RTG 2576 ‘"W vivid - in vivo investigations towards the early development of type 2 diabetes

Project 3: Role of mitochondrial function in lipid-induced insulin resistance.

(Project 3a: Supervising Investigator: Prof. Michael Roden, DDZ; Co-Investigator: Prof. Andreas
Reichert, UKD; Project 3b: Supervising Investigator: Prof. Andreas Reichert, UKD; Co-Investigator: Prof.
Michael Roden, DDZ)

Background: Insulin resistance and type 2 diabetes (T2DM) are associated to decreased
oxidative phosphorylation (OXPHQOS), altered mitochondrial ultrastructure, increased reactive
oxygen species (ROS) production as well as increased fat accumulation. Increasing
mitochondrial functionality and biogenesis through PGC-1a leads to improved insulin
sensitivity and glucose homeostasis. NDUFBG6, a subunit of complex | of the electron transport
chain, is a key regulator of OXPHOS and its expression in skeletal muscle is reduced upon
aging as well as in T2DM patients. Cristae structure and crista junctions are essential for
normal mitochondrial function and they are regulated by the MICOS (mitochondrial contact site
and cristae organizing system’) complex including 7 subunits. The subunit MIC26/APOO has
been linked to fatty acid metabolism within the mitochondria promoting lipotoxicity in the heart.
Thus, alteration of cristae morphology and MICOS complex might lead to abnormal NDUFB6
expression and altered mitochondrial function which represent a critical step for developing
insulin resistance and consequently T2DM.

Own previous work: We demonstrated that lipids affect mitochondrial function and silencing
of NDUFB6 lowered mitochondrial activity and insulin signaling and increased ROS production
in contracted muscle cells. Furthermore, we identified the subunits MIC27 and MIC26 as
essential for mitochondrial ultrastructure and OXPHOS and in particular showed that MIC27
binds to cardiolipin and that the non-glycosylated mitochondrial isoform of MIC26 is required
for proper formation of crista junctions and is linked to cardiolipin metabolism. We further found
a MIC26 ER/Golgi-resident form and a MIC26 secreted isoform.

Aim of projects 3a and 3b: We will use in vitro and mouse models to decipher the effects of
lipids on mitochondrial OXPHOS (project 3a) and cristae structure (project 3b) in the
pathogenesis of IR. We will evaluate the role of NDUFB6 and the MICOS subunits MIC26 and
MIC27 in skeletal muscle and we will determine whether fatty acids and/or other physiological
and metabolic factors can modulate NDUFB6 and/or MIC26/MIC27 expression.

Work program: We will characterize cellular metabolism and mitochondrial ultrastructure and
function in siRNA-induced knock-down or Crispr/Cas9-generated knock-out C2C12 cells and
then in mice with skeletal muscle-specific knock-out of NDUFB6 or MIC26/MIC27. In these
mice the lipid metabolites, ROS production, Ca?* homeostasis and insulin signalling pathway
will be analysed. Moreover, we will determine the methylation state of NDUFB6 and whether
its expression is regulated by PGC-1a. We will assess the role of MIC26 isoforms T1DM and
T2DM models as well as in NDUFB6 knockout-mice.

Title PhD project 3a (Roden/Reichert):

Abnormal expression of NDUFB6 and related proteins in the pathogenesis of type 2 diabetes
Title PhD project 3b (Reichert/Roden):

Role of MICOS subunits MIC26 and MIC27 in insulin resistance and type 2 diabetes mellitus

Putative role of lipids on OXPHOS and cristae structure Experimental work flow
FA .
AA Insulin
T AR In vivo Invitro  \~,
S cytosol . e
DAG — PKCO —— IRS1' AKT — [ GLU . s
AA = / ? _/ Eroxication Lipidomic ROS production Ca** homeostasis Insulin signaling
a FA profiling o . } .
NF-kg T -‘. -— \A . > e "
¥ - o o THE'
// vGCta Qecml - | Project A Project B
[3 ———— e—\ ligh resolution respirometry MRS TEM Seahorse Analyzer
/& Transcription mMRNA

\
\

2
e
\Yi

(3
=

|
[en
[
<« Mmic27
<— MIC26

aseyiuAs-—d1v’4'y

MiIC10

MiIC13

‘ .
.

.

4 §

B

29

G

aseLuAS—d 1V 4

o

Loss of crista junction

DF Deutsche hhu Universitatsklinikum DDZ
Forschungsgemeinschaft e Diisseldorf

Deutsches Diabetes-Zentrum



RTG 2576 ‘"W vivid - in vivo investigations towards the early development of type 2 diabetes

References:
Roden M, Shulman GI. The integrative biology of type-2 diabetes. Nature 2019

Szendroedi J et al. The role of mitochondria in insulin resistance and type 2 diabetes mellitus. Nat Rev
Endocrinol 2011.

Phielix E et al. Reduction of non-esterified fatty acids improves insulin sensitivity and lowers oxidative
stress, but fails to restore oxidative capacity in type 2 diabetes: a randomised clinical trial. Diabetologia
2014

Hernandez EA et al. Acute dietary fat intake initiates alterations in energy metabolism and insulin
resistance. J Clin Invest 2017

Sivitz WI et al. Mitochondrial dysfunction in diabetes: from molecular mechanisms to functional
significance and therapeutic opportunities. Antioxid Redox Signal 2010

Mootha VK et al. PGC-1alpha-responsive genes involved in oxidative phosphorylation are coordinately
downregulated in human diabetes. Nat Genet. 2003

Ling C et al. Genetic and epigenetic factors are associated with expression of respiratory chain
component NDUFB6 in human skeletal muscle. J Clin Invest. 2007

Jelenik et al. Regulation of Mitochondrial Energy Metabolism and Insulin Sensitivity by the Ndufb6
Subunit of the Electron Transport System Complex | in C2C12 Myotubes. Diabetes 2017

Kacerovsky-Bielesz G et al. Short-term exercise training does not stimulate skeletal muscle ATP
synthesis in relatives of humans with type 2 diabetes. Diabetes 2009

Kacerovsky-Bielesz G et al. A single nucleotide polymorphism associates with responses of ATP
synthesis to long-term exercise training in relatives of type 2 diabetic humans. Diabetes Care 2012

Koob S & Reichert A, Novel intracellular functions of apolipoproteins: the ApoO protein family as
constituents of the Mitofilin/MINOS complex determines cristae morphology in mitochondria. Biol Chem.
2014

Turkieh A et al. Apolipoprotein O is mitochondrial and promotes lipotoxicity in heart. J Clin Invest 2014;

Koob S et al. The non-glycosylated isoform of MIC26 is a constituent of the mammalian MICOS complex
and promotes formation of crista junctions. Biochim. Byophis. Acta 2015

Weber TA et al. APOOL is a cardiolipin-binding constituent of the Mitofilin/MINOS protein complex
determining cristae morphology in mammalian mitochondria. PloS one 2013

Anand et al. Mic13 Is Essential for Formation of Crista Junctions in Mammalian Cells. PloS One 2016
Zick et al. Cristae formation-linking ultrastructure and function of mitochondria. BBA-MCR 2009

Rabl et al. Formation of cristae and crista junctions in mitochondria depends on antagonism between
Fcj1 and Su e/g. J Cell Biol 2009

Wolf et al. Individual cristae within the same mitochondrion display different membrane potentials and
are functionally independent. EMBO J 2019.

DF Deutsche hhu Universitatsklinikum DDZ

Forschungsgemeinschaft i Diisseldorf Deutsches Diabetes-Zentrum



