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Abstract Two extreme halophilic Haloferax strains and
one strain each of Halobacterium and Halococcus were
isolated from a hypersaline coastal area of the Arabian Gulf
on a mineral salt medium with crude oil vapor as a sole
source of carbon and energy. These archaea needed at least
1 M NaCl for growth in culture, and grew best in the
presence of 4 M NaCl or more. Optimum growth temper-
atures lied between 40 and 45°C. The four archaea were
resistant to the antibiotics chloramphenicol, cyclohexi-
mide, nalidixic acid, penicillin, streptomycin and tetracy-
cline. The strains could grow on a wide scope of aliphatic
and aromatic (both mono-and polynuclear) hydrocarbons,
as sole sources of carbon and energy. Quantitative mea-
surements revealed that these extreme halophilic prokary-
otes could biodegrade crude oil (13—-47%, depending on the
strain and medium salinity), n-octadecane (28-67%) and
phenanthrene (13-30%) in culture after 3 weeks of incu-
bation. The rates of biodegradation by all strains were
enhanced with increasing NaCl concentration in the med-
ium. Optimal concentration was 3 M NaCl, but even with
4 M NaCl the hydrocarbon-biodegradation rates were
higher than with 1 and 2 M NaCl. It was concluded that
these archaea could contribute to self-cleaning and biore-
mediation of oil-polluted hypersaline environments.
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Introduction

The biodegradation and bioremediation of hydrocarbons by
non-extremophilic microorganisms have already been the
subject of extensive research (for reviews see Rehm and
Reiff 1981; Van Hamme et al. 2003; Rosenberg 2006;
Radwan 2009). On the other hand, only little information is
available on hydrocarbon biodegradation and bioremedia-
tion by extremophilic microorganisms especially archaea
(for review see Margesin and Schinner 2001; Le Borgne
et al. 2008). Hypersaline areas, although of wide global
distribution and of being exposed to pollution, including
hydrocarbon-pollution (Lefebvre and Moletta 2006), are
typical examples of rarely studied extreme environments.
Some earlier reports assume that bacteria with their greater
metabolic diversity should be more promising degraders
than archaea (Oren et al. 1992). Furthermore, since there is
an inverse relationship between salinity and hydrocarbon
solubility (Whitehouse 1984), the substrate availability to
microorganisms should be lower in saline than nonsaline
environments. This is probably in part why earlier workers
assumed an inverse relationship between hydrocarbon
biodegradation and salinity (Ward and Brock 1978). How-
ever, some other earlier reports indicated that even in the
presence of high NaCl concentrations, actinomycetes
(Kunznetsov et al. 1992; Al-Mueini et al. 2007) and archaea
(Bertrand et al. 1990; Kulichevskaya et al. 1992; Tapilatu
et al. 2010) could oxidize petroleum hydrocarbons.

The self-cleaning and bioremediation of polluted
hypersaline environments does not seem to be possible
with “conventional” microorganisms (Pieper and Reineke
2000; Oren 2002). The potential alternative microorgan-
isms in these applications are probably the extreme halo-
philic archaea. Since the major objective of this paper was
to study the hydrocarbon-attenuation potential of four
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archaeal isolates from a hypersaline coastal area of the
Arabian Gulf, the following is a brief review of relevant
studies on this group of procaryotes.

As already mentioned, information on hydrocarbon
biodegradation in hypersaline environments is limited and
in part contradictory. Literature reports are available on
the adaptation of hydrocarbon-utilizing microbial consor-
tia to high salinity (Riis et al. 2003; Kleinsteuber et al.
2006). Other reports indicate that salinity did not affect
microbial hydrocarbon biodegradation (Kerr and Capone
1988). Still other reports show that hydrocarbon biodeg-
radation was enhanced by salinity increases (Diaz et al.
2000; Yang et al. 2000). This diversity reflects the com-
plexity of the microbial consortia involved. Extreme
halophilic archaea have been reported by only a few
investigators to degrade both aliphatic hydrocarbons and
aromatic compounds. For instance, several species
belonging to Halobacterium were reported to degrade a
wide range of n-alkanes and polynuclear aromatic hydro-
carbons at about 30% NaCl concentration (Kulichevskaya
et al. 1992). Also the haloarchaea Haloferax (Emerson
et al. 1994) and Haloarcula (Oren et al. 1992; Fairley et al.
2002) could degrade aromatic compounds. Cuadros-Orellana
et al. (2006) suggested that the ability to degrade p-hydroxy-
benzoic acid is a widespread feature among Halo-
bacteriaceae.

