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TAXONOMY OF A NOVEL EXTREMELY HALOPHILIC ARCHAEON BELONGING
TO GENUSHALOARCULA ISOLATED FROM A LOW SALINE ENVIRONMENT,
TECHIRGHIOL LAKE, ROMANIA
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Abstract. This paper deals with the polyphasic taxonomy of an extremely halophilic strain, T1/2S95 isolated from Techirghiol Lake,
Romania, a low saline environment. The strain T1/2S95 was yellow to orange pigmented, stained Gram-negative, and was able to
hydrolyse Tween80, growing between 1 and 5.2 M sodium chloride. The membrane polar lipids were PGS, PGP-Me, PG, and two
glycolipids, DGD-1 and S-DGD-1. Genomic DNA G+C content was 65.1 mol%. According to the analysis of 16S rRNA gene
sequence (AB469844) in BLAST, the strain showed the highest degree of similarity with Haloarcula japonica, a haloarchaeon in the
family Halobacteriaceae. The strain has been deposited to Japan Collection of Microoganisms (RIKEN, BioResource Center) as
JCM 19933. The strain could be considered to represent a novel species of the genus Haloarcula.
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Rezumat. Taxonomia unui arheon halofil apartinand genului Haloarcula, izolat din Lacul Techirghiol, Roméania.
Lucrarea abordeazi caracterizarea taxonomica polifazica a unui haloarheon, respectiv tulpina T1/2S95 izolata din Lacul Techirghiol,
Roménia, un mediu caracterizat printr-o salinitate scazuta. In baza comparatiilor in baza de date BLAST, tulpina arata un grad mare
de Tnrudire cu Haloarcula japonica. Secventa genica aferenta 16S ARNr provenind de la tulpina haloarheana investigata a fost
depozitata la banca de gene DDBJ avand numarul de acces AB469844 iar exemplarul de tulpina tip s-a depozitat la Colectia de
Microorganisme a Japoniei (RIKEN, Centrul de Bioresurse) unde are numarul de acces JCM 19933. Rezultatele obtinute Tn cadrul
acestui studiu conduc citre concluzia ca tulpina T1/2S95, Gram-negativa, pigmentata, capabila sa hidrolizeze Tween80 si sa creasca
pe medii de cultura continand clorura de sodiu de la 1M pana la 5.2M, avand profilul lipidic membranar alcatuit din PGS, PGP-Me,
PG, DGD-1 si SSDGD-1, precum si un continut Tn baze azotate G+C al ADN de 65.1 mol%, izolata din Lacul Techirghiol, Romania,
poate fi considerata ca specie noua pentru stiinta apartinand genului Haloarcula.

Cuvinte cheie: arhee halofile, lacuri sarate, medii hipersaline, Lacul Techirghiol.

INTRODUCTION

Haophilic microorganisms belonging to the Archaea domain are spread in al investigated saline and
hypersaline environments distributed in the entire world such as salt waters, saline soils, salt lakes, salterns and salt
mines (OREN, 2013). Physiological and biochemical investigations revealed that such kind of microorganisms cope
with the high ionic strength of the salty environments by either compatible solutes or sdt-in strategies (OREN, 1999).
The particular features of the halophilic microorganisms made them model for investigations in astrobiology
(DasSARMA, 2006), taking into account that some halophiles were identified in a primary salt crystal brine dated
around 250 million years old (VREELAND et al., 2000) and sodium chloride (salt) has been detected in Martian origin
meteorites (GOODING, 1992). The abundance of microorganisms either bacteria or archaea in saline environments
with low pH or high pH values (MINEGISHI, 2013), revealed by increasing numbers of publications in recent years,
supported the high interest in the characterization and description of novel microbial strains inhabiting niches
considered hostiles to normal live conditions.

In Romania, alot of salty areas could be found as salt lakes, salt mines or saline soils harbouring halophilic
archaea able to hydrolyse several polysaccharides or proteins (NEAGU et al., 2014). Among the saline and hypersaline
environments in Romania, Techirghiol Lake located near the Black Sea coast is characterized by variable
concentrations of salt depending on site, ranging from negligible salinity up to 60 g/L (AONOFRIESEI, 2007).

