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Abstract 

The usefulness of gene targeting for genome and gene expression manipulation 

has been widely recognized.  However, for mammalian mitochondrial manipulation, the 

application of such an approach has been hampered, partly by the unavailability of 

functional mitochondrial DNA constructs and a mitochondrial delivery system.  The 

present study describes attempts to overcome these constraints by generating a new 

mitochondrial expression construct and by developing methods to deliver the construct 

into the mitochondria of cells.   

The first part of the thesis details the design and generation of the construct 

pmtGFP which is designed to express green fluorescence protein in the mitochondrial 

compartment.  Configured as a minimitochondrial genome, the pmtGFP contains the 

mitochondrial cis-elements essential for transcription and replication as well as a GFP 

reporter gene modified specifically for mitochondrial expression.   

The second part of the thesis deals with the development of the mitochondrial 

DNA delivery system.  Exploiting the potential of DQAsome™ liposome to release DNA 

at the mitochondrial membrane, a mitochondrial transfection protocol was established.  

The pmtGFP construct was used to assess the ability of the DQAsome transfection system 

to transfer DNA into the mitochondria.  The transfection assay was performed first on the 

macrophage-like cell line RAW 264.7.  Following transfection the cells were subjected to 

FISH, PCR, RT-PCR, and FACS assays as well as confocal and epifluorescence 

microscopic observations to localize and validate GFP expression.  Collectively, the 

results indicated (i) that the DQAsome-transfection technique was able to deliver the 

exogenous DNA into the cellular mitochondria and (ii) that the pmtGFP was functional.   

The versatility of the DQAsome delivery system and the pmtGFP construct was 

demonstrated in a wide range of mammalian species and cell types, specifically in mouse 
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embryos, mouse embryonic stem cells, mouse fetal neuronal stem (mFNS) cells, rat 

primary fibroblast cells, bovine fibroblast cells and human kidney 293 cells.  The average 

transfection efficiency was ~1-5%.  Refinement of the protocols is clearly required to 

achieve better transfection efficiencies and to reduce the cytotoxicity associated with the 

DQAsome reagent.  

The last part of the thesis evaluated a combination of mitochondrial transfection 

and micromanipulation or cell fusion using the method known as Hand Made Cloning 

(HMC) techniques as an alternative approach for the genetic modification of 

mitochondria.  In this study, mFNS cells transfected with pmtGFP were introduced into 

mouse oocytes and pronuclear embryos, and into bovine oocytes in cross species 

experiments.  Blastomeres carrying fluorescent mitochondria could be observed in the 

reconstructed nuclear transfer and tetraploid embryos from the 2 cell up to the blastocyst 

stage.  PCR analysis showed that the blastocysts were heteroplasmic for pmtGFP and wt 

mtDNA.  These results indicated that (i) the donor mtDNA (in this case the pmtGFP) was 

maintained and expressed during early development, (ii) the reconstructed embryos 

carrying pmtGFP could serve as a model system to study the role of mitochondria in the 

pre- and post implantation period and (iii) it is possible to generate mutants cells, 

reconstructed embryos, and animal models carrying predetermined mutant DNA within 

their mitochondria by transferring cells/mitochondria which have been transfected or 

modified in vitro.   

Further investigations into mitochondrial gene targeting and expression 

manipulation using these new protocols as basis may eventually lead to a better 

understanding of mitochondrial genetics and hence facilitate the development of therapies 

for human mtDNA diseases. 


