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Thesis Abstract 
 

To detect and respond to the detrimental situation of hypoxia, metazoan cells employ O2-

sensing prolyl and asparaginyl hydroxylases which directly utilise O2 to hydroxylate and 

regulate the Hypoxia Inducible transcription Factor-α (HIF-α).  This thesis focuses upon the 

asparaginyl hydroxylase, ‘Factor Inhibiting HIF-1 (FIH-1), which represses HIF-α in 

normoxia by asparaginyl hydroxylation of its C-terminal trans-Activation Domain (CAD).  

During hypoxia FIH-1 is inhibited, allowing non-hydroxylated HIF-α to drive expression of 

over 70 target genes, leading to tissue and cellular changes that increase O2 supply and reduce 

its consumption.  This response is central to normal physiology and to the pathophysiology of 

diseases, including stroke and cancer.  The pivotal role of FIH-1 in regulating these processes 

invites its characterisation, as a key cellular O2-sensor and therapeutic target.  This thesis 

contributes important information by elucidating a novel FIH-1 substrate and by defining 

numerous FIH-1 substrate recognition determinants.  

 

The first aim was to investigate the cell-fate regulator Notch1 as a potential FIH-1 substrate, 

due to myriad reports of Notch/hypoxic crosstalk and the discovery by collaborators that FIH-

1 represses Notch1 activity.  Mutagenesis, hydroxylation assays, affinity-purification and 

mass spectrometry techniques enabled definition of two asparaginyl hydroxylations of mouse 

Notch 1 ankyrin repeat domain (N1945 and N2012), performed by FIH-1 in vitro.  These 

residues were likewise detected to be hydroxylated in mNotch1 expressed in mammalian 

cells.  FIH-1 kinetic assays comparing mNotch1 ankyrin domain with the unstructured hHIF-

1α CAD uncovered major distinctions between substrates; mNotch1 facilitated a 7-fold lower 

rate of cosubstrate turnover by FIH-1, but affinity was robust (>10-fold higher).  Interrogation 

of the structure/affinity correlate implies FIH-1 binds unstable ankyrins preferentially.  

Functionally, a non-catalytic mechanism of Notch1 repression by FIH-1 is supported. 

 

The second aim derived from literature analyses implicating threonine and RLL motifs in 

HIF-α as critical hydroxylation determinants.  T796 (hHIF-1α) contacts FIH-1 and is a likely 

phospho-acceptor, thus a mimetic T796D mutant was generated and its hydroxylation kinetics 

compared with wildtype hHIF-1α CAD.  In vitro, the mutant exhibited a 6-fold greater 

apparent Km, explaining its constitutive activity in cell-based reporter assays, whereas 

wildtype hHIF-1α CAD is hydroxylated and thus repressed in normoxia by FIH-1.  This 

indicates that phosphorylation reduces hydroxylation by FIH-1 in vitro and in vivo.   
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The RLL motif does not contact FIH-1 in vitro however RLL-AAA mutant HIF-α proteins 

are constitutively active in normoxia, suggesting resilience to hydroxylation within cells.  To 

reconcile these data I predicted that a cellular Factor X functionalises the RLL motif as an 

FIH-1 binding site.  Reporter assays, in vitro kinetic assays and interaction assays +/- lysate 

confirmed this hypothesis and additionally showed the motif to increase HIF-α protein 

turnover 8-fold.  Numerous mechanisms for Factor X including nuclear export, post-

translational modifications of FIH-1 or HIF-α, and involvement of small molecules, were 

experimentally examined, but deemed unlikely.  Rather, the data imply Factor X to be a 

proteinaceous facilitator of a HIF-α/FIH-1 complex, thus proteomic capture screens are 

underway.  

 

This research provides novel insight into FIH-1; its role in Notch/hypoxic crosstalk, its 

substrate recognition requirements, and its potential functions in cellular O2-sensing. 



