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ABSTRACT

DNA is the genetic repository containing the necessary information for cellular viability,
fate decisions and development. In the female germline, genetic integrity also
underpins successful conception, embryonic development, pregnancy and the future
health of the offspring. In spite of its importance, DNA remains a chemical entity prone
to structural alteration. If left unresolved, these structural lesions have the potential to
lead to mutation and broader-scale genomic aberrations, which may elevate the
predisposition of individuals to non-communicable diseases in later life. While it is
therefore likely that female germ cells possess a sophisticated suite of quality control
mechanism to defend their genome, the precise nature of these defence systems is
not well understood. Given this knowledge gap, the overall aim of the studies
described within this thesis was to explore the endogenous DNA protection and repair
machinery present in the mammalian oocyte and early embryo.

In completing these studies, we have uncovered several novel protective
strategies employed by the oocyte and early preimplantation embryo to safeguard
their genomic integrity. These include the first evidence for a critical link between
fertilisation and the synthesis of transmembrane transporter molecules belonging to
the multidrug resistant protein family. Specifically, we implicate permeability
glycoprotein (PGP) in increasing the bi-directional transport capacity of the zygote
immediately following fertilisation. We posit that the activity of membrane bound PGP
counters the influx of genotoxic agents, shielding the embryonic pronuclei from the
induction of DNA damage. Excitingly, we also demonstrate that the preservation of
the maternal genome, prior to fertilisation, is enhanced by an endogenous store of
DNA repair proteins accumulated during oogenesis, providing the first evidence of

an active DNA repair program in the post-ovulatory (Mll) oocyte. Accordingly, we
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demonstrate a role for non-homologous end joining (NHEJ) as a repair platform for
correcting damage of the maternal DNA prior to fertilisation.

Having demonstrated that the oocyte and preimplantation embryo contain a
sophisticated suite of defence strategies for the detection, repair or prevention of DNA
damage, we hypothesized that the efficacy of these defences may be augmented by
pro-survival factors. We therefore explored the capacity of C-peptide, a hormone
implicated in the regulation of intracellular signalling pathways, to modulate oocyte
and early embryo biology. Through this work, we observed a previously unappreciated
abundance of C-peptide within the mouse ovary, oocyte and follicular fluid and
uncovered a putative interaction between C-peptide and the DNA repair enzyme,
breast cancer type 2 susceptibility protein (BRCAZ2) following oocyte activation.
Collectively, these findings lend support to a novel role for C-peptide in the female
germline and raise the prospect that C-peptide may exert direct physiological effects
within the female reproductive system.

Taken together, the findings reported in this thesis have enhanced our
understanding of the maintenance of genetic stability in the female germline.
Importantly, this collection of studies offers a molecular understanding of the
endogenous capacity of the oocyte and preimplantation embryo to detect and
subsequently respond to DNA damage and, in turn, identifies novel clinical targets to
enhance oocyte competence in vitro and potentially improve assisted reproductive

technologies.
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FOREWORD

The uptake of assisted reproductive technologies has exponentially increased since
the first successful cycle in 1978, such that 40 years on, 1 in 6 couples routinely seek
recourse in assisted reproductive technologies (ART) to achieve pregnancy
(Australian Institute of Health and Welfare, 2015). Today, ART accounts for
approximately 5.8% of all births in Australia (Australian bureau of Statistics, 2017).
Yet, in spite of its routine use, ART remains invasive, expensive and not without risk.
Moreover, ART does not address the specific cause of a couple's infertility (Aitken and
De luliis, 2010). While numerous pathologies can contribute to infertility and its
adverse sequelae, mounting evidence suggests that a substantial proportion of
assisted reproductive cycles with poor prognoses are associated with reduced genetic

integrity of the gamete(s).

Indeed, genomic instability in the germline has the potential to alter embryonic
gene expression and drive modified developmental programmes with every
subsequent cell cycle (Fleming et al., 2018). In recognition of this, there is an impetus
to explore new ways to protect the female germline from genomic damage and thus
preserve fertility. Currently however, little is known regarding the innate mechanisms
of DNA protection and repair employed by the post-ovulatory oocyte and early embryo.
Given this, characterisation of the cellular, metabolic, and physiological mechanisms
safeguarding the female germline is key to understanding how to enhance these

processes.

In this thesis, we have surveyed the quality control mechanisms utilised by the
oocyte and early preimplantation embryo to ensure genomic fidelity. Specifically, the

publications arising from this work have focused on the protective strategies of: (i)
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efflux transporter proteins (Chapter 2), non-homologous end joining DNA repair
pathways (Chapter 3) and novel pro-survival factors, such as C-peptide, which may
facilitate the correct localisation of DNA repair machinery in the zygote (Chapter 4).
The collective findings described in these publications provide a critical framework for
informing novel strategies to preserve oocyte/embryo quality in vitro and thus

contribute to improvements in contemporary assisted reproductive technologies.
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