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Abstract:

This report describes an assessment of the survival, physiological response and recovery of common
human fecal indicator and enteropathogenic bacteria with long-term polar marine exposure. The
maintenance and expression of antibiotic-resistance (R) and conjugative (F) plasmids were also
examined. Direct (non-culture-based) methods for assessing bacterial viability were employed to
determine fractions of viable-but-nonculturable (VBNC) bacteria. A systematic study of the
mechanisms behind one of these techniques (5-cyano-2,3-ditolyl tetrazolium chloride [CTC] reduction)
was also investigated in a model prokaryote Polar marine exposure experiments were performed using
in situ diffusion chambers filled with cultures of 2 indicator, (Escherichia coli, Enterococcus faecalis),
and 2 pathogenic bacteria (Salmonella typhimurium, Yersinia enterocolitica). These were placed in situ
at Winter Quarters Bay, McMurdo Station, Antarctica for periods of 54-56 days (-1.8°C, 34.5 ppt
salinity). E. coli cells harboring R-(pUC19), as well as F-(pFamp), plasmids were exposed for 54 and
21 days, respectively. Exposure significantly extended the survival of all enteric bacteria examined
when compared to survival studies in more temperate marine environments. Little cell lysis or
decreases in total cell numbers were noted. A progressive increase in amounts of VBNC and injured
cells with exposure was noted in E. coli, S. typhimurium, and Y. enterocolitica. These organisms also
became markedly thermosensitive after 48 days exposure, and would no longer form colonies on
plating media at 37°C. E. coli, S. typhimurium, and Y. enterocolitica respiratory activity was limited by
nutrient availability rather than temperature in the environment. R-, and F- plasmids were maintained
and expressed for up to 54 days.

Experiments demonstrated that both CTC and INT (2-(4-iodophenyl)-3-(4-nitrophenyl)-5 -phenyl
tetrazolium chloride) were reduced in response to bacterial respiratory activity. CTC appeared to be
reduced by the primary aerobic dehydrogenases (NADH, succinate), while INT was reduced by these
as well as ubiquinone and possibly cytochromes b555,556. Both CTC and INT were reduced under all
anaerobic conditions examined. However, CTC appears to form a nonfluorescent formazan in the
presence of high concentrations of inorganic phosphate. 
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