 5

 

Candidates Declaration 

 

To the best of my knowledge, this work contains no material which has been accepted for the 

award of any other degree or diploma in any university or other tertiary institution and, to the 

best of my knowledge and belief, contains no material previously published or written by 

another person, except where due reference has been made in the text. 

 

I give consent to this copy of my thesis being made available in the University Library. 

 

The author acknowledges that copyright of published works contained within this thesis (as 

listed below) resides with the copyright holders of those works. 

 

Sarah Linke 

21st December, 2007 

 

1. Zheng X#, Linke S#, Dias J#, Zheng X, Gradin K, Wallis TP, Hamilton BR, Gustafsson M, 

Ruas J, Wilkins S, Bilton RL, Brismar K, Whitelaw ML, Pereira T, Gorman JJ, Ericson J, 

Peet DJ, Lendahl U, Poellinger L.  Interaction with Factor Inhibiting HIF-1 (FIH-1) defines 

an additional mode of cross-coupling between the Notch and hypoxia signaling pathways 

(2008) Proc Natl Acad Sci USA. 105:3368-3373. 
#These authors contributed equally to the work and should be considered equal first authors. 

 

2. Linke SL, Hampton-Smith RJ, Peet DJ.  Characterisation of ankyrin-repeat containing 

proteins as substrates of the asparaginyl hydroxylase Factor Inhibiting HIF (2007) Methods 

Enzymol. 435:61-85. 

 

3. Peet, D.J. and Linke, S., Regulation of HIF:asparaginyl hydroxylation (2006) Novartis 

Found Symp. 272: 37-53, D. J. Chadwick and J.Goode, ed. (Weinheim, Germany: Wiley-

VCH Verlag GmbH). 



 6

Acknowledgements 

 

More than anyone else, I am absolutely indebted to Dan Peet; my fantastic supervisor who is 

a wonderful, intelligent, insightful, and passionate scientist.  I have enormous respect for 

Dan’s wisdom; he is a gifted leader, a person I wholeheartedly trust and he has guided my 

career in science from the very beginning of Honours.  I will be forever grateful to Dan Peet. 

 

I am also grateful to Murray Whitelaw who is a wonderful scientific advisor and teacher and 

whose scientific ideas and passion have consistently served to inspire me.   

 

I am honoured to know Lynn Rogers; she is a role model to me, a wonderful teacher and a 

gorgeous caring person.  Anne Chapman-Smith is another lady I thoroughly admire, for her 

thorough, rational and methodical approach to experiments and her intelligence in interpreting 

results. 

 

I am particularly grateful to my GP Dr Suzanne Kovacs, my specialist Dr Ross Philpot, and 

my naturopathic doctors Tracey Cook and Ian Flay.  Collectively they have facilitated a 

wonderful remission of, if not a cure for, a very challenging health problem.  I will love them 

all forever for that gift. 

 

I am privileged to have a beautiful family, lovely friends and funny housemates.  I am 

particularly grateful to my father who taught me to be a disciplined student and to enjoy and 

appreciate the process of critical scientific analysis and research, and to my oldest, dearest 

friend Jessica Wilkins whose wit and daily talks have been constantly nourishing. 

 

The past and present members of Dan’s laboratory and Murray’s laboratory have all made this 

place an extra special environment to work in.  In particular, Fiona Whelan’s wit, honesty, 

guts and determination; Sarah Wilkins’ decorative talents, organisation skills, intellect, 

honesty, kindness and wit; Sam’s lovely, kind, funny nature and highly variant hair styles; 

Bec’s impressive, robust, scientific stamina for difficult projects and her wonderful 

organisation skills that keep our laboratory clean and efficient; Rachel’s delightful cynicism, 

her ever-helpful nature, compassion, fabulous eyebrows and amazing computer skills; 

Karolina’s beautiful, thoughtful, gentle, honest, serene nature; Briony’s lovely opera voice, 

kindness, scientific talent and experimental prowess with her hairstyles and Freya’s gentle, 

maternal, caring nature. 

