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Mitochondria perform diverse functions

mitochondrial DNA

-ATP production
-TCA cycle

-B-oxidation
-ROS generatio

respiratory chain

(Courtesy of K. R. Porter, University of Maryland Baltimore County)




Respiratory chain subunits are encoded
in two genomes
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Respiratory chain subunits are encoded
in two genomes
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MtDNA mutation cause mitochondrial dysfunction
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Human mtDNA mutations associated with diabetes

I Transfer RNAs

Mutations assoclated with diabetes|

Maechler and Wolleim; Nature(2001)



Human mtDNA mutations associated with diabetes

Diabetologia (2008) 51:602—-608
DOI 10.1007/500125-008-0933-z

ARTICLE

A mitochondrial DNA variant at position 16189 is associated
with type 2 diabetes mellitus in Asians

K. S. Park - J. C. Chan + L.-M. Chuang - S. Suzuki -
E. Araki - K. Nanjo - L. Ji - M. Ng - M. Nishi -

H. Furuta - T. Shirotani - B. Y. Ahn - S. S. Chung -
H.-K. Min - S. W. Lee - J. H. Kim - Y. M. Cho -

H. K. Lee - for The Study Group of Molecular
Diabetology in Asia

Received: 7 November 2007 /Accepted: 1 January 2008 /Published online: 5 February 2008
© Springer-Verlag 2008

Park et al; Diabetalogia (2008)



Mammalian mitochondrial DNA (mtDNA)

HSP

HSP

—fed
12 mMRNA @ tRNA
14 tRNA

LSP ND5

1 mRNA

8 tRNA

Replication primer L(CUN)
ﬁ(AGY)

ND4

S(UCN)

COXIlI
coxil K aATpe



MtDNA expression require nuclear factors
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Mitochondrion
factors for replication
and transcription of mtDNA
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Human mtDNA expression factor TFB1M
s associated with diabetes
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MtDNA expression require nuclear factors

f
Mitochondrion
factors for replication
and transcription of mtDNA
-PolG
© ¢ T
oo TFBIM MtDNA
o TFB2M L.
-POLRMT ranscription
-Twinkle
respiratory chain subunits
o -NDUFS1
(oS -NDUFS2
0o -SDHA
-SDHB
etc.
-




Transcription of mammalian mtDNA

HSP : heavy strand promoter
HSP LSP : light strand promoter




Initiation of mammalian mtDNA transcription

CSB F 12SRNA 16S rRNA L

POLRMT : mitochondrial RNA polymerase
TFAM : mitochondrial transcription factor A
TFB1M-2M : mitochondrial transcription factor B1-2

Falkenberg et al.; Nat Genet (2002)



Reconstituted mtDNA transcription system
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Repression of mammalian mtDNA transcription

POLRMT : mitochondrial RNA polymerase

TFAM : mitochondrial transcription factor A
TFB1M-2M : mitochondrial transcription factor B1-2

MTERF3 : mitochondrial transcription termination factor 3

Park et al.; Cell (2007)



Termination of mammalian mtDNA transcription

HSP : heavy strand promoter
HSP LSP : light strand promoter




In vivo function of TFB1M



TFB1M is homologous to small rRNA methyltransferase
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- Important for ribosome assembly



Generation of TFB1M knockout mouse

A
probe
I [- I I N I wild type TR 7m locus
Il Sper ;I IV Spel V
fLoxP  Frt  FrtloxP ™,
d P I—- Targeting vector
I spel Spel IV
Homologous recombination
c
Targeted loxP-neo locus
LoxP Frt FrtLoxP
probe
e e |
[ [ I
Il Spel - Spel Spel V Spel V
Flp-recombinase
toim™t TImT
Targeted loxP locus -

be LoxP  Frt
e P

I"OXP
—ii

Il Spel i Spel IV Spel V

Cre-recombinase

COX/SDH

probe LQxP
-

Knockout locus

1l Spel [\ Spel \%



Loss of TFB1M cause lack of 12S rRNA dimethylation
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Loss of TFB1M cause defect in mitochondrial translation

A B
5w 10w 15w 20w Sw 20w 20w
2 @ @ @ @ @ @
& & & & o @ bl
SOV MY MY I Y S FP O P
B T G ND5 E Complex |
P )
- —— —— - COX1 /Complex \%
subcomplex
]----- | Complex llI
TRy —— . | cOX2
l- - i Complex IV

c & & & D
\>\/ \)\1‘0\/\)\/0\1 \>\/‘ g
O
Y COX1 COX2
. B
E B 82 1001
COX1—| & = = 55
.- z - & 5,‘46 80
- - - E zﬂ
COX2— ! : ? 3 33 60
o
= = N
3 o O X
i % (91 :Ne] 404
3 & |3 2o
B = Q0o
T B o 5 201
2
- = 0
ETDF‘,‘SL 48 R 3 & UL Ulcre LL LLcre
1
VDAC | ™= == e w v == | T




TFB1M is mitochondrial 12S rRNA methyltransferase
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In vivo function of MTERF1



Mitochondrial transcription termination factor1 (MTERF1)
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Generation of MTERF1 knockout mouse
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Confirmation of MTERF1 Knockout mouse

MTERF1 ~—

18S -~

Northern analysis

WT KO
._'.;‘:,:' D_ .91‘,.

b e d

MTERF1 —

VDAC —

Western analysis
KO

WT
o conmy

e




MTERF1 knockout grow normally
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MTERF1 KO mouse have normal level of mtRNAS
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MTERF1 KO mouse have normal
de novo mtDNA transcription
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MTERF1 KO mouse have normal level of mtDNA
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MTERF1 KO mouse have normal level of RC subunits
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Summary

MTERF1 knockout mouse do not show any
MtDNA transcription defect

Is MTERF1 mtDNA transcription termination
factor?

Novel in vivo MTERF1 function is under
iInvestigation
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The MTERF family in mammals: MTERF1-4
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Mitochondrial dysfunction in liver and insulin resistance
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Mitochondrial dysfunction in the muscle
and diabetes insulin resistance
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Mitochondrial arecritical in and (3-cell function
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Generation of TFB1M Knockout Mice
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Steady-state levels of mitochondrial transcripts in
TFB1M KO herat
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