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ABSTRACT

The Hypoxia Inducible Factors (HIFs) are widely expressed transcription factors critical
for altering gene expression in hypoxic cells and enabling cellular adaptation to
conditions of limited oxygen availability. The HIFs are labile and inactive when oxygen
levels are sufficient to meet cellular oxygen demand, but become stabilised and
transcriptionally active when oxygen levels decrease. Factor Inhibiting HIF-1a (FIH-1) is
an asparaginyl hydroxylase that was first identified via its interaction with the HIF-a
subunit. The canonical role for the enzyme involves the oxygen-dependent regulation of
HIF transcriptional activity. In normoxia, FIH-1 hydroxylates an asparaginyl residue in
the C-terminal transactivation domain of HIF-a, blocking interaction with vital
transcriptional coactivators and abrogating HIF transcriptional activity. As FIH-1 requires
oxygen for hydroxylation, activity of the enzyme decreases with decreasing oxygen
levels, allowing HIF-a to escape hydroxylation and consequently activate target gene

expression during periods of insufficient oxygen tension.

More recently, FIH-1 has been found to bind and hydroxylate a number of proteins
containing ankyrin repeat domains (ARDs). However, despite the prevalence of ARD
hydroxylation, there is, as yet, no established role attributed to these modification
events. Additionally, FIH-1 knockout mice have revealed a surprising role for FIH-1 as a

neuronal regulator of metabolism, suggesting a novel, cell-specific role for the enzyme.

As FIH-1 requires O, for catalysis, the availability of intracellular oxygen is thought to
determine activity of the enzyme, branding FIH-1 as a putative cellular oxygen sensor.
Aside from modulation of enzyme activity by oxygen levels, little is known about the
regulation of FIH-1. Several lines of evidence have suggested that FIH-1 exhibits cell
type-specific differences in activity toward HIF-a substrates that may act in addition to

or separately from the regulation of enzyme activity by levels of available oxygen.



The primary aim of this work was to investigate the post-translational modification
(PTM) of FIH-1 in order to uncover any additional regulatory mechanisms that may
exist. Two-dimensional electrophoresis (2-DE) experiments from a number of cancer cell
lines and mouse embryonic fibroblasts revealed heterogeneity in the isoelectric point of
FIH-1, suggesting the existence of multiple post-translationally-modified forms of the
enzyme. Overexpressed FIH-1 was affinity purified for mass spectrometric (MS)
identification of PTMs. MS analysis was able to demonstrate asparaginyl deamidation
and methionine oxidation. It is unclear, however, whether these modifications
represent modifications occurring in the cellular environment or during sample

processing.

Due to inefficient purification of FIH-1 from cells, it could not be ascertained if
phosphorylation was present. However, phosphatase treatment of cell lysate followed
by 2-DE consistently showed a decrease in spot number and shift of FIH-1 spots to a
more basic position on a 2-D field, suggesting that the isoelectric point differences of
FIH-1 could be attributed, in part, to phosphorylation. Furthermore, in vitro
phosphorylation assays indicated that recombinant FIH-1 was able to be

phosphorylated by kinases supplied by cell lysate.

In summary, the work presented here provides evidence for the existence of novel

PTMs of FIH-1, and suggests that FIH-1 may be a kinase substrate.
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