 



 7

I am very grateful for the opportunity to have studied in the Department of Biochemistry, 

within the School of Molecular and Biomedical Sciences, at the University of Adelaide, 

Australia. 

 

I feel privileged to have worked with our collaborators; Professors Lorenz Poellinger and 

Urban Lendahl and the members of their respective laboratories at the Karolinska Institutet in 

Stockholm, Sweden, and Professor Jeffrey Gorman and the members of his laboratory at the 

QIMR in Queensland, Australia. 



 8



 9

Table of Contents 

1 INTRODUCTION ...............................................................................................15 

1.1 Sensing and Response to Hypoxia ........................................................................................................15 
1.1.1 Oxygen...........................................................................................................................................15 
1.1.2 Oxidative damage ..........................................................................................................................15 
1.1.3 Normoxia .......................................................................................................................................16 
1.1.4 Hypoxia..........................................................................................................................................17 
1.1.5 Sensing hypoxia .............................................................................................................................18 
1.1.6 HIFs ...............................................................................................................................................19 
1.1.7 HIF structure ..................................................................................................................................19 
1.1.8 HIF paralogues...............................................................................................................................20 
1.1.9 HIF-α responds to hypoxia ............................................................................................................21 
1.1.10 Identity of the O2-sensors...............................................................................................................22 
1.1.11 Hydroxylations convey hypoxia to HIF-α .....................................................................................23 
1.1.12 The HIF hydroxylases are direct molecular O2-sensors .................................................................23 
1.1.13 The O2-sensing HIF hydroxylases must be characterised ..............................................................25 

1.2 The discovery and functional characterisation of FIH-1 ...................................................................26 
1.2.1 Discovery of FIH-1 ........................................................................................................................26 
1.2.2 FIH-1 activity is non-redundant .....................................................................................................28 
1.2.3 FIH-1 expression............................................................................................................................30 
1.2.4 FIH-1 subcellular localisation........................................................................................................31 
1.2.5 Regulation of FIH-1.......................................................................................................................32 
1.2.6 Enzyme family classification of FIH-1 ..........................................................................................33 
1.2.7 FIH-1 is a unique member of the JmjC demethylase enzyme family ............................................34 
1.2.8 BAH is the closest functional relative to FIH-1.............................................................................34 
1.2.9 The evolutionary conservation of FIH-1........................................................................................36 

1.3 The molecular details of FIH-1.............................................................................................................37 
1.3.1 The structure of FIH-1 ...................................................................................................................37 
1.3.2 The catalytic mechanism of hydroxylation by FIH-1 ....................................................................39 
1.3.3 The use of cofactors by FIH-1 .......................................................................................................40 
1.3.4 Reversal and inhibition of asparaginyl hydroxylation ...................................................................41 
1.3.5 FIH-1 protein substrate recognition ...............................................................................................42 
1.3.6 FIH-1 tolerates alanine-mutation of HIF-α substrate region..........................................................43 
1.3.7 The residue preceding the target asparagine influences hydroxylation rate...................................44 
1.3.8 The FIH-1 binding site in HIF-α CAD is extensive and bipartite..................................................45 
1.3.9 Homodimerisation of FIH-1 is required for substrate hydroxylation.............................................47 
1.3.10 An FIH-1 hydroxylation motif cannot be defined..........................................................................47 

1.4 The substrate specificity of FIH-1 must be investigated ....................................................................48 
1.4.1 The Notch Receptor may be a novel FIH-1 substrate ....................................................................48 
1.4.2 Phosphorylation of hHIF-1α T796 may prevent asparaginyl hydroxylation .................................50 



 10

1.4.3 The HIF-α RLL motif may bind FIH-1 via an additional cellular Factor X ................................. 51 

1.5 THESIS AIMS....................................................................................................................................... 53 

2 MATERIALS AND METHODS .......................................................................... 56 

2.1 Abbreviations ........................................................................................................................................ 56 