Techirghiol lake is relatively well known in terms of biological communities, biodiversity and of salinity
regime, being quite well investigated for many years either from relatively high importance of therapeutic properties of
the medicinal (sapropelic) mud present in the lake (TUCULESCU, 1965) or towards understanding of the dynamics of
putative moderately halophilic microbial community (DUMITRU et d., 1996). The unique biodiversity of this area led
to conclusions to include Techirghiol Lake in the European network Natura2000 in order to guarantee the protection
and support for conservation status of the area (I0JA et al., 2010). The intensive use of medicinal mud extracted from
this lake for the treatment of several diseases, mainly in rheumatology (DEMIRGIAN et al., 2012; IONESCU et dl.,
2012; PROFIR et d., 2012; SURDU et al., 2012) supported the significance and importance of the investigationsin the
area to characterize archaeal and bacterial populations. Previous investigations revealed that Techirghiol Lake harbour
either moderately halophilic bacteria able to decontaminate some pesticides (ONCESCU et al., 2007) or some
extremely halophilic archaea (ENACHE et a., 2009).

This paper deals with the polyphasic taxonomy of a haloarchaeal strain, T1/2S95 isolated from Techirghiol
Lake. According to the analysis of 16S rRNA gene sequence in BLAST, the strain showed a high degree of similarity
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with Haloarcula japonica. Torreblanca et a. described the genus Haloarcula in 1986, with Haloarcula vallismortis as
the type species. From that time many new species were described, namely Har. amylolytica (YANG et al., 2007), Har.
argentinensis (IHARA et al., 1997), Har. hispanica (JUEZ et al., 1986), Har. japonica (TAKASHINA et a., 1990;
1991), Har. marismortui (OREN et a., 1990), Har. salaria (NAMWONG et d., 2011), Har. tradensis (NAMWONG et
al., 2011), Har. vallismortis (GONZALEZ et al., 1979; TORREBLANCA et a., 1986), Har. quadrata (OREN et 4.,
1999). The 16S rDNA sequence of the investigated strain has been deposited in DDBJ with accession number
AB469844 and the type strain has been deposited in the Japan Collection of Microorganisms (RIKEN, BioResource
Center) having access number JCM 19933.

MATERIALSAND METHODS

The strain T1/2S95 has been isolated from a water sample from Techirghiol Lake in a medium containing per
litre 125 g NaCl, 160 g MgCl,*6H,0, 5 g K,SO,, 0.1 g CaCl*2H,0, 1 g peptone, 2 g soluble starch, and 1 g yeast
extract. The pH of the medium was 7.0 — 7.2 before autoclaving. Further experiments for the characterization of the
isolate were performed using the strain cultivated on JCM medium no. 168 which contained per litre: Bacto casamino
acids 5 g, Bacto yeast extract 5 g, sodium glutamate 1 g, trisodium citrate 3 g, MgSO4+7H,0 29.5 g, KCI 2 g, NaCl
175.5 g, FeCl,*4H,0 0.036 g and MnCl,*4H,0 0.36 mg. The medium pH was also 7.0-7.2 before autoclaving. When
necessary, the media were solidified by adding 20 g/l agar. Generally, the strain was cultivated at 32°C — 37°C, in the
absence of light, with moderate agitation at 250 rpm, in 100 ml culture volume containing 10 ml inoculum and 90 ml
culture medium.

The characterization of the strain T1/2S95 followed the proposed minimal standards in order to describe a new
haloarchaeal strain in the order Halobacteriales (OREN et a., 1997). The classification of the strain T1/2S95 to the
archaea has been evaluated in the above-described media containing 0.25 g/l taurocholic acid sodium salt or 20 mg/I
chloramphenicol, taking into account that haloarchaea cells lyse or do not grow in the presence of hile acids
(KAMEKURA et d., 1998; KAMEKURA & SENO, 1991). The membrane lipids extraction and identification were
performed using thin layer chromatography method (KAMEKURA, 1993). Haloarchaeal cells obtained from 100 ml
cultures were mixed with distilled water and chloroform/methanol (1/2 v/v). The resulted mixture were centrifuged at
10 000 rpm and the supernatant was separated. The supernatant was treated with a mixture of chloroform/methanol. The
lower chloroform phase resulted in separator funnel was isolated, dried and dissolved in the chloroform-methanol
solvent mixture. The evaluation for halocin production (bacteriocin produced by halophilic archaea) was performed
according to the procedure described by Meseguer and Rodriguez-Valera (1985). Two ml of culture tested as halocin
target were mixed with 20 ml molten agar medium. After the solidification of this medium, 100 ul of culture tested as
halocin producer were deposited into wells and incubated at 37°C for 7-10 days. In the presence of a clear inhibition
zone surrounding the well, the activity was recorded positive. The other biochemical tests were performed following the
previously described protocols (ENACHE et a., 2007).

