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Impaired gene expression causes mitochondrial disease 

Research Update – Kara Perks, 12 September 2017  
Progress made: 

Aim 1: Characterize the molecular changes caused by a mutation in the mitochondrial 
PTCD1 gene. 

Mitochondrial respiration was measured in isolated mitochondria from the heart and liver of 
PTCD1+/+ and PTCD1+/- mice using a high-resolution OROBOROS respirometer. By measuring 
the oxygen fluxes in the presence of different substrates and in the presence and absence of 
respiratory complex inhibitors, I discovered that the function of the mitochondrial 
respiratory complexes are compromised and mildly uncoupled as a result of PTCD1 loss 
compared to normal PTCD1 levels in age- litter-mate matched wild type mice.  

Echocardiography was performed on the aged Ptcd1+/- and Ptcd1+/+ mice. Ptcd1+/- mice had 
altered cardiac function consistent with the development of cardiac hypertrophy, including 
a significant increase in LVSPW and IVDS (thicker walls), a significant decrease in LVESD 
(narrowing chamber) and an increase in fractional shortening, which demonstrates a hyper 
contractile heart. Immunohistochemistry of the heart revealed enlarged disorganised nuclei 
consistent with hypertrophy.  

H&E staining of the liver, revealed chronic injury with a greater number of oval shaped liver 
progenitor cells and an increase in the number of hepatic blood vessels. We also noticed the 
mitochondria themselves showed altered morphology and this was further investigated with 
TEM, were we discovered the PTCD1+/- mice altered cristae remodelling and is important for 
mitochondrial morphology. Oil Red staining of paraffin embedded liver tissue from aged 
PTCD1+/- and control PTCD1+/+ mice revealed increased lipid deposits and hepatic steatosis, 
indicative of fatty liver disease. 

 

Aim 2: Identify the onset and progression of mitochondrial dysfunction and pathogenesis 
of symptoms. 

Immunoblotting was used to determine the level of both mitochondrial and ribosomal 
protein expression in PTCD1+/- male mice compared to their wild type controls. As expected 
mice with a heterozygous mutation in the PTCD1 gene exhibit a reduction in PTCD1 protein 
in both the heart and liver.  Immunoblotting of mitochondrial and ribosomal proteins 
revealed mild changes in aged PTCD1+/-. 

Mitochondrial gene expression in the liver and heart, including the abundance of pre-
processed and mature RNAs that encode mitochondrial proteins were measured by qRT-
PCR and by northern blotting. My results revealed that a decrease in the PTCD1 protein in -

male mice compared to controls leads to accumulation of pre-processed mitochondrial 
RNAs and multiple and varying changes in mature mRNA, tRNA and rRNA transcripts 
confirming that PTCD1 plays a role in RNA processing and metabolism in vitro. 
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To examine the abundance and integrity of the mitochondrial respiratory complexes I 
performed blue native PAGE (BN-PAGE) and BN-PAGE electrophoresis in aged mice. PTCD1 
heterozygous male mice were revealed to have a complex V (ATP synthase) deficiency in 
the liver. Due to the discovered complex V deficiency in the liver of, I decided to performed 
In-gel enzyme activity assays specific for ATP Synthase activity. The results revealed an 
approximate 50% decrease in ATPase activity for PTCD1+/- male mice compared to their wild 
type litter mates. 

Aim 3: Dissect the molecular mechanisms that link mitochondrial gene expression to 
changes in metabolism. 

Using immunoblotting with phosphorylation-specific and phosphorylation-independent 
antibodies to mTOR targets, I determined that mTOR and insulin signalling and fatty acid 
oxidation is altered in PTCD1+/- mice, compared to controls. To further investigate the 
molecular and functional changes as a result of PTCD1 loss, Glucose and Insulin tolerance 
tests were carried out and analysis of the data indicates that the PTCD1+/- males are more 
glucose intolerant and insulin resistant compared to their wild type counterparts with the 
PTCD1+/- mice being heavier than the aged and litter matched control mice. ELISA assays were 
carried out to measure the levels of insulin, leptin, adiponectin, and triglyceride (TGA) levels 
in serum. Results indicate that serum insulin; leptin and TGA levels are increased in PTCD1+/- 

male mice, consistent with changes in weight, obesity and metabolism seen in the PTCD1 
haploinsufficent mice further and elucidates PTCD1 has a role in metabolism. 

 
 

Obstacles/difficulties 

During the early stages of my laboratory work, I experienced an issue with the breeding and 
genotyping of the PTCD1 colony in which there were very few wild type animals being 
produced. This has delayed some of my experiments such as the complex activity assays as 
the mice need to be aged to 30+ weeks. In order to rectify this, I have set up multiple wild 
type x wild type breeding pairs to ensure adequate production of controls for the 
remainder of my experiments and I am still well on track for completing my PhD in the 
allocated time period. Furthermore, with the generation of 2 new mice lines, a significant 
amount of time was lost from experimental studies in order to establish the breeding line in 
order to generate the correct experimental genotypes and phenotype tracking. This was an 
unavoidable delay bur was overcome by setting up multiple breeding pairs to generate 
many experimental genotypes and control mice in order to start experiments as soon as 
possible. 

Achievements/publications/awards 

In the past 6-12 months I have made significant contributions to my degree. I was awarded 
an Australian Mitochondrial Disease Foundation Top Up Scholarship and attended the 
national AussieMit conference in Sydney where I presented a poster. My first paper has 
been accepted in the journal Science Advances and I presented this work as a poster at the 
Mitochondrial Genomics and Evolution conference in Israel, that I also received an award 
by the organisers. 
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AMDF Conference Poster 
T. R. Richman et al., Mutation in MRPS34 Compromises Protein Synthesis and Causes 
Mitochondrial Dysfunction. PLoS Genet. 11, e1005089 (2015). 
Accepted Manuscript & MGE Poster 
K. L. Perks et al.,Adult-onset obesity is triggered by impaired mitochondrial gene 
expression. Sci. Adv. 3, e1700677 (2017). 
 
Perkins Scientific Retreat – Perth 2017 

Oral Presentation of Mitochondrial Experimental Technique “Respiration”  

Poster Presentation “Adult onset obesity is triggered by impaired mitochondrial gene 
expression” 

Next actions 

In the next six months of my candidature I plan on completing or to have started the 
following:- 

I have volunteered for the Bloody Long Walk in Perth 2017. I plan on attending 1 more 
international conference and AussieMit in 2018. I also aim to have my second manuscript 
prepared and submitted by then end of 2017 and have my thesis submitted by the 18th of 
August 2018.  

To discover the exact molecular mechanism and function of PTCD1 in the mitochondria  

My supervisor has generated a heart and skeletal muscle knockout mouse in which we will 
revisit some of the above experiments in order to determine the exact mechanism and 
function of PTCD1. We will also use a PTCD1 FLAG tagged mouse to determine which 
proteins and complexes are associated with this protein. Techniques optimized during the 
above aims will be used to examine the mechanisms and functions of PTCD1 gene 
expression in the mitochondria, as well as RNA EMSA, site distinct mitogen of RNA targets 
and amino acid residues involved in RNA recognition.  

 

 


