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EXTENDED ABSTRACT ONLY – DO NOT CITE

Many animals are able to depress their metabolism in response to decrease in oxygen availability. In this phenomenon, known as oxygen conformance, cells co-ordinately downregulate both energy consumption and production to avoid energetic crises (Hochachka and Lutz, 2001). In severe hypoxia (0.02-1 % O2) and anoxia translational arrest has been shown to play a role in oxygen conformance (Koumenis et al, 2002). Furthermore, adaptation to low oxygen tension is enhanced by accumulation of hypoxia inducible factor-1( (HIF-1(), which increases expression of proteins involved in oxygen transport, oxygen utilization and anaerobic energy metabolism (Semenza, 2001; Soitamo et al, 2001). However, both mammalian and fish tissues can encounter oxygen tensions anywhere from 1-15 kPa (1-15 % O2). Little is known about the responses of cells to changes of oxygen supply at these higher oxygen tensions and whether the responses differ from those observed during severe oxygen deprivation.

To find out whether oxygen regulates energy metabolism and gene expression in fish cells, we studied the metabolic rate, HIF-1α expression and expression of enzymes of energy metabolism in primary rainbow trout (Oncorhynchus mykiss) hepatocytes under oxygen levels from 1 to 20 %. Hepatocytes were cultured under air atmosphere (20 % O2) for 2 days. Thereafter the oxygen level of the medium was 

decreased stepwisely to 10, 5, 2 and 1 % of oxygen for two-hour periods. In addition, time course experiments up to 18 hours of hypoxia were carried out 

Metabolic rate of the cells measured as heat production was directly related to oxygen tension in the whole oxygen level range 1-20 % (Figure 1.). 
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Unexpectedly, also the amounts of all mRNAs studied were directly related to oxygen tension in the oxygen level from 2 to 20 % O2 (Figure 2A.). When oxygen tension was decreased from 2 % to 1 % mRNA amounts returned to normoxic (20 %) levels. Changes in mRNA expression were followed by similar changes in protein expression. 

HIF-1α protein accumulated maximally between 1-2 % of oxygen (Figure 2B.). At 1 % of oxygen HIF-1α protein and its DNA binding activity increased to maximal levels in 1-2 hours concomitantly with glycolytic enzyme expression and thereafter declined during 18 hours of hypoxia. 
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Oxygen conformance has been described as adaptive response of hypoxia-tolerant cells. However, although rainbow trout is intolerant to hypoxia, acute graded responses in metabolic rate as well as in mRNA and protein levels suggest that oxygen has direct regulative effect on metabolism of trout hepatocytes. Furthermore, these results suggest that oxygen conformance observed in these cells at higher oxygen tensions (2-20 % O2) is achieved at least partly by down-regulation of protein synthesis through decreased mRNA amounts. Thus, down-regulation of protein synthesis at these oxygen tensions could be regulated at mRNA-level in contrast to severe oxygen deprivation where mRNA amounts have been shown to remain 

unaltered but inhibition of translation initiation occurs. Oxygen levels 1-2 % appear to be a threshold for hypoxia-inducible gene expression and possibly for down-regulation of protein synthesis at translational level in trout hepatocytes. 
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Figure 2. A. mRNA expression of enzymes involved in energy metabolism and actin in trout hepatocytes under different oxygen levels. COX1 =cytochrome-c-oxidase subunit 1, ATP6 = F0F1 ATPsynthase subunit 6. B. Western blot analysis of glucokinase, COX1 and HIF-1( proteins in trout hepatocytes under different oxygen levels.





Figure 1. The metabolic rate of trout hepatocytes under different oxygen levels. Heat production was determined from two microplates of subconfluent monolayers of cells using microcalorimeter.
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