +/+, represented by the dotted
line; n: 3 per genotype. 

Steady-state POLRMT and LRPPRC levels 
in mitochondrial extracts. Loading: VDAC.

Representative western
blot of OXPHOS subunit
levels in isolated mito-
chondria from heart at 
di�erent ages; 
n:3 per genotype.

POLRMT OVEREXPRESSION MODERATELY 
INCREASES MTDNA LEVELS

 
Western blot of factors required for mtDNA 
replication expression in +/+ and +/T mice. 
Loading: VDAC; n:3-4 per genotype; 
asterisk: unspeci�c band.

Left: Representative Southern blot analysis of mtDNA levels at di�erent ages. 
Right: Quanti�cation of mtDNA levels from Southern blot at di�erent ages. 
Normalization 18S rDNA. *p<0.05 ANOVA; n: 4-6.

Right: Representative in organello replication on isolated 
mitochondria from heart. Left: Quanti�cation of 3 experiments. 
Input: Western blot of SHDA and steady-state mtDNA levels.
Normalization: protein input; n: 5 per genotype. Error bars ± sem
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Left: de novo synthesized mitochondrial 
transcripts analysis from hearts of 14-
week old mice.  Upper right: Quanti�cation 
normalized to VDAC and +/+ signal; 
n: 10; *p<0.05, one sample t-test (μ=100). 

Quanti�cation of mt-RNA levels 
from northern blot analyses;
normalization 18S rRNA; 
*p<0.05; ***p<0.001; 
ANOVA; n: 4-6 per age.