In this paper we describe the isolation of four extreme
halophilic archaeal strains from a hypersaline coastal area
of the Arabian Gulf on a saline mineral medium with oil
vapor as sole source of carbon and energy. We also studied
the effect of increasing medium salinity on the hydro-
carbon-biodegradation potential of the archaea.

Materials and methods
Sampling

The Arabian Gulf is a saline basin in which evaporation
exceeds fresh water influx (Al-Zamel 1983). Hypersaline
coastal areas are the supertidal “sabkha” in the north
(Kuwait) and south (Abu Dhabi, Qatar) of the Gulf.

Five soil and five pond-water samples were collected at
random from the sabkha of the southern (Khiran) coast of
Kuwait in sterile plastic bags and vials, kept in an ice-box
(8°C), transported to the laboratory and processed the same
day. Relevant environmental parameters viz pH value and
salinity, dissolved oxygen, total organic carbon, nitrate,
ammonium and phosphate contents were recorded for the
sampling sites using a water quality checker (WQC-24,
Japan). Total hydrocarbons in the samples were extracted
with three successive aliquots of pentane and determined
quantitatively by gas-liquid chromatography (GLC) (see
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later) using n-hexadecane solution (30 pg ml~' diethyl-
ether) as an external standard.

Archaeal numbers and identities

Cultivable extreme halophilic oil-utilizing microorganisms
in the soil and water samples were counted by the dilution
plating method using, as a medium, the constituent mineral
compounds only of the medium described by Mevarech
and Werczberger (1985) and crude oil (light Kuwait oil)
vapor as a sole source of carbon and energy. The complete
medium had the following composition (g 17'): 240 NaCl;
30 MgCl,-6H,0; 35 MgS04-7H,0; 7 KCI; 8.5 yeast
extract; 1.7 peptone; 1.7 casamino acids; 20 agar; pH 7.5.
To prepare the oil medium, yeast extract, peptone and
casamino acids were deleted and instead 2 g 1~' NH4NO;
was added and oil vapor was made available (see below).
One gram of soil or water was suspended in 99 ml sterile
pond-water giving the stock (107?) from which down
series of dilutions (till 10™*) were prepared. Aliquots,
0.25 ml of each dilution was spread on the solid mineral
medium in Petri-dishes and crude oil vapor was made
available as a sole carbon and energy source from 3 ml oil-
impregnated filter papers fixed in the dish lids. Dishes were
sealed with cello tape and incubated at 37°C for 3 weeks.
Five parallel plates were prepared for every dilution. The
colony forming units (CFU) were counted. Strains in the
pooled replicate plates were categorized according to their
colony and cell morphologies, counted and three repre-
sentative colonies were isolated, purified and maintained
on the above complete (with yeast extract, peptone and
casamino acids) medium. The isolates were subcultured
every another week, and identified by sequencing their 16S
rRNA coding genes.

The GeneElute Bacterial Genomic DNA Miniprep Kit
(Sigma—Aldrich, St. Louis, MO, USA) was used to extract
total genomic DNA and the 16S rRNA genes were
amplified by polymerase chain reaction (PCR) using the
primers 0018F (5-ATTCCGGTTGAGCC TGCC) and
1518R  (5-AGGAGGTGAGCCAGCCGC). The PCR
products were purified using the QIA quick PCR purifica-
tion kit (Qiagen, Valencia, CA, USA) in order to remove
the Taq polymerase, primers, and dNTPs that might
interrupt the sequencing procedure. Partial sequences of the
16S rRNA encoding genes were obtained by applying the
BigDye version 3.1 Terminator Kit (Applied Biosystems,
Warrington, UK); 20 ng of the DNA template was added to
8 pL of BigDye version 3.1 terminator; 1 pL of the primers
was added to the mixture and the final volume was brought
up to 20 puL with sterile molecular water. The vials were
incubated in a GeneAmp PCR system 9700 thermocycler
(Applied Biosystems, Foster City, CA, USA). The standard
PCR program was conducted; it consisted of 1 cycle of
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denaturation for 5 min at 94°C, annealing at 65°C for
1 min, followed by 25 cycles with denaturation tempera-
ture at 55°C for 30 s and extension step at 72°C for 30 s
followed by 7 min at 72°C. Purification was done by
adding 2 pl of 3 M sodium acetate pH 5.2 and 50 pl of
100% ethanol to each sample followed by incubation for
20 min at room temperature before centrifugation for
20 min at 13,000 relative centrifugal force (RCF). The
pellet was washed with 50 pl of 70% ethanol and recen-
trifuged at room temperature for 5 min at 13,000 RCF. The
pellet was left to dry in the hood for 10 min in the dark and
20 pl Hi-Di formamide (Applied Biosystems, Foster City,
CA, USA) was added to each sample prior to the dena-
turing step, where samples were incubated in a thermocy-
cler for 2 min at 94-95°C before being loaded in the
3130x! genetic analyzer (Applied Biosystems, Foster City,
CA, USA). Sequencing analysis version 5.2 software
(Applied Biosystems, Foster City, CA, USA) was used to
analyze the results. Sequences were subjected to basic local
alignment search tool analysis with the National Center for
Biotechnology Information (NCBI, Bethesda, MD, USA)
GenBank database (Altschul et al. 1997). The sequences
were deposited in the GenBank database under the acces-
sion numbers cited in Table 1. For further confirmation of
the strain identities, the sequences were compared with
actual type strain sequences accessible through the
“Ribosomal Database Project”.

