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Preface

In his excellent and highly recommended fi rst book, the science writer Nick 
Lane described oxygen as the ‘molecule that made the world’ and illustrated 
just how hard it is to underestimate this gas in the development of life as we 
know it today. Most of us understand, and indeed take it for granted, that 
we inhale oxygen in order to generate energy effi ciently, and this allows us 
to do whatever we choose to do as we go about our daily business. Healthy 
individuals are very unlikely, barring excursions to high altitude, to experi-
ence hypoxia (a lack of oxygen). However, numerous common cardiorespi-
ratory diseases which unavoidably disturb the fi nely controlled collection, 
distribution and delivery of oxygen around the body can leave an individual 
lacking in oxygen. Such a state of hypoxia evokes a variety of striking physio-
logical reactions which can be extremely rapid but can also have prolonged and 
far-reaching consequences. Such reactions illustrate just how important we 
regard our supply of oxygen, and they form the basis of this issue of Essays in 

Biochemistry, which attempts to bring to the reader our current understand-
ing of the effects of hypoxia at the cellular and molecular level, in a variety of 
physiological and pathological situations.

Featuring heavily in several chapters is HIF (hypoxia-inducible factor), 
a transcription factor activated through the stabilization of its �-subunit in 
hypoxia, which is described accurately by Bell and Chandel as a master regula-
tor of oxygen homoeostasis. HIF is highly infl uential in hypoxic remodelling 
of numerous cellular processes, and an excellent overview of the HIF signalling 
pathway is provided by Coleman and Ratcliffe. The main intracellular utiliz-
ers of oxygen, the mitochondria, are considered as oxygen-sensing organelles 
by Bell and Chandel, who provide evidence for the importance of oxygen-
dependent generation of reactive oxygen species by mitochondria in numerous 
cellular processes, including HIF activation. Oxygen consumption by mito-
chondria can be physiologically disturbed by competition from nitric oxide, a 
process which is described, along with its consequences, including alteration of 
HIF signalling, by Galkin, Higgs and Moncada.

In reality, all cells can be said to be oxygen-sensing, since they all rely on 
it for oxidative phosphorylation. However, physiologically, we possess tis-
sues which can be described as specialized oxygen-sensing tissues – tissues that 
generate an active refl ex response to levels of hypoxia too mild to affect other 
tissues. The longest studied of these, the carotid body, remains something of 
a mystery still, but what we understand of it currently is summarized elo-
quently by Kumar. Likewise, the pulmonary vasculature’s unique contractile 
response to hypoxia is discussed by Evans, and the vascular theme is extended 

© The Authors Journal compilation © 2007 Biochemical Society
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to the systemic circulation’s adaptations to hypoxia in the chapter by Paffett 
and Walker. In these tissues and elsewhere, ion channels, which control cell 
excitability among other key functions, are primary targets for modulation by 
hypoxia; such responses are described in detail by Kemp and Peers. Also com-
ing to recent prominence in these oxygen-sensing tissues and elsewhere is the 
involvement of AMPK (AMP-activated protein kinase), which is activated by 
a shift in the cellular AMP/ATP ratio and, as such, is regarded as a ‘metabolic 
fuel gauge’. This kinase is discussed in detail by Hue and Rider.

The chapter by LaManna is of particular personal interest, since it high-
lights an issue many researchers choose to ignore. This describes the supply 
and utilization of oxygen by the central nervous system, and importantly 
reminds us that the brain (as well as other tissues) regards normoxia as a level 
of oxygen that is far lower than is commonly used during experimental pro-
cedures. Indeed, the brain’s own normoxia would commonly be regarded as 
hypoxia by many researchers.

The infl uence of oxygen levels in pathological situations are detailed in 
two further chapters. In cancer, as detailed by Brahimi-Horn and Pouysségur, 
HIF once again plays a fundamentally important (yet dangerous) role, con-
trolling survival of cancerous cells in the face of extreme hypoxia, as well as 
promoting tumour growth through angiogenesis, and strongly infl uencing 
metastasis. Periods of hypoxia in the central nervous system also predispose 
individuals to dementias, the most common of which is Alzheimer’s disease. 
Peers, Pearson and Boyle explain what we understand of this process, and how 
it involves dramatic remodelling of fundamental cell functions such as calcium 
homoeostasis.

It has been a pleasure for me to edit this issue. My thanks go to the 
authors, all of whom are leading experts in their respective fi elds: they all 
proved most willing to contribute, and have delivered high-quality essays with 
a punctuality which is as refreshing as it is unusual among the academic scien-
tifi c community. My thanks also go to Roheena Anand, Michael Cunningham 
and especially Clare Curtis at Portland Press who have been so polite in cor-
recting my spelling and have kept the whole process of assembling this volume 
running so smoothly.