Genomic DNA of the strain T1/2S95 was isolated and purified following the method of Tamaoka (1994)
adapted for halophilic archaea and the G+C content was determined by the HPLC method. The 16S rRNA genes were
amplified by PCR, using the archaeal specific forward and reverse primers, 5'-TCCGGTTGATCCTGCCG (position 8
— 24 in E. coli) and 5-GGAGGTGATCCAGCCG (position 1540 — 1525), respectively. The resulted DNA fragment
was sequenced using BigDye Terminator Cycle Sequencing Kit (Pharmacia Biotech) and ABI Prism DNA genetic
analyzer (Applied Biosystems). The orthologous 16S rRNA gene (MINEGISHI et al., 2012) was amplified with the
pyrD primer set2: forward primer pyrD2, 5 -TCGTTGTTNARNCCCATNCGGTT-3' (corresponding to nt 346-368 of
pyrD of Haloarcula marismortui); reverse primer 23SRev, 5'-GCTTWTCGCAGCTTGG-3' (corresponding to nt 56—
71 of the 23S rRNA gene of Halobacterium salinarum). The 16S rRNA gene sequences obtained was analysed using
BLAST and aigned with other reported haloarchaeal 16S rRNA gene sequences using CLUSTAL W 1.7 software. A
phylogenetic tree was reconstructed by the neighbour-joining method (SAITOU & NEI, 1987).

RESULTSAND DISCUSSION

The strain T1/2S95 investigated in this work has been isolated from Techirghiol Lake, a saline lake having
sodium chloride content around 60 g/l, located nearby the Black Sea coast, in Constanta county, Romania, in the
proximity of Eforie city. The Gram-negative strain lysed in distilled water and was not able to grow on media
supplemented with bile salts thus being assumed as haloarchaeal strain. On the solid medium colonies were elevated,
circular and having whole margins and transparent. When cultivated on liquid JCM 168 medium containing various
concentrations of sodium chloride (absence of sodium chloride to saturation) for 48 hours, the strain showed no
pigmentation, but after 72 hours the pigmentation became weak orange in culture media with 4 — 5.2 M NaCl and
yellow in media having 1 —4 M NaCl (Fig. 1b). The strain was unable to grow bellow 1 M NaCl and grew optimally at
2.0-2.5 M. The strain was not able to synthetize halocins but its growth was inhibited by a halocin produced by other
haloarchaeal strain, GR1 isolated from Bride Cave, a man-made salt lake located in Slanic Prahova and assigned to
Haloferax genus as previoudy described (ENACHE et a., 2008). The biochemical investigations revealed that the
strain was catalase and oxidase positive, sulphide was produced from sodium thiosulphate but indole was not produced
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from tryptone. The strain hydrolyzed Tween80 but was negative for starch and casein hydrolysis. Gelatin liquefactions
were also negative (Table 1).

The sequence of 16S rRNA gene of the strain T1/2S95, amplified with the archaeal specific forward and
reverse primers, was most closely related to those of the strains of the genus Hal oarcula.

The chemotaxonomic features, namely lipid profile and DNA G+C content complied with the aready
characterized members of the genus Haloarcula. The genomic DNA G+C content for the strain T1/2S95 was 65.1
mol% whereas members of the genus Haloarcula showed values from 60.1 mol% in Har. quadrata to 64.7 mol% in
Har. vallismortis. Membrane lipid investigation by TLC revealed the presence of C,,Cy glycerol diether derivatives of
phosphatidyl glycerol sulphate (PGS), methyl ester of phosphatidyl glycerol phosphate (PGP-Me) and phosphatidyl
glycerol (PG) as phospholipids (Fig. 1a). The data shown in Fig. 1larelated to glycolipid analysis revealed the presence
of diglycosyl archaeol-1 and their sulfated derivative (DGD-1 and S-DGD-1).

Table 1. Characteristics features of the members of Haloarcula genus.