2.2 General Materials and Equipment ...................................................................................................... 59 

2.3 Chemicals and reagents ........................................................................................................................ 59 

2.4 Commercial Kits ................................................................................................................................... 60 

2.5 Enzymes ................................................................................................................................................. 60 

2.6 Radiochemicals...................................................................................................................................... 61 

2.7 Primary antibodies................................................................................................................................ 61 

2.8 Secondary antibodies ............................................................................................................................ 62 

2.9 Bacterial strains .................................................................................................................................... 62 

2.10 Buffers and solutions ............................................................................................................................ 62 

2.11 Bacterial Growth media ....................................................................................................................... 65 

2.12 Plasmids ................................................................................................................................................. 65 
2.12.1 Cloning plasmids ........................................................................................................................... 65 
2.12.2 Clones generated by myself........................................................................................................... 65 
2.12.3 Bacterial expression plasmids ....................................................................................................... 66 
2.12.4 Bacterial expression plasmids cloned by myself ........................................................................... 67 
2.12.5 Mammalian reporter plasmids ....................................................................................................... 69 
2.12.6 Mammalian expression plasmids................................................................................................... 69 
2.12.7 Mammalian expression plasmids cloned by myself ...................................................................... 70 

2.13 DNA techniques..................................................................................................................................... 74 
2.13.1 Competent cells ............................................................................................................................. 74 
2.13.2 Transformations............................................................................................................................. 74 
2.13.3 DNA Midipreps ............................................................................................................................. 74 
2.13.4 Agarose/TBE gel electrophoresis of DNA .................................................................................... 75 
2.13.5 Gel-purification of DNA ............................................................................................................... 75 
2.13.6 Restriction digests ......................................................................................................................... 75 
2.13.7 Ligations........................................................................................................................................ 76 
2.13.8 A-tailing ........................................................................................................................................ 76 
2.13.9 pGEM-T easy cloning ................................................................................................................... 76 
2.13.10 Cloning of oligonucleotides........................................................................................................... 76 
2.13.11 Site-directed point mutagenesis..................................................................................................... 77 
2.13.12 DNA Sequencing........................................................................................................................... 77 

2.14 Mammalian cell culture techniques..................................................................................................... 78 
2.14.1 Cell lines........................................................................................................................................ 78 



 11

2.14.2 Mammalian cell treatments ............................................................................................................78 
2.14.3 Transfections..................................................................................................................................78 
2.14.4 Generation of stable cell lines ........................................................................................................79 
2.14.5 Preparation of cell lysate................................................................................................................79 
2.14.6 Dialysis of lysate............................................................................................................................80 
2.14.7 Luciferase Reporter assays.............................................................................................................80 
2.14.8 Calculation of protein half life .......................................................................................................81 
2.14.9 Detection of Gal-hHIF-1α ID-CAD protein expression ................................................................81 
2.14.10 Immunofluorescence......................................................................................................................82 
2.14.11 Visualisation of GFP-fusion proteins.............................................................................................82 
2.14.12 Quantitative export assay ...............................................................................................................83 

2.15 Protein techniques .................................................................................................................................84 
2.15.1 SDS/PAGE.....................................................................................................................................84 
2.15.2 Protein staining ..............................................................................................................................84 
2.15.3 Western transfer and immunoblotting............................................................................................85 
2.15.4 Ni-affinity purification from bacteria.............................................................................................85 
2.15.5 Amylose-affinity purification from bacteria ..................................................................................86 
2.15.6 Glutathione-affinity purification from bacteria..............................................................................87 
2.15.7 Amylose-affinity purification from HEK 293T cells. ....................................................................87 
2.15.8 Denaturing Ni-affinity purification from HEK 293T cells.............................................................88 
2.15.9 Protein quantitation........................................................................................................................89 

