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EXTENDED ABSTRACT ONLY: DO NOT CITE
While most vertebrates are unable to withstand prolonged exposure to diminished oxygen, a few species of fish have adapted to survive periods of hypoxia or anoxia. They rapidly (Lutz et al. 2003) and reversibly (Hochachka et al. 1996) reprogram their metabolism to turn down their ATP consumption (Lutz et al 2003) and produce molecular chaperones (Airaksinen et al, 1998; Renshaw et al, 2004) in order to prolong survival. The identity of genes responsible for successfully switching to such a “protected phenotype” is currently under investigation in a number of fish species. In order to examine the effect of low ambient O2 without the confounding effects of lowered temperature we characterised the metabolic and respiratory response an anoxia tolerant tropical elasmobranch (Renshaw et al., 2002). 

In its natural environment, he epaulette shark (Hemiscyllium ocellatum) can be subjected to intermittent hypoxia on low nocturnal tides if the water on shallow reef platform is prevented from mixing with the surrounding ocean by a fringing reef. The anoxia tolerant epaulette shark employs respiratory and metabolic strategies, including metabolic depression, in order to maintain brain energy homeostasis during anoxia (Renshaw et al., 2002).
We used a prior exposure to a sub-lethal episode of anoxia (anoxic preconditioning) to elicit changes in gene expression in the epaulette shark to investigate cell survival. Briefly, sharks were exposed to a sub-lethal episode of anoxia followed by an anoxic challenge 24 hours later.  Anoxic tanks, 60-litre glass aquaria, were prepared by bubbling N2 through an air stone, at 4 l.min-1 until the [O2] fell below 0.3 % of air saturation (< 0.02 mg O2 l-1). Sharks were transferred singly to anoxic tanks. Anoxic preconditioning was terminated when the righting reflex was lost, epaulette sharks were returned to the holding pool for 24 hours, then exposed to an anoxic challenge for 55 min, corresponding to the mean time taken for sharks to loose their righting reflex during anoxic preconditioning.  The control sharks (n=5) were exposed to normoxia using an otherwise identical protocol. Five of the anoxic preconditioned sharks (n = 10) were sacrificed after the anoxic challenge, a further 5 sharks were returned to normoxic conditions for 30 minutes prior to sacrifice (re-oxygenated). Sharks were euthanased by excess benzocaine dissolved in seawater then heart and liver samples were taken and immediately frozen in liquid nitrogen.

No marked DNA fragmentation was observed in the tissues examined. Using western blot analysis, we examined caspase levels at two control points: caspase-3 and caspase-9. 
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Anoxic challenge resulted in the selective activation of apoptotic pathways. Cleaved caspase-3 was elevated above baseline in anoxic preconditioned and re-oxygenated liver revealing that caspase 3 was activated in the liver but not in the heart. A low level of cleaved caspase-9 was present in normoxic heart and was not markedly elevated in the hearts from anoxic preconditioned or re-oxygenated sharks, indicating that apoptotic pathways may not have increased during or immediately after an anoxic challenge. 

Increased expression of Mcl-1, a member of the anti-apoptotic bcl-2 family, inhibits apoptotic cell death. Mcl-1 was elevated in the re-oxygenated heart but not in the liver of epaulette sharks subjected to an anoxic challenge after preconditioning.             
       
      
[image: image3.png]-37Kd

-25Kd





The level of Mcl-1 was not detected in liver. Mcl-1 expression appeared to be decreased, relative to the normoxic control, in the anoxic preconditioned heart (thick arrow) and elevated in the re-oxygenated heart (thin arrow), indicating that the anti-apoptotic factor Mcl-1 may play a crucial role in the prevention of apoptosis in the epaulette heart subjected to an anoxic challenge.
Together, these findings support the notion that preconditioning elicits a cardio-protective response by affecting gene transcription (Hochachka et al., 1996) and suggest that adaptations to survive oxygen deprivation may include the selective protection of vital organs such as the heart.
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Figure 2. Mcl-1 protein in the cytoplasmic fraction of heart and liver samples: 30 minutes after reoxygenation (RE), anoxic preconditioning (AP) or normoxia (N).
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Figure 1. Activated caspase-3 and caspase-9 proteins in the cytoplasmic fraction of heart and liver samples: 30 minutes after reoxygenation (RE), anoxic preconditioning (AP) or normoxia (N).
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