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Hypersaline environments are characterized by their high concentration of salts,
especially NaCl. Besides this, they may have other characteristics, that overall make the
conditions for living very difficult, and for that reason they are considered as extreme
environments. Among these other features are their low dissolved oxygen concentration,
high or low temperatures, high pH values, solar irradiation, etc. They are represented by
terrestrial as well as by two different aquatic habitats, named thalassohaline and
athalassohaline, depending upon whether their relative salt proportions are similar or not
to that of seawater. The most detailed studies of hypersaline habitats are from saline
lakes (Dead Sea, Great Salt Lake, Wadi Natrun, etc.), marine salterns (which are used
for the production of marine salt by evaporation of seawater), and saline soils.
Organisms that inhabit these saline environments are called halophiles. The three groups
of organisms that are normal inhabitants of these habitats are: i) halobacteria, or
extremely halophilic aerobic archaea; members of the family Halobacteriaceae, which
includes several species grouped in 15 different genera; ii) moderately halophilic
bacteria, that grow best at lower salinities than halobacteria and are predominant
organisms in environments with intermediate salinities. They are represented by a
variety of species and genera belonging to the methanogens and to different
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phylogenetic branches of the bacteria (Proteobacteria, High- and Low G+C Grampositive
bacteria,
Spirochetes,
Cytophaga-Flexibacter-Bacteroides
branch,
Cyanobacteria, etc.); and iii) some eukaryotic organisms, such as the brine shrimp
Artemia salina or the blue green algae Dunaliella.
In this introductory article, different aspects of the phylogeny, taxonomy, biodiversity,
physiology and biotechnological applications of the halophilic microorganisms are
discussed.
1. Introduction
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In the history of humankind, salt has been a valuable resource, especially in places
where it is not naturally abundant or easy to import. It is necessary as a nutrient, but it
was also used as a preservative against microbial deterioration, a long time before it was
known what bacteria affecting fish, meat, hides and other goods were. This practice led
to an empirical association between high concentration of salt and the absence of life.
The concept had, however, some occasional exceptions, in which a reddening and
spoilage of salt-preserved goods could be seen. By the end of the 19th century, it was
already accepted that this phenomenon was due to microbial growth occurring at salt
concentrations inhibitory for most other organisms.
What about habitats with a natural high salt concentration? The presence of life is not
that hard to detect, only some ability to observe and question is required. Looking at a
solar pan anywhere in the world, at the “Great Salt Lake”, at the “Solar de Atacama” or
at any other hypersaline environment, it is possible to detect – when the conditions are
favorable – a red coloration (sometimes preceded by green) due to microbial growth. If
the environment is aqueous, then the coloration can be very intense, indicating the
presence of a dense community of microorganisms.
The next questions are ‘what are the causative agents of the reddening?’ and ‘is this
reddening all that thrives in these habitats?’ The classical answer to these questions
would be that the reddening is caused by archaea, which are the major (or only)
inhabitants of hypersaline habitats at the highest salinities. At lower saline
concentrations, a more significant contribution of bacteria and eukarya can be expected.
However, this view has changed recently, since molecular techniques have shown that,
at least in some hypersaline environments, archaea are not as predominant in the upper
range of salinities as it was thought. Besides, the finding of Salinibacter ruber, a redpigmented extremely halophilic bacterium, has proved that even the reddening in
hypersaline habitats is no longer a trait exclusive of halophilic archaea. Certainly, we
have a sound knowledge of life under hypersaline conditions, but we are far from
knowing all its secrets.
2. Halophilism: Concept and Classifications
By simply using its etymological origin, halophilism can be defined as “love for salts”
or in a more explanatory way and applied to living organisms, it refers to a
physiological need for salts above common values. As salt is present in the chemical
composition of any organism and is an essential nutrient, it is important to stress ‘above

©Encyclopedia of Life Support Systems (EOLSS)

EXTREMOPHILES – Vol. II - Halophily (Halophilism and Halophilic Microorganisms) - Ventosa, A. and Arahal, D. R.