Effect of sodium chloride concentration on growth

Growth of archaeal isolates in the complete medium and the
mineral medium with oil vapor as sole source of carbon and
energy in the presence of 1 through 4 M NaCl was mea-
sured. Aliquots, 10 ml of the media were dispensed in test
tubes, sterilized and inoculated each with 0.1 ml of a com-
mon inoculum prepared by suspending a loopful of the
biomass in 5 ml sterile pond-water. To exclude the possi-
bility that traces of organic matter in the pond-water might
have had served as alternative carbon sources, it was made
sure in a parallel experiment that no archaeal growth

Table 1 Environmental parameters of the sampling sites

Parameters Water samples Soil samples
pH value 7.2-7.3 7.2-7.4
Salinity (M) 1.5-2.0 1.54.5
Dissolved oxygen (mg 17" 2.3-5.1 2.1-5.2
Total organic carbon (%) 2.4-2.5 24-29
Total hydrocarbons (ug g~) 22.1-35.3 28.9-59.1
Nitrate (mg kg™ ") 1.4-22 1.6-2.0
Ammonium (mg kg~") 2.1-2.2 2.1-2.4
Phosphate (mg kg_l) 1.5-1.7 1.5-1.9

occurred when oil vapor was not provided to the culture.
Tubes containing the mineral medium were provided with
crude oil vapors created from 3 ml crude oil-impregnated
cotton plugs and tightly coating the plugs with multiple
layers of cello tape to prevent volatilization in the open
atmosphere. The tightness of these stoppers was checked by
the lack of the typical oil vapor smell at the tube mouths after
cello tape coating. In this experiment cells made use of the
amount of oxygen that was available in the sealed tubes.
Plugs of tubes containing the complete medium were coated
similarly, but without oil impregnation. Incubation was done
at 37°C (which although not optimal, yet supported satis-
factory growth) for 3 weeks and growth was measured in
terms of optical density at 600 nm. Optical density mea-
surements were also used to examine growth at different
temperatures and in media containing benzene, toluene or
p-hydroxybenzoic acid as sole sources of carbon and energy.

Hydrocarbon-utilization and biodegradation

To study the potential of individual archaea for the utili-
zation, as sole carbon and energy sources, of the n-alkanes
with chain lengths from Cg through C4y and of the aro-
matics benzene, toluene, phenanthrene, biphenyl, naph-
thalene and p-hydroxybenzoic acid, a common cell
suspension was prepared for every strain by suspending a
biomass-loopful from a 3-day culture in 5 ml sterile pond-
water. A loopful of the suspension was streaked onto the
above mineral salt medium containing 0.5% w/v of the
individual hydrocarbons. After incubation for 3 weeks at
37°C, cultures were examined for growth.