Chris Peers
August 2007

Preface © The Authors Journal compilation © 2007 Biochemical Society
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A�  amyloid � peptide
ACC  acetyl-CoA carboxylase
AD  Alzheimer’s disease
ADAM  A Disintegrin And Metalloprotease
AE2  anion exchanger isoform 2
AICA  5-amino-4-imidazole-carboxamide
AMF autocrine motility factor
AMPK  AMP-activated protein kinase
Ang-2  angiopoietin-2
AP-1  activator protein-1
APP  amyloid precursor protein
ARD  ankyrin repeat domain
ARK  AMPK-related kinase
ARNT  aryl hydrocarbon receptor nuclear translocator
AS160  Akt substrate 160
BACE-1  �-amyloid cleavage enzyme
bHLH  basic helix–loop–helix
BNIP3  Bcl-2/adenovirus E1B 19 kDa interacting protein 3
BOLD  blood oxygen level dependent 
Br  bilirubin
Bv  biliverdin
BvR  Bv reductase
CA  carbonic anhydrase 
CAD  C-terminal transactivation domain
cADPR  cyclic adenosine diphosphate-ribose
CaMK  calcium/calmodulin-dependent protein kinase II
CaMKK  calmodulin-dependent protein kinase kinase
CBP   cAMP-response-element-binding protein-binding 

protein
CBS  cystathionine �-synthase
CH  chronic hypoxia
CMRglu  cerebral metabolic rate for glucose
CMRO2  cerebral metabolic rate for oxygen
COPD  chronic obstructive pulmonary disease
COX  cyclo-oxygenase
CREB  cAMP-response-element-binding protein

POIN003_FM_essbiochem.indd   xviiPOIN003_FM_essbiochem.indd   xvii 7/23/07   4:36:09 PM7/23/07   4:36:09 PM



xviii

Abbreviations © 2007 Biochemical Society

DSBH  double-stranded �-helix
ECM  extracellular matrix
EDRF  endothelium-derived relaxing factor
eEF2  eukaryotic elongation factor 2
eIF  eukaryotic initiation factor
Em  resting membrane potential
eNOS  endothelial nitric oxide synthase
EPO  erythropoietin
ERK1/2  extracellular-signal-regulated kinase 1/2
ET-1  endothelin-1
FH  fumarate hydratase
FIH  factor inhibiting HIF
FiO2  fraction inspired oxygen
fMRI  functional magnetic resonance imaging
FRET  fl uorescence resonance energy transfer
G6PD  glucose-6-phosphate dehydrogenase
GAP  GTPase-activating protein
GDI  guanine nucleotide dissociation inhibitor
GEF  guanine-nucleotide-exchange factor
GLUT  glucose transporter 
GPX glutathione peroxidase
HEK  human embryonic kidney
HET  heterozygous
HIF  hypoxia-inducible factor
HMG-CoA  hydroxymethylglutaryl-CoA
HO  haemoxygenase
HPH  hypoxic pulmonary hypertension
HPV  hypoxic pulmonary vasoconstriction
HRE  hypoxia-responsive element
IGF  insulin-like growth factor 
IH intermittent hypoxia
I�B inhibitory �B
IKK  I�B kinase
IL-8  interleukin-8
iNOS  inducible nitric oxide synthase
IP3  inositol trisphosphate
Kv  voltage-sensitive potassium
LDH-A  lactate dehydrogenase A
LTF  long-term facilitation
MAPK  mitogen-activated protein kinase
MCT  monocarboxylate transporter
MLC  myosin light chain
MLCK  myosin light chain kinase
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MLCP myosin light chain phosphatase
MnTMPyP   manganese (III) tetrakis-(1-methyl-4-pyridyl)-

porphyrin pentachloride
mtNOS  mitochondrial nitric oxide synthase
mTOR  mammalian target of rapamycin
NAD  N-terminal transactivation domain
NF-�B  nuclear factor �B
NHE1  Na+/H+ exchanger
NIP3L  Nip-3 like
NIX  protein X
NLS  nuclear localization signal
nNOS  neuronal nitric oxide synthase
NO  nitric oxide
NOS  nitric oxide synthase
Nox  NADPH oxidase
Noxa1  NADPH oxidase activator 1
Noxo1  Nox organizer 1
NTS  nucleus tractus solitarius
ODDD  oxygen-dependent degradation domain
ONOO� peroxynitrite
OS-9  amplifi ed in osteosarcoma 9
p50  oxygen partial pressure producing 50% saturation
p70S6K  p70 ribosomal protein S6 kinase
PAS  Per-Arnt-Sim
PC12  pheochromocytoma-12
PCO2  partial pressure of carbon dioxide
PDH  pyruvate dehydrogenase
PDK1  pyruvate dehydrogenase kinase 1
PET  positron emission tomography
PFK-2  6-phosphofructo-2-kinase
PGE2  prostaglandin E2
PGI  phosphoglucose isomerase
PGM  phosphoglycerate mutase
PHD  prolyl hydroxylase domain
pHe  extracellular pH
pHi  intracellular pH
phox  phagocytic oxidase
PI3K  phosphoinositide 3-kinase
PKA  cyclic AMP-dependent protein kinase
PKB  protein kinase B
PO2  partial pressure of oxygen
PTEN   phosphatase and tensin homologue deleted on 

chromosome 10
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RCC  renal cell carcinoma
Rheb  Ras homologue enriched in brain
RNAi  RNA interference
ROS  reactive oxygen species
SCO2  cytochrome c oxidase 2
SDH  succinate dehydrogenase
sGC  soluble guanylate cyclase
SOD  superoxide dismutase
SR  sarcoplasmic reticulum
TAD  transcriptional activation domain
TAK  transforming growth factor-�-activated kinase
TCA  tricarboxylic acid
TGF-�  transforming growth factor-�

TGF-�  transforming growth factor-�

TH  tyrosine hydroxylase
TIGAR  TP53-induced glycolysis and apoptosis regulator
TNF�  tumour necrosis factor �
TORC2  transducer of regulated CREB activity 2
TRP transient receptor potential
TSC tuberous sclerosis complex
VEGF  vascular endothelial growth factor
VGCC  voltage-gated calcium channel
VHL  von Hippel-Lindau tumour-suppressor
VSM vascular smooth muscle
WT  wild-type
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