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DTA Applied Biosciences for Health (Healthy Ageing) 

Project title The role of DNA polymerases in aging of the mitochondrial 
genome 

Project description:  
I. Scientific excellence 

It is well established that aging is a progressive deterioration of an organism’s cellular structures and homeostatic 
mechanisms, with an increasing decline with age in an organism’s ability to correctly perform normal cellular 
functions. Mitochondrial DNA (mtDNA) damage from respiration-associated reactive oxygen species or 
inaccurate mtDNA replication or repair, is clearly linked with normal and premature aging and other age-
associated degenerative disorders affecting healthspan (e.g. Parkinson’s Disease). Little is known of how 
mitochondria repair their DNA damage, and in particular, the roles of lesion bypassing DNA polymerases (DNAPs) 
which have very recently been found to be targeted to the mitochondria. Some DNAPs may exhibit either 
protective or mutagenic effects on mtDNA, suggesting their deregulation could influence mitochondrial aging 
and hence normal life- and healthspan. We intend to study these DNAPs to assess how they influence mtDNA 
integrity, and if they influence organismal lifespan in the Caenorhabditis elegans worm model system. The project 
brings together UK and international laboratories in the fields of genome integrity, metabolism, C. elegans and 
oxidative DNA repair. 
 

II. Clear aim and hypothesis 
We hypothesise that one or more mitochondrially targeted DNAPs may exert positive or negative effects on 
mtDNA integrity, depending on whether in a normal, or misregulated context. We intend to assess if these DNAPs 
influence the progression of mitochondrial aging and hence life- and healthspan. 
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III. Methodology and innovations 

We will dissect the role of mitochondrially-targeted DNAPs with a combination of CRISPR knockout/ mutagenesis, 
in both human cells and the C. elegans model system. Effects on mtDNA integrity and mitochondrial physiology 
will be assessed using next-generation sequencing and metabolic analysis. The C. elegans model system will allow 
effects of DNAP modulation on whole-organism phenotypes to be assessed (e.g. lifespan). Furthermore, 
biochemical analyses will assess the relative importance of DNAPs in repairing mtDNA lesions, determining if they 
can differentially influence acquisition of mtDNA point mutation versus deletions, and if their presence is 
beneficial or damaging. 
 

IV. Strategic relevance 
Our study will significantly add to understanding how mitochondria and their genomes age, which underpins 
cellular and organismal aging. Such information may lead to novel treatments against normal and premature 
age-related phenomena such as neurodegenerative disease, which are of a key strategic relevance, following the 
increasingly aging population in many countries. 
 

V. Interdisciplinarity and fit with relevant DTA programme 
We will utilise both simple non-vertebrate and human cell model systems, and analyse them using a wide range 
of cutting edge methods from multiple disciplines. These will include molecular cell biology (CRISPR, fluorescent 
imaging, next-generation sequencing), biochemistry (e.g. mitochondrial fractionation, protein purification), and 
advanced metabolism analysis. The research fits well with the DTA program, as further understanding of the 
mechanisms leading to mitochondrial damage and aging underpins how normal and premature aging occur at 
the molecular and cellular level, potentially allowing for its modulation. 

Lay summary 
Aging is the progressive deterioration of a cell’s (or organism’s) ability to undertake its normal physiological and 
molecular functions, resulting from increasing damage to molecular and cellular components. Aging is thought 
to play this role through the gradual acquisition of damage to mitochondria (energy-producing parts of cells), in 
particular, damage to the DNA in the mitochondria that codes the blueprint for how they function. Such 
changes in mitochondria are associated with aging-related degenerative conditions, such as Parkinson’s. 
Mitochondria can potentially repair this damage using DNA polymerases, specialised but error-prone enzymes 
used to copy DNA when cells divide. It is possible however that these enzymes can actually instead increase the 
amount of mitochondrial DNA mutations during this process, and hence contribute to cellular aging. We intend 
to assess this in isolated human cells and the compost worm Caenorhabditis elegans, an excellent model 
system for aging following its ease of genetic manipulation, and its short lifespan allowing effects on whole 
organism aging to be studied. We will also dissect how these enzymes work in repairing mitochondrial DNA, 
uncovering whether they can be modulated to reduce the affects of the aging process, both in undiseased 
aging individuals and those with aging-related disorders.  

 

Industrial/Employer placement opportunity please include details, where known, of any external 
placement opportunities or collaborations available to the student as part of the project 

To be determined 

International placement opportunity please include details, where known, of any potential 
international placement opportunities or collaborations available to the student as part of the project 
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The student will have the opportunity to work for a >6 week period (or multiple periods) in the Markannen 
laboratory at the University of Zurich in Switzerland. The Markannen laboratory is world expert in studies on 
oxidative DNA damage and its repair/bypass by DNA polymerases. The prospective student would perform cell, 
molecular biology or biochemical analysis studies on mitochondrial base excision repair/DNA polymerase lesion 
bypass. Students will also be encouraged to apply for Fellowship opportunities such as EMBO or FEBS short term 
Fellowships, to further support this laboratory placement, and for their personal career progression. 

Scientific, economic and societal impact of the project 
Societies in most nations are generally aging and hence face great prospective future burdens of adults facing 
age-related morbidities and disease in later life. Furthermore, early-onset disorders such as neurodegenerative 
diseases often exhibit commonalities with aging features. This has huge societal implications for lifespan, quality 
of life, and economic effects in relation to a rapidly aging workforce. Our project hopes to further understand 
mechanisms of normal cellular aging (linking to related disorders), by dissecting how mitochondria repair their 
genomes, the degradation of which has strong links with both aging and degenerative diseases. This may hence 
add significant impact for the scientific community, not only from further understanding of human aging, but 
additional knowledge on how cells repair not only their nuclear, but also their mitochondrial genomes. This has 
huge implications not only for aging research and its amelioration, but related conditions associated with aging, 
such as neurodegeneration and cancer). 

Additional admissions requirements: please state if there are any specific admissions requirements 
for this project i.e. subject specific degree qualifications or disciplines, relevant skills, experience etc 
Applicants require an undergraduate degree (1st or Upper Second Class/equivalent) and preferably a Masters 
degree, in biochemistry, molecular biology, or a related area. Practical experience in protein biochemistry, 
molecular biology or C. elegans manipulation would be welcome but not essential. 

 


