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Starvation in Fish and Mammals
Much of vertebrate evolution has taken place in the aquatic environment, which is characterized by variable, and often low, oxygen levels and periods of reduced food availability. Many fish species survive in the absence of food for periods of several months. For example migrating salmon do not feed in freshwater when moving towards their spawning grounds and carp may over-winter without feeding. It is known starvation reduces growth rate, metabolism and hence respiration rate in fish. Thus, both hypoxia and starvation are associated with a fall in oxygen uptake as well as reduced food intake, protein turnover and growth. It appears that, when fish are starved, they are substrate limited and energy-saving strategies must be employed to maintain the supply of food to selected tissues, especially to the brain, to survive these adverse conditions. Reduction in metabolism has also been observed in mammals during starvation.  Nevertheless, the post-starvation behaviour appears to be rather different between mammals and fish. Active hoarding of food is a common behaviour for starved mammals but fish, on the other hand, becomes rather inactive and many fish species employ “wait and see” strategy during food deprivation. Several papers have been published recently to investigate the gene expression profiles of starved mammals.  On the contrary, the molecular mechanisms governing the survival of fish during starvation remains unknown. 

Material and Methods
Common carp (Cyprinus carpio) were obtained from a commercial fish farm and kept in well-aerated water (20±1(C) for 3 months for acclimation. They were fed to ad litum until the onset of the starvation experiment. Fish were starved for 0, 4, 8, 16, 28 and 42 days and five fish were killed at each time point. 

Total RNA was extracted and 10ug of RNA from each fish was reverse-transcribed separately into cDNA labeled with amino-allyl, followed by incorporation of Cye 3 or 5 dyes. Individual Cye5-labelled cDNA was competitively hybridized to the carp cDNA microarray with a cye3-labelled reference cDNA (which was a pool of equal amount of all the carp RNA samples). Dye-swap was carried out for all the samples. The microarrays were scanned, image analyzed by GenePix 4.0. Data was analyzed by GeneSpring. One-way ANOVA (false-discovery rate) was used to determine statistically significant results (p<0.05). 

Results and Discussions

Both mammals and fish have a general depressed metabolism during starvation. However, the gene expression profiles of rat / mice and fish are rather different. Genes involved in fatty acid / lipid breakdown and protein degradation/turnover were generally up-regulated in many tissues in mammals during starvation, with down-regulation of lipid biosynthesis-related genes (Bauzer et al., 2004; Lange et al., 2003; Jagoe et al., 2002, Suzuki et al., 2002). Other studies using subtractive suppression hybridization showed that energy metabolism, protein metabolism and intra-intercellular transporters were up-regulated in straved mammals (Zhang et al., 2001). Whereas in carp, genes associated with various metabolic pathways, including fatty acid transport and utilization, gluconeogenesis and mitochondrial oxidative phosphorylation and ATP-synthesis were down-regulated during starvation. Expression of genes encoding oxygen-, iron- and other transporters were decreased also in fish. However, genes involved in growth arrest, DNA-damage-repair system, were up-regulated in both mammalian and fish during starvation. 

The similarity and difference in the gene expression profiles of mammals and fish highlights the fact that growth is halted during starvation. However, mammals up-regulate a large number of genes during starvation in order to sustain its body temperature and to spare protein as the last resort of food substrate. In the case of carp, gene expression and hence energy expenditure seems to be kept to a minimum until day 42 of starvation, when a number of genes showed increased expression. This strategy of conserving body substrate levels with reduced energy expenditure during food deprivation, but maintaining an efficient assimilation strategy for when food is available, help carp to survive adverse conditions for much longer periods than mammals. 
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