2.16 Protein-protein interaction assays........................................................................................................90 
2.16.1 Purified MBP-FIH-1 and Trx-6H-HIF-1α ID-CADs with lysate ..................................................90 
2.16.2 Purified Trx-6H-HIF-1α ID-CAD with FIH-1 provided in lysate .................................................91 
2.16.3 Purified GST-HIF-1α ID-CADs with FIH-1 provided in lysate ....................................................91 
2.16.4 Purified Trx-6H-Notch1 with MBP-FIH-1 or FIH-1 in lysate.......................................................92 

2.17 Hydroxylation assays.............................................................................................................................93 
2.17.1 14CO2 capture assay........................................................................................................................93 
2.17.2 In vitro hydroxylation for mass spectrometry ................................................................................96 

3 HYDROXYLATION OF NOTCH BY FIH-1 ........................................................98 

3.1 Evidence .................................................................................................................................................98 
3.1.1 Introduction....................................................................................................................................98 
3.1.2 Notch receptor structure.................................................................................................................98 
3.1.3 Notch receptor activation mechanism..........................................................................................100 
3.1.4 Notch function .............................................................................................................................102 
3.1.5 Notch signalling mechanisms ......................................................................................................103 
3.1.6 Shared roles of hypoxia, HIF and Notch......................................................................................104 
3.1.7 HIF and Notch regulate angiogenesis ..........................................................................................105 
3.1.8 HIF and Notch maintain the immature cell state in hypoxia........................................................108 
3.1.9 FIH-1 represses the crosstalk between HIF-α and Notch ICD ....................................................110 
3.1.10 FIH-1 interacts with Notch ICD and represses it irrespective of HIF-α ......................................112 



 12

3.2 Results .................................................................................................................................................. 113 
3.2.1 Mouse Notch1 ICD stimulates 2-OG turnover by FIH-1 ............................................................ 113 
3.2.2 The 14CO2 capture assay .............................................................................................................. 114 
3.2.3 The 14CO2 capture assay infers that mNotch1 is an FIH-1 substrate in vitro............................... 115 
3.2.4 Ankyrin repeats 1-4.5 are sufficient for FIH-1 activity ............................................................... 117 
3.2.5 mNotch1 is hydroxylated on N1945 by FIH-1 in vitro................................................................ 119 
3.2.6 N1945 is hydroxylated in a mammalian cell environment .......................................................... 121 
3.2.7 Determination of other hydroxylation sites ................................................................................. 122 
3.2.8 Interrogation of ANK 1-7 reveals a second hydroxylation site ................................................... 123 
3.2.9 The second hydroxylation site within mNotch1 ICD .................................................................. 124 
3.2.10 FIH-1 hydroxylates both N1945 and N2012 of ANK 1-7 in vitro............................................... 125 
3.2.11 Hydroxylation of N1945 and N2012 occurs in mammalian cells................................................ 126 
3.2.12 FIH-1 substrate comparison - hHIF-1α ID-CAD versus mNotch1 ankyrin domain ................... 127 
3.2.13 Interaction experiments imply subtle structural differences between the wildtype and mutant ANK 

1-4.5 and ANK 1-7 proteins ........................................................................................................................... 129 

3.3 Results Summary ................................................................................................................................ 131 

3.4 Discussion ............................................................................................................................................ 133 
3.4.1 Ankyrin repeat structure .............................................................................................................. 133 
3.4.2 FIH-1 targets a large family of ankyrin proteins ......................................................................... 134 
3.4.3 An independent publication of Notch1 hydroxylation................................................................. 134 
3.4.4 FIH-1 primary amino acid consensus hydroxylation motif ......................................................... 137 
3.4.5 FIH-1 secondary/tertiary preference for substrate binding.......................................................... 140 
3.4.6 For FIH-1 binding, primary amino acid constraints may oppose secondary/tertiary structural 

