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enel ‘ Mitochondria

THE RNAi SWITCH =

128

ANA F_D-oop «  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

[ GH
con K 8 6 ooy NO3
ATPase

Functions :
-energy production : 95% of cellular ATP
-role in apoptosis

Stimpfel et al, stem cell rev and rep
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gene! |Mitochondria : frontline of cellular response to environment

THE RNAi SWITCH =

*  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)
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enel | The main epigenetic mechanism

THE RNAi SWITCH =

Mitochondrion Nucleus

DNA methylation
o N
wi, ot «... NUCleoid modification histone modification
.memm e ”:k,m. ﬁ%,
Mitochondria non coding RNAs : microRNAs Nuclear non coding RNAs : microRNAs

Needs for news dedicated methods

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

THE RNAi SWITCH =

1990 1993 1998 2001 2006 2015
\ 4 \ 4 \ 4
transcriptional gene RNA interference Nobel price in medecine
silencing discovery mechanism description and physiology
v Fire et al.(Mello), Nature v Mello and Fire v
1st microRNA : Lin-4 2nd microRNA : Let-7 More than 2500 mature
Lee et al, Cell Reinhart et al, Nature miRNAs in human
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THE RNAi SWITCH =

One microRNA regulates several genes (near from 1000 targets)

One gene can be regulated by several microRNAs

Study function of microRNAs are becoming increasingly complex

MicroRNA role in mitochondria?
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THE RNAi SWITCH =

genel | In silico technologies for microRNA studies

Seed sequence

miRNA SEED-Region
] 2

-Index all microRNAs (seed sequence and
conservation)

| | | | R s | | [ | | . . . .
3 (iR - G- -0 o©° -Predict microRNAs biological gene targets

-Predict molecular function of microRNAs

Evolutionary conservation

a
UAUGUAUGAAGAAAUGUAAGGU-5' miR-1
NHEHNHACAUUCCA i Human
MR ACAUUCCA Chimpanzee
HINEACAUUCCA Rhesus
NHACAUUCC 11 Rabbit
HHEHRACAUUCC Mouse
INHHACALBUCCL NN Rat
INNRLICALIIC i Cow
NNCCA M Horse =
NNNNNCCALUCCONNNN Dog =1 e
NNNNNCCAUUCK | Elephant Source image : http://www.b2bnn.com/ =
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genel ‘ In silico analysis, a guide for the direction we should take

THE RNAi SWITCH =

miR Databases

Barrey and Saint-Auret et al, Plos one

mtDNA sequence

128
ANA F D-oop

Heavy
strand

ND5

Light
strand

alignment

mEDHA

UDAAUUCCCCUAAARAUCUDUGAARUAGGGCCCGUAIUTACCCUAUAGCACCCCCUCUAC
[ Frerereeerr

L LARUGOOCL UAARARRILLULIAL Z2

hsa-miR-365 (evalue: 0.045)
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THE RNAi SWITCH =

miRNA ID Accession # Strand Score Evalue
hea-mir- 1267 MIDD06404 — 1456 o022 miRNA ID Accession & Strand Score Evalue
hsa-mir-302a MIOD00738 + 143 0035
| hsa-miR-365 MIDD0O7 67 - 137 0045
hsa-let-7b MIDO00053 - 138 0055
hsa-miR-31* MIO00D0ES - 1318 0.068

hsa-mir- 1296 MIO003780 + 1359 0.065
s N _ e e hsa-miR-652 MIDD0 3567 + 1296 0.12
hsa-mir-7-2 MIDDD0264 + 128.5 014 hea-miR-557 MID003563 4 1254 019
hsa-mir-632 MIo003647 + 1267 021 hsa-miR-590-5p MID003602 + 1243 023
tesatvik 3k MiDooease + 1232 £ hsa-miR-7-2* MID000264 : 123 027
hsa-mir-541 Miooos529 N 1244 o3

_ hea-mif-516b MIDDO3167 “ 1224 029
hsa-mir- 1256 MIDDOG390 . 1214 032
hea-mir 576 MID003583 = 1216 039 hsa-miR-7465 MID005116 = 1214 035
hsa-mir-412 MID002464 + 1218 04 hsa-miR-127-5p MiDo0o4 T2 + 1211 03s
hsa-mir-1273 Migos403 = ney 046 hsa-miA-190b MI0D05545 - 1211 037
Hal b0 BRI 2 - 124 047 hsa-miR-637 MID003552 + 1206 034
hsa-mir-595 MIDO03607 = 12001 048 3 3 re m i R ; .
Byl MIDGOERTS -~ yiE i p hsa-mif-935 MIDDO57 58 + 181 051 25 I ' l I R
hsa-mir-526b MID003150 + 193 061 hsa-miR-582-3p Mi0003589 = nzz 054
hsa-mir-320b-1 MIDOO3776 . 1186 069 R h . hea-miR-451 MIDDD17 29 - 175 055 .
PR BNOETS z L7 = HIS . Sa_““r_302a hsa-miR-606 MID003619 + nzs 058 HIS . hsa'““r'365
hsa-mir- 1243 MIDO06373 - w 073
hﬁ-:ﬁ; = s H S a m i r I e hsa-miR-198 MID000240 = nz 059