The effect of salinity on the hydrocarbon-biodegradation
potential of the pure archaeal cultures was determined
quantitatively. Aliquots, 200 ml of the mineral medium
containing 1, 2, 3 and 4 M NaCl were dispensed in 500 ml
conical flasks, and provided with, 0.2% w/v aliquots of
crude oil, n-octadecane (an alkane) or phenanthrene (an
aromatic hydrocarbon) separately. For each organism a
common inoculum was prepared by suspending 1 loopful
of cells in 5 ml pond-water, and each flask was inoculated
with 1 ml of this suspension. Three replicates were used
throughout, and the flasks were incubated on an electric
shaker, 180 rpm, at 37°C for 3 weeks. The control samples
were prepared by following the same procedure, but using
autoclaved instead of fresh biomass. At the end of the
incubation period, residual hydrocarbons were recovered
from each medium aliquot by three 30-ml aliquots of die-
thyl ether. The combined extract was completed to 90 ml
and 1 pl was analyzed by gas-liquid chromatography
(GLC), using a Chrompack (Chrompack, Middelburg, the
Netherlands) CP-9000 instrument equipped with a FID, a
WCOT-fused silica CP-SIL-5CB capillary column,
15 m x 0.25 mm, and a temperature program which raised
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Table 2 Numbers, identities
and growth requirements of
extreme halophilic oil-utilizing

archaeal isolates from the
hypersaline coast of the Arabian
Gulf

Description Isolate identities
HA-1* HA-2 HA-3° HA-4°
Isolated from Water Water Soil Soil
CFU g™! 1500 1200 710 240
16S rRNA-gene sequencing
Total bases compared 405 512 356 367
Nearest GenBank match Haloferax sp. Haloferax sp. Halobacterium sp. Halococcus sp.
% of similarities 99 99 100 99
Subdivision Halobacteria Halobacteria Halobacteria Halobacteria
GenBank accession numbers GUS550441 GU573917 GUS550442 GUS550443

Salinity and temperature requirements

Minimum NaCl (M)

1 1 1 1

Optimum NaCl (M) >4 >4 4 4
Growth temperature range (°C) 35-50 3045 30-50 30-50
Optimum growth temperature (°C) 40 40 45 45
Antibiotic resistance
Chloramphenicol (50 mg 17") + + + +
Cycloheximide (60 mg 171 + + + +
Nalidixic acid (30 mg 1 + + + +
Penicillin (50 mg 1™") + + + +
Streptomycin (30 mg 17" + + + +
Tetracycline (50 mg 171 + + + +
Utilization of hydrocarbons as sole carbon and energy sources
Crude oil volatile portion + + + +
The n-alkanes
Cg to Cyg + + + +
Cyo to Cyy + + + -
Cy to Cay + + - -
C35 to Cyo - - — -
The aromatics
Benzene + - + +
Toluene + + + +
Phenanthrene + + - -
a . . Biphenyl + + + _
Deep pink colonies
° Ppale pink colonies Naphthalene . . + + B +
p-Hydroxybenzoic acid - - + +

¢ Pale red

the temperature from 45 to 310°C at 10°C min~"'. The peak
areas of residual hydrocarbons were compared to the areas
of the control peaks enabling the calculation of decrease
percentages. The values obtained were taken as quantita-
tive measure of the hydrocarbon biodegradation.

Results and discussion
The environmental parameters that were measured in the
sampling sites are recorded in Table 1. These data imply

that oil bioremediation in situ via extreme halophilic
archaea can potentially occur under suitable environmental
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conditions as far as the pH value, salinity aeration and
nitrogen and phosphate contents are concerned. The site
was not pristine, although the total hydrocarbon contents
were low. Probably these pollutants had their origin in the
permanently polluted water body of the Gulf, although
some may be of biogenic origin. This low hydrocarbon
content was reflected in rather low numbers of hydrocar-
bon-utilizing archaea, which expectedly may be enriched
after any potential oil spill in this site.

The results in Table 2 show that both the soil and pond-
water samples from the hypersaline sabkha area contained
several to many hundreds of CFU g~ of archaea capable
of growth on oil vapor as a sole source of carbon and
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energy. These numbers, although low are considerable
given that workers on archaea with “conventional”
requirements routinely have to enrich them in culture
before isolation (Goh et al. 2006; Usami et al. 2005;
Vetriani et al. 1999). As mentioned above, the low numbers
may probably be due to the low hydrocarbon content of the
site. Presumably the numbers would be enhanced in situ
following potential oil spill there. The plates contained of
course in addition to the archaea colonies of extreme hal-
ophilic bacteria, in the magnitude of 10* CFU g™ !, but the
numbers given in Table 2 were these of archaea affiliated
to Haloferax (2 strains), Halobacterium and Halococcus
only. This table contains also data related to the 16S rRNA
gene partial sequencing of the four strains. The comparison
of the sequences of the four archaeal strains with those of
strains in the “Ribosomal Database Project” confirmed
their identities. The PCR fragments compared for Halo-
bacterium sp. (356 bp) and Halococcus sp. (367 bp) with
the GenBank references were not particularly long. How-
ever, corresponding fragments for Halobacterium sp. SP3
(2) (Akolkar et al. 2008) and Halococcus sp. JCM 8979
(Brito-Echeverria et al. 2009) with 359 and 257 bp,
respectively, were as short or even considerably shorter. It
is to be noted that these fragments were long enough to
affiliate the isolates on the genus level, but would probably
be too short to affiliate them on the species level.

