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Summary:

It has been hypothesized that the accumulation of somatic gene mutations in the

mitochondrial DNA (mtDNA) genome during life, and the consequential changes in

cellular energetics, may contribute significantly to the ageing process. Recent evidence,

utilizing PCR analysis has shown the age-related occurrence of multiple deletions of the

mitochondrial genome in various human, non-proliferative tissues, where the majority

of these deletions lie within the confines of tandem direct repeat sequences. These

deletions have been found to arise spontaneously in the mitochondrial genome during

the normal lifespan of a human individual, where they co-exist with the wildtype

mtDNA population in a situation known as heteroplasmy. Quantitative analysis has

shown that the level of these deleted genomes increases exponentially with age reaching

levels of greater than0.0l%o of the total mtDNA population.

The overall aim of this study was to determine if the accumulation of deleted

mtDNA molecules in tissues during the normal ageing process is confined to the

human, or whether it is a phenomenon also shared by other species. The ageing mouse

was selected as an experimental model, where the brain, heart, skeletal muscle and liver

were analyzed from 10 week old, 19 month old and 42 month old female Balb C mice

for the presence of deleted mtDNA molecules. Due to the unknown size, number and

location of deletions which may be present within the ageing mouse genome, a PCR

method was developed, which involved using multiple primer pair combinations to

methodically scan the major region of the genome between the two origins of

replication, since this major arc has been found to harbor the majority of the human

age-associated deletions. This PCR method relied upon relatively large deletions in the

mitochondrial genome to bring two primers, that lie outside of the deletion boundaries,

close enough together to efficiently amplify a deleted PCR product.
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The ability of this PCR method to amplify deleted PCR products, was verified

by analyzing a mixture of mitochondrial DNA which contained both the wildtype

mouse mtDNA genome and deleted mtDNA molecules that were produced by genetic

engineering. The designed PCR method was found to be successful in amplifying PCR

products from either the wildtype or the deleted templates where the products displayed

corresponding shifts in sizes when the position of either primer was independently

shifted. The lowest percentage of deleted mtDNA molecules which still resulted in a

detectable deleted PCR product was approximately O.ïIVo. This indicated that the PCR

method was capable of detecting the presence of 1 deleted mtDNA molecule amongst

every 10 000 wildtype genomes.

Using this designed PCR method, no age dependent or tissue specific deleted

PCR products were amplified from the mtDNA samples isolated from the various aged

mice. Overall, the same size products were generated by each primer pair regardless of

the age or tissue examined. The products amplified by each primer pair also failed to

display a corresponding shift in size when either of the primers were independently

located further apaÍt, which suggests that these DNA fragments were not genuine PCR

products but were instead most likely artifacts of the PCR technique. In an attempt to

enhance the amplification of the smaller and rarer deleted PCR products, the PCR

experiments were repeated where the extension time was decreased and the number of

PCR cycles was increased. However, both additional experiments failed to generate

any genuine deleted PCR products.

Since the majority of deletions within the mitochondrial genomes of diseased

and normally ageing humans involve the presence of direct repeat sequences, tandem

direct repeats within the mouse mitochondrial genome were also analyzed in an effort to

predict the location of deletions in the ageing mouse. Following the examination of all

the repeats which were 10bp or greater, only two of these were found to share the same

gene locations as the 13bp repeat sequences which surround the most common 4977bp

deletion in the human genome, and the greatest percent homology either of these shared

with the 13bp repeat was less than50Vo. Modifying the previous PCR method to allow
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amplification of the regions spanned by all the direct repeats of 10bp or greater failed to

generate any deleted PCR products. Again, decreasing the extension time and

increasing the number of PCR amplification cycles did not enhance the synthesis of any

deleted PCR products displaying a primer shift pattern.

In conclusion, this study did not find a positive relationship between the

accumulation of deleted mtDNA molecules and the ageing process of the mouse. No

age dependent or tissue specific deleted PCR products were amplified by any of the

primer pair combinations utilized within this entire study. Therefore, this negative result

suggests that mtDNA molecules bearing deletions in the major region between the

replication origins of the mitochondrial genome do not accumulate within the brain,

heart, skeletal muscle and liver of ageing mice. While this result is not supportive of the

view shared by other researchers, that mitochondrial DNA deletions are associated with

the ageing process, it does not exclude the possibility that other mutations of the

mitochondrial genome (including deletions in other regions of the mtDNA) are

important contributory factors to the ageing process.




