The Halobacteriaceae differ in many ways from other non-archaeal halophiles and extreme halophiles. Most Halobacteriaceae are thought to be obligate halophiles as they cannot grow at salt concentrations below about 1M (although slow growth and survival has been reported at concentrations as low as 0.4 M [1]). Their strategy for tolerating high salt differs markedly from that used by the halophilic bacteria (with the exception of Salinibacter ruber) and by eukaryotes and allows them to withstand higher concentrations of salt.

Rather than accumulating organic solutes or continuously pumping salt out of the cell, the Halobacteriaceae equilibrate to high external salt concentrations by accumulating intracellular cations, or counterions, such as K+. As a result, haloarchaeal proteins possess a highly charged surface surrounded by a hydration shell, which prevents aggregation, thus enabling these proteins to function under high salt conditions.

When adapting to a low-salt environment the cell must efflux internal potassium ions; in contrast, if the external salt concentration increases, the cell must increase the internal potassium concentration. Therefore, low salt adaptation should be a slower, energy-consuming process. (For a review of these processes, see [2].) 

For over a decade, Hfx. volcanii has been a model organism for the study of osmoregulation in high salt environments. Many of its responses to salt challenge have been characterized, including global changes in transcription patterns, the up-regulation of salt-induced proteins, the induction of other specific biochemical pathways, and changes in protein surfaces and DNA topology 
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When those regions were superimposed onto the genome sequence (Table S2 using conversion factor determined in Table S1), they were found to include genes known to be involved in osmotic homeostasis (Table S3). Genes of unknown function also mapped to these regions, suggesting that future studies might uncover new genes involved in osmotic adaptation. However, our results must be interpreted with some caution due to the low resolution of the original genetic map.

Most significantly, a clear “high salt adaptation region” was identified extending from position 956545 to 9875454 in the genome sequence, corresponding to clones 347 and 196 in the original genetic map (Table S3). This region harbors the only Na+/H+ antiporter and trkA potassium uptake system operons identified in the genome annotation, both of which are essential for haloarchaeal osmoregulation [2,10]. This finding provides a “proof-of-principle” that the original genetic map can, at least in part, be coordinated to the genome annotation. 

In addition, a “stress response” region on the map that is transcribed in response to low salinity corresponded to position 1426545 to 1476545 in the genome sequence. This region contains grpE, dnaK, dnaJ, and other chaperones, as well as DNA repair genes including DNA gyrase and topoisomerase VI (topoVI), suggesting that this is a “damage response” region that can respond to either protein or DNA damage (Table S3).
A region associated with increased transcription at high salinity and decreased transcription at low salinity matched with genome positions 1964295 to 2014295. This region contains several complete sugar transporter complexes: a phosphotransferase system (PTS) operon, two complete ABC sugar transporters, and an oligopeptide ABC transporter (Table S3). It also encodes three ArcR regulators. Notably, the arcR gene family is expanded within the haloarchaea (see main text), thus creating the possibility of additional regulators for some of these genes.

In general, whereas the halophilic bacteria use organic solutes, such as sugars, for osmotic adaptation, haloarchaea are thought to rely on the well-studied mechanism of potassium accumulation. However, finding a sugar transport system in the putatively high salt-transcribed region could suggest a novel role for sugars in Haloferax’s osmoregulation processes. For example, in the bacterium Listeria monocytogenes, the PTS is known to be important for salt adaptation [11]. This could be a feature unique to Hfx. volcanii as it is the only haloarchaeon—or more broadly, the only archaeon—to possess multiple bacterial-like PTSs, including both a cytosolic PTS complex and complete membrane-bound enzyme II complexes. 
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