The four hydrocarbon-utilizing archaea grew best in the
presence of 4 M NaCl or more, and failed to grow at
concentrations less than 1 M NaCl, i.e., their salt require-
ments were similar to those recorded for the same genera
growing on “conventional” carbon and energy sources
(e.g., Bertrand et al. 1990; Aono et al. 1991; Magot et al.
2000; Ramos et al. 2002). In addition to their extreme
halophilic nature, these oil-utilizing archaea, with 40 and
45°C, had rather elevated optimum temperature require-
ments. Their temperature range was 30-50°C. Thus, they
are also similar in their temperature requirements to their
counterparts with conventional nutritional requirements
(e.g., Falb et al. 2008).

Similar to other archaea (Denner et al. 1994; Grant et al.
2001; Stan-Lotter et al. 2002), the four hydrocarbon-uti-
lizing archaeal strains were resistant to the antibiotics
chloramphenicol, cycloheximide, nalidixic acid, penicillin,
streptomycin and tetracycline.

Table 2 shows further that the four archaeal strains had
the potential for utilization of a wide scope of aliphatics
and aromatics as sole sources of carbon and energy. Short
and medium-chain r-alkanes with chain lengths up to C;g
supported the growth of the four isolates, longer n-alkanes
supported the growth of Haloferax only, but not of Halo-
bacterium and Halococcus. The mononuclear aromatics
benzene, toluene and p-hydroxybenzoic acid supported the
growth of Halobacterium and Haloccoccus. The growth of

14 ; ;
E 12 ¢ i_ _ i
: 1 ; ; §.--*I,+ | l? ;1}4
ul : L/ AN
% ¥ t 11 lT | ;’g
Y i} ' i |

02 e

—
o
=
—t

0 2 40 2 40 2 40 2 4
Sodium chloride concentration (M)

Fig. 1 Effect of medium salinity on growth of archaeal isolates for
3 weeks at 37°C in media containing either peptone (4 yeast extract)
or crude oil vapor as sole sources of carbon and energy. Closed circles
conventional medium, open circles oil medium. From left to right
Haloferax sp. HA-1, Haloferax sp. HA-2, Halobacterium sp. HA-3,
Halococcus sp. HA-4, respectively. Each reading was the mean of
three replicates, the standard deviation values were <5% of the mean
values

70

w
?
%}—1

2

i /NK

% Hydrocarbon biodegtradation
¢

X
T
' v
20-
XN
&
10+
{323 4 i23 4 234
Sodium chloride concentration (M)
Crude oil n-Octadecane Phenanthrene

Fig. 2 Effect of medium salinity on crude oil and hydrocarbon
biodegradation by archaea. Open circles Haloferax sp. HA-1, closed
circles Haloferax sp. HA-2, open triangles Halobacterium sp. HA-3,
closed triangles Halococcus sp. HA-4. Each reading was the mean of
three replicates, the standard deviation values were <5% of the mean
values. Incubation period, 3 weeks at 37°C

@ Springer



326

Extremophiles (2010) 14:321-328

the two Haloferax strains was supported by toluene and
one was supported by benzene, but both failed to grow on
p-hydroxybenzoic acid. Differences between different
strains of the same taxon are quite common among pro-
karyotes. In this context, Cuadros-Orellana et al. (2006)
suggested that the ability to degrade p-hydroxybenzoic acid
is a widespread feature among Halobacteriaceae.

