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The deterioration of coral reefs is a global environmental problem.  Several hypotheses proposed to explain coral bleaching include UV-light exposure, global warming, exposure to intercontinental dust, and sewage pollution.  Caffeine is the most widely consumed and excreted psychoactive drug in the world.  It is a ubiquitous tracer of urban sewage, but its ecological effects are not well understood.  This study tests the hypothesis that caffeine exposure associated with sewage discharge into natural waters exacerbates the effects of environmental stressors associated with coral bleaching.  Other investigators working in vitro have reported that 25 mM (5 g/L) of caffeine causes bleaching through its effect on protein phosphorylation.  Here, I report the effects of caffeine on four species of coral algae endosymbionts.  The minimum inhibitory concentration (MIC) of caffeine for cell proliferation ranged from 30 mg/L for Clade C Symbiodinium goreaui (C) and Clade B Symbiodinium sp. from Pseudoterogorgia bipinnata (B7), to 50 mg/L for Clade A Symbiodinium microadriaticum (A), and 75 mg/L for Clade B Symbiodinium sp. from Aiptasia pallida (B6).  To assess the effect of caffeine on algal proteins, I used two-dimensional polyacrylamide gel electrophoresis and peptide mass spectrometry to identify sensitive proteins.  Differential display analyses showed several up-regulated and several down-regulated polypeptides in response to caffeine exposure in all algae species tested.  Specifically, 12 polypeptide spots upregulated and 37 polypeptide spots downregulated in C, 19 upregulated and 6 downregulated in B7, 14 upregulated and 13 downregulated in A, and 22 upregulated and 7 downregulated in B6.  The results show that caffeine exposure (1) causes a reduction in growth of algal endosymbionts, (2) affects the heat shock proteins that are also associated with coral bleaching, and (3) affects the proteins associated with photosynthesis and glycolysis which are fundamental functions of healthy symbionts.  These results demonstrate that my hypothesis concerning the effects of caffeine in sewage on the reef ecosystem cannot be rejected.  There is a possibility that other chemicals in sewage effluent and additional environmental stressors act synergistically together to contribute to coral bleaching.  The findings from this research are important to our understanding of human influence on the marine ecosystem, for improving wastewater treatment policies, and for better environmental management of a valuable ecosystem.