constraints 144 
3.4.7 Functional effects of Notch1 hydroxylations............................................................................... 149 
3.4.8 Molecular modelling suggests potential effects from hydroxylation and/or FIH-1 binding........ 150 
3.4.9 Target asparagine residues are crucial for Notch function .......................................................... 152 
3.4.10 FIH-1 represses Notch1 non-catalytically ................................................................................... 154 
3.4.11 Notch and FIH-1 interact with high affinity in cells.................................................................... 156 
3.4.12 Notch1 sequesters FIH-1 which activates HIF ............................................................................ 158 
3.4.13 Endogenous levels of FIH-1 in 293T cells exerts a moderate repression on Notch .................... 160 
3.4.14 The amount of FIH-1 in cells may determine the mechanism by which it regulates Notch ........ 160 
3.4.15 Hypoxia activates Notch in cells with relatively low levels of FIH-1 ......................................... 161 
3.4.16 In cells with high levels of FIH-1 hypoxia may repress Notch ................................................... 161 
3.4.17 In vivo experiments to further characterise the Notch/HIF/Hypoxia/FIH-1 crosstalk ................. 163 
3.4.18 Biochemical interrogation of the Notch/HIF/hypoxia/FIH-1 crosstalk ....................................... 164 
3.4.19 Regulation of Notch by hypoxia and FIH-1 is cell-specific ........................................................ 165 
3.4.20 An independent indication that FIH-1 controls behaviour of another ankyrin protein................ 166 
3.4.21 Ankyrin/FIH-1 interactions may regulate FIH-1 access to HIF-α............................................... 167 
3.4.22 FIH-1 is also likely to regulate behaviour of ankyrins independent of HIF-α............................. 168 
3.4.23 Conclusion - Function of Notch hydroxylation ........................................................................... 169 

 



 13

4 FIH-1 RECOGNITION DETERMINANTS IN HIF-α..........................................171 

4.1 Evidence ...............................................................................................................................................171 
4.1.1 Introduction..................................................................................................................................171 
4.1.2 Phosphorylation of a conserved threonine residue in HIF-α CAD may modulate asparaginyl 

hydroxylation by FIH-1 ..................................................................................................................................173 
4.1.3 The conserved RLL motif in HIF-α ID may promote asparaginyl hydroxylation of the CAD ...176 
4.1.4 The RLL motif does not bind FIH-1 in vitro ...............................................................................178 
4.1.5 The RLL motif binds FIH-1 in a complex cellular environment .................................................179 
4.1.6 A cellular Factor X may render the RLL motif functional as an FIH-1 binding site ...................183 

4.2 Results ..................................................................................................................................................184 
4.2.1 hHIF-1α ID-CAD T796D activity is not repressed in normoxia .................................................184 
4.2.2 T796D mutation increases the apparent Km by 6-fold .................................................................185 
4.2.3 hHIF-1α ID-CAD RLL781-783AAA is hydroxylated like wildtype in vitro ..............................186 
4.2.4 The LL motif is required for normoxic repression of the HIF-α CAD ........................................187 
4.2.5 Gal-DBD hHIF-1α ID-CAD LL-AA mutants are more highly expressed...................................188 
4.2.6 LL-AA mutation increases HIF-α ID-CAD stability by 8-fold ...................................................190 
4.2.7 PSMA7 does not appear to promote HIF-α degradation .............................................................193 
4.2.8 PSMA7 does not interact with the HIF-α LL motif.....................................................................194 
4.2.9 Higher stability of LL-AA mutants does not explain constitutive activity ..................................194 
4.2.10 A Factor X in cell lysate renders the LL motif functional as an FIH-1 binding site ....................195 
4.2.11 FIH-1 overexpression rescues normoxic repression of LL-AA mutants......................................198 
4.2.12 Ankyrin substrates contain LL motifs..........................................................................................199 
4.2.13 The mNotch1 ankyrin domain does not utilise the Factor X in lysate to promote FIH-1 binding