1 = Formation of sulphide from sodium thiosulphate; 2 = catalase; 3 = oxidase; 4 = indole from tryptone; 5 = starch hydrolysis; 6 =
Tween80 hydrolysis; 7 = Gelatin liquefactions; 8 = casein hydrolysis; 9 = range of NaCl for growth (M); 10 = optimum NaCl for
growth (M); 11 = isolation site; 12 = origin of isolation site; 13 = DNA G+C content (mol%)

1 2 3 4 5 6 7 8 9 10 11 12 13
amylolytica + + + + + + + |- 20-51 | 31 Sdtlake | N 62.4
argentinensis nd + + nd + + + | nd 20-45 | 25- Soil of A 62
3.0 saltern
hispanica nd nd nd +/- + + + | +- 25-52 | 35- | Sdtern A 62.7
4.2
japonica + nd nd + - - - |- 25-50 | 35 Salted N 63.3%
soil
marismortui nd nd nd - -* - - nd 17-51 | 34- Dead N 62
3.9 Sea
quadrata nd + + - +H* B - - 27-43 | nd Salted N 60.1
pool
salaria nd + + - + + - - 25-51 | 34- Sdtfrom | N 61.6
42 fish
sauce
tradensis nd + + - + + - - 25-51 | 34- Sdtfrom | N 62.2
42 fish
sauce
vallismortis nd nd nd + AR - - - <=25 4.3 Salted N 64.7
pool
T1/2S95 + + + - - + - - 10-52 | 20- Saline N 65.1
2.5 lake

Legend:

*=weak positivein Bergey's Manual

**= negative in paper of Namwong et a., 2011; positivein Bergey’'s Manual and paper of Yang et a., 2007
***= positive in paper of Namwong et a., 2011; negative in Bergey’s Manual and paper of Yang et al., 2007
****= negative in paper of Yang et al., 2007

& = value corresponding to strain TR-1" (D28872)

+/- = variable results

nd = no data available

N = natural environment; A = man-made environment

The data summarized in Table 1 suggested that the members of Haloarcula genus have been isolated from
natural saline and hypersaline environments except two members isolated from man-made hypersaline environments,
namely saltern (Har. hispanica) and soil from saltern (Har. argentinensis).

Since Haloarcula spp. possess multiple, heterogeneous 16S rRNA genes, the pyrD primer set was used to
amplify the DNA fragment encompassing the orthologous 16S rRNA & tRNA-Ala with pyrD and 23S rRNA genes.
According to the data of MINEGISHI et al. (2012) related to gene orders in the upstream of 16S rRNA genes (one or
two in species of some genera, and three in Haloarcula spp.), orthologous 16S rRNA gene is preceded by a gene coding
for dihydroorotate dehydrogenase, an enzyme involved in enzymatic synthesis process of nucleic acid base pyrimidine.
Sequence of the orthologous 16S rRNA gene of the strain T1/2S95 showed high similarities with those of Haloarcula
spp. Thus, the phylogenetic tree (Fig. 2) was reconstructed based on sequences of orthologous 16S rRNA gene.
Sequence used as out-group was adopted from KEGG (Kyoto Encyclopedia of Genes and Genomes).
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(@ (b)

Figure 1. (a) Phospholipid (left) and glycolipid (right) pattern of the strains T1/2S95 revealing the presence of PGS, PGP-Me, PG and
DGD-1 and their sulphate derivate; starting from left of either pattern the lane 1 = strain GR3, lane 2 = strain T1/2S95, lane 3 = strain
21, lane 4 = strain BV 2 and the lane 5 = Hal oferax volcanii; (b) growth and pigmentation of the strain T1/2S95
in the presence of various NaCl concentrations from nil up to saturation (from left to right) (original).
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Figure 2. Phylogenetic tree revealing the position of strain T1/2S95 amongst the members of the genus Haloarcula.
The tree was reconstructed by the neighbour-joining method. Bootstrap values over 400 are represented.
Bar representing one substitution per 100 nuclectide position.