54842 0003671 + 1163 077 - - t7 b
hsa-mir-1322 MIo006653 v 186 078 fea-mif-328 Miooooe0d . L] Gie
hsa-mir-329-1 MIO001725 + 1174 08 hsa-miR-132* MO0 0449 + 1ns 0.76
hsa-mir-320.2 MIDOO1726 . s o8 hsa-miR-186 MIOO00483 == 14 086
ey - Hies o hsa-miR-10b* Mio0o0267 . 137 09
hsa-mir-518f MIDDO3154 - 1159 089 :
hsa-mir- 1286 MIDDDE348 + 1168 09 1‘53 5 Mmng . L by
i s i P - i1 — hsa-miR-589* Mig003s99 - 1129 091
hsa-mir- 579 MID003586 = 1148 og hsa-miR-556-3p MiDDo3562 = 1nze 1
i SON00750 ‘ 135 0:52 hsa-miR-135a MH0000452 - 1124 1
hsa-mir- 54832 MIDO03598 - 1145 096
o o hsa-mif-582-5p MiDD03588 “ ma4 1

hsa-mir-532 MID003205 - 1146 1
hsa-mir-B83 MIDDO5540 - 1157 i

Barrey and Saint-Auret et al, Plos one
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THE RNAi SWITCH =

genel | Colocalisation procedure

. Mitochondria labelling by mitotracker
Alexa-labelled-antibody

Probe with double digoxigenin

—~—— miR of interest

Controls for specific labelling

-U6 nuclear small RNA only in nuclear
-Double digoxigenin Scramble mir
-Competition with probe without digoxigenin

'

Confocal microscopy and quantification

Barrey and Saint-Auret et al, Plos one
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THE RNAi SWITCH =

Confocal anlysis for

e Competition test
co-localisation

MicroRNA and mitochondria localisation

Labelled Locked
Nueleic Acid
miRCURY LNA™

LNA™, MitoTracker®
and Hoechstd342

overla‘

Digoxigenin labelled C

petition with 10X
more unlabelled
LNA™

Hoechst 33342 MitoTracker®

Locked Nucleic Acids
miRCURY LNA™

Negative
control Ng.?;lr‘;e
B a
U6 positivi UB positive
control control
G Cc
Let-7Tb Let-Tb
D D
Mir-365 Mir-365
E - s o
Pre-let7b Pre-let?b R

F
Pre-mir-
302a

»
F
re-mir-302a
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Barrey and Saint-Auret et al, Plos one

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
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genel | MicroRNAs Quantification

THE RNAi SWITCH =

%

Mitochondria purification » Purity validation
RNAse treatment

Dedicated Mirome analysis :
1]

BEERE ° e

Py ¥

46 microRNAs identified in pure mitochondrial extract including miR of interest
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methods g

THE RNAi SWITCH =




THE RNAi SWITCH =

miRNA Target miRNA Location Model Reference
miR-338 COXN Cytosol Sympathetic neurons, rat 16
miR-23a/b Glutaminase Cytosol Lymphoma cells, human 17
miR-210 COXX; inon-sulfur cluster homolog Cytosol Colon epithelial cells, human 18
miR-15a Uncoupling protein-2 Cytosol Pancreatic 3 cells, mouse 19
miA-126 Insulin receptor substrate-1 Cytosol Breast cancer cells, human 20
miR-G696 Peroxisome proliferator-activated receptor—y Cytosol Skeletal myocytes, mouse Fal
coactivator 1-ce
miR-743a Malate dehydrogenase Cytosol Brain neurons, mouse 22
miR-17* Mitochondrial antioxidant enzymes Cytosol Cancer cells, human 23
miR-130a COxig Mitochondria Liver, rat 4
miR-181c CoxXl Mitochondria Cardiomyocytes, rat 13

Latronico et al, circulation research

14.03.2018. Epigen. ADEBIOTECH

| MicroRNAs functions in Mitochondria

From cytosol and regulate mtRNA
From cyotosol and regulate nRNA
From mtDNA and regulate mtRNA
From mtDNA and regulate nRNA
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gene! | MiR in Mitochondria dynamics (autophagy)

THE RNAi SWITCH =

fission

I il
miRNA Target Effect on autophagy Reference
miR-101 STMNI. RABSA and ATG4D Inhibitor [70]
miR-204 LC3 Inhibitor [71]
miR-30a Beclin 1 Inhibitor [72.76]
Filipe V. Duarte et al , genes miR-137 NIX, FUNDC1 Inhibitor (mitophagy) [77]
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THE RNAi SWITCH =

& 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
In silico analysis, a guide for the direction we should take
HIS a new method to localize and colocalise microRNA in cells.

B Outcomes : study of others organites and others cellular processes
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