common’ since otherwise any living organism could be considered halophilic to a
certain extent. Indeed, only a reduced group of organisms (compared to the total
biological diversity) is termed as halophilic, as will be discussed later. In this sense,
those halophilic organisms that inhabit hypersaline habitats are considered
extremophiles, meaning that they develop in environmental conditions that would be too
harsh to most organisms. The definition of extremophilic is not deprived from an
anthropocentric perspective and thus, it considers situations in which a certain
environmental variable is significantly deviated from what we may consider normal (pH
close to neutrality, room temperature, low salinity, high nutrient availability and so on).
As these features are not necessarily exclusive, it is possible to find environments, and
organisms that thrive in them, that are haloalkaliphilic, psychrophilic and halophilic,
barophilic and halophilic, etc.
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So far, salts have been referred to in a general sense and no values have been
mentioned. A scientific approach deserves more accuracy, although in this subject it is
not an easy task because the boundaries are rather imprecise. If we look in a dictionary
for a definition of ‘salt’ as a noun, the first entry we find is very likely to look like this:
‘crystalline compound that consists of sodium chloride (NaCl), is abundant in nature,
and is used especially to season or preserve food or in industry - synonym common
salt’. Other substances resembling common salt (by its ionic nature and so on) can also
be termed as salt, therefore when used in plural, salts, we refer to a mineral or saline
mixture, as for instance the salts of the seas. Indeed, the ionic composition of
hypersaline and saline environments consists of a mixture of salts, not just NaCl.
However, because the majority of these niches are thalassohaline and in them NaCl is
by far the major component, it is very usual to leave the other ions aside from
calculations. Thus, we can say that a brine sample from a saltern pond containing 24 %
(weight/volume) salts has 4.1 M NaCl (taking a molecular weight of 58.5 grams per
mole). The error derived from excluding other ions is minimal and from the biological
point of view is meaningless. Therefore, it is an acceptable assumption.
Some aspects of the terminology have been clarified, but we still need to define the
limits employed to delineate halophily. Among the many definitions given by different
authors, the most accepted is shown below, and considers the following categories of
microorganisms according to their response to salts:
Extreme halophiles
Moderate halophiles
Slight halophiles
(marine microorganisms)
Halotolerants

Non-halophiles

Grow optimally above 15 % salts
Optimal growth is within the range 3-15 % salts
Grow best between 1 and 3 % salts

Optimal growth occurs below 1 % but growth is also
observed at higher salt concentrations (15 % or even
more)
Optimal growth is below 1 % salts

It is important to note, however, that outside of the scientific community specialized on
halophiles as extremophilic organisms, all the halo-derived words (i.e. halotolerant,
halophilic, haloresistant and so on) are often used to define organisms that exhibit a
very mild halophilic behavior that, however, helps to differentiate them from their
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closest relatives. This misappropriate use of the terminology can bring some confusion,
for example if we perform a boolean search on a citations database, we are very likely
to get many unwanted entries.
The following sections deal with different aspects, such as phylogeny and taxonomy,
ecology, physiology, genetics and biotechnological applications of halophiles. When
necessary distinction between the different categories of halophiles will be made,
otherwise they will be treated as a hole, or according to their phylogeny.
3. Phylogeny and Taxonomy
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Modern prokaryotic taxonomy and phylogeny developed by the mid 1970s, and about
ten years later sequence analyses of the small ribosomal RNA subunit was a well
established method for assessing phylogeny and inferring taxonomy. The consequence
of this has been a tremendous increase in the number of described halophilic species,
from 30 in 1980 to almost 200 nowadays. Of course, such an expansion would not have
been possible without the effort of many researchers looking for new niches, isolation
procedures, cultivation techniques and so on. In the particular case of halophilic
archaea, the importance of polar lipids analyses as a contribution for the improvement
of the taxonomy of this group has to be mentioned. Indeed, it is one of the key features
on the minimal standards recommended for the description of new members within the
family Halobacteriaceae. In the tree presented in Figure 1, the main phylogenetic
groups of archaea, bacteria and eukarya containing moderately or extremely halophilic
species have been included.

Figure 1. Phylogenetic tree based on the comparison of the 16S rRNA sequences,
showing the major groupings of the halophilic members of the Bacteria, Archaea and
Eukarya.
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Figure 2. A detailed phylogenetic tree, based on the comparison of the 16S rRNA
sequences, in which the relationships among the different species of the three domains
(Bacteria, Archaea and Eukarya) are shown.
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