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MITOCHONDRIAL TRANSCRIPTION INITIATION IN MOUSE  (52sis
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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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st IS KEY FOR MTDNA EXPRESSION OVEREXPRESSING POLRMT

“""“““‘ ‘ :: , 0 ‘ :: ’ "o:%."%.. . ) . . R . .I d t B A C:
@. - . Transcription Transcription Transcription Vélh 1):)pe . ——
) . - &0 BTG o 0

L initiation elongation termination 7 A

R
o
o
o
o
o
5
5
5
o
o
S
"
s gy
5
S
5
s
s
5
S
L
5
5
5
Iy
L
I
I
I
1l
-
-
-
-
-
-
-
-
-
.
.

Hindlll Hindlll
Polrmt (G>T) BAC:

| chr. 10[0G E3 = Chr. 10
- +/T Hindlll Hindlll Hindlll

’

1

<@
"

(Tm . Mouse mtDNA T | Hind II T S
o) N ! o O
3 H S~
25
Transcription for replication = Q
) , kb
primer formation | . -
POLRMT is the only RNA polymerase wild type Chr. 10 m oL e | IEEHER chr.10 . a2
. . . . ST =L - 14/15
In mammalian mitochondria. . T '
---------  RNA primer POLRMT generates short replication primers. B e e -
N
S \ RED/ET recombination %‘ 100
Non-coding s Polycistronic mtRNA POLRMT mutations cause neurological disease. Polrmt (G>T) S e
Chr. 10 | 3 | Chr. 10 &l
A 3 = T
t-rRNA TAS : -7 T c |
L e POLRMT is a novel oncogene. - . e g 0
Q Mt-tRNA I MTERF1 binding site 5 25
A AGAAGCTTGT CTG -‘8 0 |
CTEET R QO o q e D rerm @ =~ o E e &
mERNA MONA @mt'ﬂr Promoter @) SSBP1 Pyrosequencing analysis of the ratio of wild-type (G) and transgenic (T) alleles in
Matrix DNA isolated from tail biopsies in +/+ and +/T mice; n: 9 per genotype and gender.
l ®26-28w heart  SKM BAT kidney liver  spleen 013w INCREASES MTDNA LEVELS :
S 1504 @ 52-58 w S, heart 14w %w 52w heart liver skeletal muscle
= * &N * & * &N * &N * &N * N © — 3004 o : : :
o< |o L X X FF ¥ ¥y 50 0 N - : 2R ! ‘ ‘
c 2 1004 —'%— £0 L0l = 200 e . g g
© o :o POLRMT —| e v | e s | e o | o e | o | %i MIDNA — I . - “, 5@150_ O 13-16w . e 5] 5] 5]
— © Qo - : > . .
= (]>) 50 °3 ' e MIDNA 4 COX11 | |
E ()} | — &I) 100+ <Z’:'o100- ® 26-28w ° : :
S~ VDAC- T B ™ " = Wy == E'c_; : g8 50 - - 2_NDUFAF2 5 g | a
O e S T ® 1 - ®
Q. 0  —— e = 0 J 185 rDNA —§ £ § ®52-58w | 1 1 L rar URF A ¥ A S R A § AP A A 5 BV A
& %of++ QO AN A QP O™ Q% Q © o 2 — S o = e . 15 o 11 . . o
n R QO RO LV Lo Lo Do = + = E A - . RA°
¥y T Y N TS 5 : :
Left: Representative Southern blot analysis of mtDNA levels at different ages. g T 0L : : : 01 : : ;
Polrmt transcript levels POLRMT protein levels in mitochondrial extracts Right: Quantification of mtDNA levels from Southern blot at different ages. de novo g ~15-10-0500 05 10 15 -4 -2 0 2 -1 0 1
from different tissues of +/+ and +/T 52-week old mice Normalization 185 rDNA. *p<0.05 ANOVA; n: 4-6. mtDNA 2
O++ BHT 013w @26w ' synthesis 5
S 4 41 4
pyruvate/glutamate/malate ]
°° 9 5 5
900-| ¢ : 14-16w 26w 52w i > 5 3 5 i
5} " KARS :
5 600- r &N * & & S DNA{ - ‘ 9l MRPL2Z2 2 | 5 MTIES
< N N — TFBIM, — ygpiyo 5 B <.
40/ females 40- males = 30- = | MRPLeZgSUPVELYL | QMRPSTZ® | FASTKD2, | % oMAPLSS
éé £ ot POLRMT —| = o e st e e P 5 1] MRPLIESR 318 1- - 1- 4 4
(=) g 0 > NS 3 5 ! B eoop:
= > o @ & ¢ @ ¢ £ 10| g ) - ».
-g) 30- 30- O § 5,@ é@ c)o\}Q 53@ E,@ § TEAM —| s s s o S o % 1 0-I | | ; | | | 01 | | | | 01 | ; |
2 x g $§ $§ < steady- -15-1.0-05 0.0 05 1.0 15 -4 -2 0 2 -1 0 1
@ Ol £ 50 1 > state log,(OE/WT)
i g @QQ}@ % succinate/rotenone SSBP1 A B — % miDNA ® OXPHOS proteins 2 nom.P value =0.05
£®) S ® : : .
_8 204 (M 20 é (% . 5 TWINKLE SIS S - 8 S Mitochondrial gene expression proteins
0 o © — TFAM SSBP1 TEFM
. . . . ; ; ; ; o VDAC —1 = i i o e . P=0.052 P=0.955 P=0.846
50 100 150 200 50 100 150 200 < 5007 | 25 wol 1
580 a4 29.8 .
Age [days] 0 W m Western blot of factors required for mtDNA Right: Representative in organello replication on isolated 3 28 EE 523 ool | ==
S ég o o é"b replication expression in +/+ and +/T mice. mitochondria from heart. Left: Quantification of 3 experiments. S e — 3 A o e 5
LA - A A Loading: VDAG; n:3-4 per genotype; Input: Western blot of SHDA and steady-state mtDNA levels. z J— .
Body weight curves; n: 7-16 per gender and genotype. g, grams; S S asterisk: unspecific band. Normalization: protein input; n: 5 per genotype. Error bars + sem S P=0.511 P=0.574 \,’,'30‘.\7(7311
grey:+/T, white:+/+;***p<0.001 ANOVA repeated measurements Oxygen consumption analysis on isolated mitochondria E 36.0 s s s I
analyzed under phosphorylating (state3), non-phospho g e == 33.4 —+ a72 E —
rylating (state 4), and uncoupled conditions. z:j S Sl o a7 .
n: 3 per age. Error bars £ sem. ***p<0.001; ANOVA. ' wT OE wT OE wT OE