Figure 1 confirms that the growth of the four studied
archaea in media containing either peptone and amino acids or
crude oil as sole sources of carbon and energy was enhanced
by increasing the NaCl concentration in the medium. Both
strains of Haloferax grew best at NaCl concentration of
4.5 M, Halobacterium at 4 M and Halococcus at 3.5-4 M.
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Fig. 3 Typical GLC profiles of residual crude oil hydrocarbons in
media that had supported archaeal isolates for 3 weeks at 37°C.
Profiles from the fop downward: A control (autoclaved culture)
nonbiodegraded hydrocarbons, medium; B medium with 1 M NaCl
that supported Haloferax sp. HA-1; C medium with 3 M NaCl
that supported Haloferax sp. HA-2; D medium with 3 M NaCl that
supported Halobacterium sp. HA-3; E medium with 3 M NaCl that
supported Halococcus sp. HA-4
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These optima were similar irrespective of whether the car-
bon source was organic nitrogenous compounds or oil vapor.
It is however obvious in Fig. 1 that the growth of the four
archaea was better with nitrogenous compounds than with
hydrocarbons as substrates, at NaCl concentrations >2 M.
The weaker growth on hydrocarbons might have been due to
that the isolates required specific growth factors (e.g., amino
acids and vitamins) which we avoided to add, or else they
might have interfered with the hydrocarbons as sole carbon
and energy sources.

The results in Fig. 2 indicate that the tested archaea
biodegraded crude oil, pure n-octadecane and pure phen-
anthrene in culture. The biodegradation rates increased
with increasing NaCl concentration in the medium. How-
ever, the optimum NaCl concentration of 3 M for hydro-
carbon biodegradation, with the only exceptions of 2 M for
the two Haloferax strains on n-octadecane as substrate, was
considerably lower than the optimum NaCl concentration
for growth, 3.5-4.5 M. A probable explanation for the
better hydrocarbon biodegradation at lower salinity may be
related to the oxygen availability. It is known that oxygen
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Fig. 4 Typical GLC profiles of residual pure hydrocarbons in saline
media that had supported archaeal isolates for 3 weeks at 37°C.
a n-octadecane, b phenanthrene. Profiles from left to right: A control
(autoclaved cultures) nondegraded hydrocarbons medium, B medium
with 1 M NaCl that supported Haloferax sp. HA-1, C medium with
3 M NaCl that supported Haloferax sp. HA-2, D medium with 3 M
NaCl that supported Halobacterium sp. HA-3, E medium with 3 M
NaCl that supported Halococcus sp. HA-4
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solubility in water decreases with increasing salinity
(Whitehouse 1984). Our measurements showed that raising
the medium salinity from 1 to 4 M NaCl was associated
with a decrease of the dissolved oxygen content from 5.3 to
2.2 mg 1~' medium. Molecular oxygen is involved in the
initial step of attack by the microorganisms on hydrocar-
bons using the hydroxylase (oxygenase) systems (Cerniglia
1984; Von Wedal et al. 1988). With all the tested strains on
all the tested hydrocarbons the biodegradation rates in the
presence of 4 M NaCl were obviously higher than in the
presence of 1 and even 2 M NaCl. This result confirms and
consolidates the halophilic nature of these archaea, not
only as far as growth rates are concerned, but also
regarding the hydrocarbon biodegradation rates.

The typical GLC profiles of oil fractions (Fig. 3) and
pure hydrocarbons (Fig. 4) recovered from control (auto-
claved) and experimental cultures reveal that the four
archaeal strains biodegraded the lower molecular weight
hydrocarbons (with peaks closer to the gas peak) more
efficiently than the higher molecular weight hydrocarbons
as well as the pure aliphatic and aromatic hydrocarbons.
The hydrocarbon decrease could have not been by vola-
tilization, because the culture tubes were perfectly sealed,
as obvious from the comparatively larger profiles of the
autoclaved controls. This result coordinates with that in
Table 1 indicating that the four archaea could all grow on
lower molecular weight alkanes (Cg—C;g), but varied in
their potential for utilizing high molecular weight com-
pounds as sole sources of carbon and energy.

In conclusion, the extreme halophilic archaea Haloferax,
Halobacterium and Halococcus from a hypersaline coastal
area of the Arabian Gulf could utilize (as sole carbon and
energy sources) and biodegraded (as indicated by the
quantitative GLC-analysis) both aliphatic and aromatic
hydrocarbons in the presence of up to 4.5 M NaCl or
higher. The individual strains could utilize a wide range of
individual n-alkanes with different chain lengths and
mono- and polynuclear hydrocarbons as sole sources of
carbon and energy. These strains grew optimally at rather
elevated temperatures, 40-45°C. Such properties make
these extreme halophilic procaryotes suitable biological
materials for self-cleaning and bioremediation of oil-pol-
luted hypersaline environments, especially in hot regions.
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