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Identification for the first time : microRNAs in mitochondria



Epigenetic in nuclei and 

mitochondria



Mitochondria
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• mtDNA : extranuclear genome came from your

Mother -37 genes : 13 for proteins (phosphorilation enzymes)

[N.B., all other proteins coded in nuclear DNA]; 22 for tRNAs; 2 for 

rRNAs (12S, 16S)

• Hundreds to thousands mitochondria per cell

• 2-10 mtDNA copies per mitochodrion

Functions : 

-energy production : 95% of cellular ATP

-role in apoptosis 

-…

Stimpfel et al, stem cell rev and rep



Mitochondria : frontline of cellular response to environment
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• mtDNA defects or mitochondrial dysfunction induce degenerative diseases, 

ageing 

• mtDNA is targeted by ultraviolet radiation. 

It maybe a candidate biomarker of cumulative exposure in skin

• Oxidative damage 5 to 10 times higher than nuclear DNA (direct exposure to 

endogenous ROS, lacks protective histones, diminished DNA repair capacity)



The main epigenetic mechanism
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Mitochondrion Nucleus

DNA methylation

nucleoid modification

Mitochondria non coding RNAs : microRNAs Nuclear non coding RNAs : microRNAs

mtDNA methylation

histone modification

Needs for news dedicated methods

Stimpfel et al, stem cell rev and rep
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RNA interference a breakthrough in gene regulation

RNA interference

mechanism description
Fire et al.(Mello), Nature

transcriptional gene

silencing discovery

1990 1998

1st microRNA : Lin-4
Lee et al, Cell

1993

Nobel price in medecine

and physiology
Mello and Fire

2nd microRNA : Let-7
Reinhart et al, Nature

2001 2006 2015

More than 2500 mature 

miRNAs in human
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One microRNA regulates several genes (near from 1000 targets)

Study function of microRNAs are becoming increasingly complex

One gene can be regulated by several microRNAs
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MicroRNA role in mitochondria?



Innovative methods for microRNAs

analysis in mitochondria



In silico technologies for microRNA studies
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Seed sequence

Evolutionary conservation

Databases

Source image : http://www.b2bnn.com/

-Index all microRNAs (seed sequence and 

conservation)

-Predict microRNAs biological gene targets

-Predict molecular function of microRNAs

14.03.2018. Epigen. ADEBIOTECH
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In silico analysis, a guide for the direction we should take
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Barrey and Saint-Auret et al, Plos one

miR Databases mtDNA sequence

alignment
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25 miR33 pre-miR

HIS : hsa-mir-302a

Hsa-mir-let7b

HIS : hsa-mir-365

Barrey and Saint-Auret et al, Plos one



Colocalisation procedure
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Barrey and Saint-Auret et al, Plos one

Probe with double digoxigenin

miR of interest

Alexa-labelled-antibody
Mitochondria labelling by mitotracker

Controls  for specific labelling

-U6 nuclear small RNA only in nuclear

-Double digoxigenin Scramble mir

-Competition with probe without digoxigenin

Confocal microscopy and quantification



Results
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MicroRNA and mitochondria localisation Confocal anlysis for 

co-localisation
Competition test

Controls : Specific

labelling

-U6 nuclear small RNA only

in nuclear

-double digoxigenin

Scramble mir : no signal

-Efficient Competition

Results :

-hsa-pre-mir-let7

-hsa-pre-mir-302a

-hsa-mir-365

Colocalisation with

mitochondria
Barrey and Saint-Auret et al, Plos one



MicroRNAs Quantification
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46 microRNAs identified in pure mitochondrial extract including miR of interest

Mitochondria purification

RNAse treatment

Dedicated Mirome analysis : 

Purity validation

Q-RT-PCR

RNA seq



Biological breakthroughs using new 

methods



MicroRNAs functions in Mitochondria
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• From cytosol and regulate mtRNA

• From cyotosol and regulate nRNA

• From mtDNA and regulate mtRNA

• From mtDNA and regulate nRNA

Latronico et al , circulation research



MiR in Mitochondria dynamics (autophagy)
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Filipe V. Duarte et al , genes



Conclusions
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Epigenetic regulates a large majority of biological process in nucleus and mitochondrion. 

We demonstrated for the first time the presence of miR in mitochondria using new 

methods

Outcomes : study of others organites and others cellular processes

14.03.2018. Epigen. ADEBIOTECH

In silico analysis, a guide for the direction we should take

HIS a new method to localize and colocalise microRNA in cells.
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