 200 
4.2.14 The mNotch1 LL motif is functional as an FIH-1 binding site irrespective of lysate..................200 
4.2.15 The mNotch1 LL motif works distinctly from the HIF-α LL motif ............................................201 
4.2.16 The possible identities of Factor X ..............................................................................................202 
4.2.17 Development of an efficient pulldown assay ...............................................................................203 
4.2.18 Development of an efficient, low background pulldown assay ...................................................204 
4.2.19 Factor X does not require provision of small molecules..............................................................205 
4.2.20 Generation of MBP-FIH-1 HEK 293T stable cell line.................................................................206 
4.2.21 Overexpressed MBP-FIH-1 is competent for Factor X................................................................208 
4.2.22 MBP-FIH-1 purified from mammalian cells loses competence for Factor X ..............................209 
4.2.23 Factor X may be a protein that facilitates or participates in an FIH-1/HIF-α complex ...............212 
4.2.24 Rational prediction of candidate Factor X proteins......................................................................213 
4.2.25 Factor X may involve CRM1-mediated export............................................................................215 
4.2.26 The HIF-α LL motif is homologous to a known CRM1 export sequence ...................................217 
4.2.27 LL-AA mutation disrupts cytoplasmic positioning of HIF-α ID-CADs......................................220 
4.2.28 The HIF-α LL motif is not a CRM1 export sequence..................................................................223 
4.2.29 Establishing a screen for Factor X ...............................................................................................225 

4.3 Results Summary.................................................................................................................................229 



 14

4.4 Discussion ............................................................................................................................................ 230 
4.4.1 Phosphorylation of HIF-α T796 by CK2 prevents FIH-1 binding/hydroxylation....................... 230 
4.4.2 The LL motif binds FIH-1 in cells and is inactive in vitro .......................................................... 234 
4.4.3 HIF-α protein degradation via the LL motif................................................................................ 235 
4.4.4 Hydroxylation is not upstream of degradation ............................................................................ 236 
4.4.5 Constitutive activity of LL-AA mutants is not an artefact of their stability ................................ 236 
4.4.6 LL-dependent HIF-α degradation and normoxic repression can be uncoupled .......................... 237 
4.4.7 LL-dependent degradation is predicted to occur via the 20S proteasome ................................... 237 
4.4.8 HIF-α degradation via 20S proteasome, independent of O2 and ubiquitin.................................. 240 
4.4.9 The LL motif may mediate 20S recognition and promote proteolysis ........................................ 241 
4.4.10 The mNotch1 LL motif is distinct from the HIF-α LL motif ...................................................... 242 
4.4.11 The Notch LL motif may provide insight into the HIF-α LL motif and Factor X ...................... 244 
4.4.12 The nature of Factor X ................................................................................................................ 245 
4.4.13 Regulation of HIF-α via CRM1 export ....................................................................................... 245 
4.4.14 Conclusion................................................................................................................................... 247 

5 FINAL DISCUSSION....................................................................................... 251 

5.1 The bigger picture............................................................................................................................... 251 
5.1.1 FIH-1 has an extensive substrate repertoire................................................................................. 251 
5.1.2 The ankyrin substrates are likely to participate in cellular O2-sensitivity and response.............. 251 
5.1.3 Structural preference of FIH-1 .................................................................................................... 252 
5.1.4 HIF-α-specific recognition by FIH-1 .......................................................................................... 254 
5.1.5 FIH-1 is anticipated to exert broad and critical cellular effects................................................... 254 
5.1.6 Therapeutic regulation of HIF-α via FIH-1 activation and inactivation...................................... 255 
5.1.7 Tissue repair and vascularisation................................................................................................. 256 
5.1.8 Cancer.......................................................................................................................................... 257 

5.2 Final Conclusion.................................................................................................................................. 258 

6 BIBLIOGRAPHY ............................................................................................. 259 


	TITLE PAGE: Substrate Specificity of Factor Inhibiting HIF-1 (FIH-1)
	Thesis Abstract
	Candidates Declaration
	Acknowledgements
	Table of Contents