POLRMT OVEREXPRESSION INCREASES 7S RNA CO-OVEREXPRESSION OF LRPPRC AND POLRMT POLRMT OVEREXPRESSORS SHOW INCREASED EXERCISE CAPACITY

2 200 - 200 - 200 - “ . Metabolic cages Females Males
£
) o 3 12001
N S N
& o & 1501 § § RAD (Rodent Activity Detector) 8
4 = N ~ odent Activity Detector N 500 -
S =00 RN NN 5
S < &R ¢ § g 3
b<z,: + 853 i@ngg ; E. 600
X 50 - N LR - Representative western /// §
& 200 POLRMT —| s s s CV (ATPSAT) blot of OXPHOS subunit ; _ % 300
0 @ Clll (UQCRC2)|™ ™ ™™ ™| levels inisolated mito- a +' T -I_“- +-|—‘—- +.
X, 150+ Q 150 chondria from heart at 0- ——
S og O ° 3 ® e LRPPRC — e CIV (mt-CO1)—a s different . 10 26 52 10 26 52 10 26 52 10 26 52
2 1004 T 100 Cll (SDHB - Loemage Age [weeks] O ++ @ +/T
N E VDAC et (SDHE ). n:3 per genotype. 9
g 50 50
— CI (NDUFBS)| Cumulative distance travelled per day in +/+ and +/T mice at different ages;
det g‘;\‘lfz = od 0 Steady-state POLRMT and LRPPRC levels grey background, dark cycle; white background, light cycle;
mt- ) . . . o =0
synthesis % 200 - o 200 in mitochondrial extracts. Loading: VDAC. VDAC_ . n:7-9 mice/genotype.
. > Treadmill
P -, ¥ _ 1501
N £ 160 .
o '@ 140~ r o, T % : x % 150 -
> S : : : < 200; .
100 -+-ereeeereareaneaees 2 5 120+ £ o, X oS e _ £
_ < % * s O =X,
X Z3 O - bl S = O = I SOt 5 IS | e O c C 150- O |
= 5 & 9 100 & 3 . < %100
3 E g 80- : y S = 100{ % 2w L
A T 2 ES ST 5
> o O run 1 run 2 un3 ST ch-a
Z 1 . (W)
X 25 - 38 40- 8 = >0 8
g S o day: 0 8 15 =5 .
» © ] — 0
J 0 — @ 8 20 | | | run1 run2 run3 / u
SR N TIC ] +/+ m +
— * * 0 - +/+ -
[t Nd6 e j steady state © 13-16w  © 26-28w  ©® 52-58w P & & & PR NP | M | M 1 O ++ BT
) NN R S N O RS SO U free free
VDAC —| Se——— J> input Quantification of mt-RNA levels & & running wheel running wheel Distance run on treadmill challenge at day 0, 8, and 15. n: 8-12 per genotype.
. . . . from northern blot analyses; ! T Polrmi +/T Polrmit +/T- L T Distance run in free running wheels during the exercise challenge.
Left: dg novo synt.hesuzed mitochondrial normalization 185 rRNA: mLrpprc mPolrm = Polrm . Lrpprc ‘ ‘ n: 8-12 per genotype. Error bars = sem. ¥p<0.05, ***p<0.001, ANOVA.
transcripts analysis from hearts of 14- *p<0.05; ***p<0.001; ‘ ._ ‘ :
week O!d mice. Upper right: Q'uantiﬁcation ANOVA; n: 4-6 per age. RNA-Seq of mt-rRNAs and mt-mRNAs on total RNA from heart of 14-week old Lrpprc +/T, | @
normalized to VDAC and +/+ signal; Polrmt +/T, and Polrmt +/T; Lrpprc +/T. Data is normalized to +/+, represented by the dotted
n: 10, *p<005, one Samp|e t-test (u:1 OO) |ine; n:3 per genotype.
R ’
. os . . I I T PARIS-SACLAY @
Nils-Goran Larsson group, Karolinska Institutet, Stockholm, Sweden S
. . . . . . ECOLE DOCTORALE
James B Stewart & Lall.a Singh, N.e.wcastle Unlver5|ty,.Un|ted Klr\gdom | I Structure et Fondation INNOVER POUR GUERIR Y L
Ingo Voigt, Transgenesis core facility, Max Planck Institute for Biology of Ageing, Germany SUEDE gg;'as;;gﬁes pour 'S?Jr!?:g:r_:':
Cologne Center for Genomics, Germany vivants (SDSV)