The strain T1/2S95 formed a clade together with Har. japonica, Har. salaria, Har. tradensis and Har.
argentinensis. The maximum parsimony supported the group (strain T1/2S95 and Har. japonica) well, with a bootstrap
value of 42%. The clade is aso well supported by a value of probability over 30%. Another clade in Fig. 2 constituted
of remaining five species, Har. hispanica, Har. californiae, Har. sinaiiensis, Har. marismortui and Har. amylolytica,
and grouping of this clade with Har. vallismortis is supported very well by a probability of 100%. When compared in
BLAST, the similarities of strain T1/2S95 with strains of genus Haloarcula forming the clade together were 99%, and
98% with remaining five species and Har. vallismortis.

As a general conclusion, it should be noted that pigmented Gram-negative strain T1/2S95 isolated from
Techirghiol Lake in Romania, growing between 1 and 5.2 M sodium chloride concentrations, able to hydrolyze
Tween80, with lipid profile constituted of PGS, PGP-Me, PG, DGD-1 and S-DGD-1, and with genomic DNA G+C
content of 65.1mol%, could be considered as a hovel species of the genus Haloarcula.

195



Muzeul Olteniei Craiova. Oltenia. Sudii si comunicari. Stiingele Naturii. Tom. 30, No. 1/2014 ISSN 1454-6914

REFERENCES

AONOFRIESEI F. 2007. Abundance and activity of heterotrophic bacterial community in the water column and
sediments of Techighiol Lake. Proceedings Romanian Academy. Series B. Bucharest. 1: 3-10.

DASSARMA S. 2006. Extreme halophiles are models for astrobiology. Microbe. Elsevier. Stuttgart. 1: 120-126.

DEMIRGIAN S, SURDU O., MARIN V., PROFIR D. 2012. Improvement of clinical features in CRPS after mud
therapy. In: Medica Hydrology and Balneology: Environmental Aspects. Francisco Maraver & Mifit
Karagiille (Eds.) Balnea, 6. Publicaciones Universidad Complutense de Madrid: 145-146.

DUMITRU L., FAGHI A. M., ZARNEA G. 1996. Distributia cantitativa a unor microorganisme moderat halofile, in apa
si sedimentele Lacului Techirghiol. Sudii. Cercetari de Biologie, Biologie Vegetala. Bucuresti. 48: 155-159.

ENACHE M., ITOH T., KAMEKURA M., TEODOSIU G., DUMITRU L. 2007. Haloferax prahovense sp. nov., an
extremely halophilic archaeon isolated from a Romanian salt lake. International Journal of Systematic and
Evolutionary Microbiology. Bucharest. 57: 393-397.

ENACHE M., ITOH T., KAMEKURA M., POPESCU G., DUMITRU L. 2008. Halophilic archaea isolated from man-
made young (200 years) salt lakes in Slanic Prahova, Romania. Central European Journal of Biology.
Bucharest. 3: 388-395.

ENACHE M., POPESCU G., DUMITRU L., KAMEKURA M. 2009. The effect of Na'/Mg*" ratio on the amylase
activity of haloarchaea isolated from Techirghiol lake, Romania, a low salt environment. Proceedings
Romanian Academy. Series B. Bucharest. 1: 3-7.

GRANT W. D., KAMEKURA M., McGENITY T. J, VENTOSA A. 2001. The order Haobacteriales. In: Bergey’s Manua
of Systematic Bacteriology. 2™ edn. D. R. Boone & R. W. Castenholz (Eds.). Soringer. New York. 1: 294-334.

GOODING J. L. 1992. Soil mineralogy and chemistry on Mars: possible clues from salts and clays in SNC meteorites.
Icarus. Springer. London. 99: 28-41.

IHARA K., WATANABE S., TAMURA T. 1997. Haloarcula argentinensis sp. nov. and Haloarcula mukohataei sp.
nov., two new extremely halophilic archaea collected in Argentina. International Journal of Systematic and
Evolutionary Microbiology. Elsevier. Stuttgard. 47: 73-77.

IOJA C. I., PATROESCU M., ROZYLOWICZ L., POPESCU V. D., VERGHELET M., ZOTTA M. I., FELCIUC M.
2010. The efficacy of Romania’'s protected areas network in conserving biodiversity. Biological Conservation.
Springer. New Y ork. 143: 2468-2476.

IONESCU E. V., PROFIR D., SURDU O., MARIN V., DEMIRGIAN S. 2012. Techirghiol balned and rehabilitation
sanatorium - analysis of epidemiological data. In: Medical Hydrology and Balneology: Environmenta Aspects.
Francisco Maraver & Mfit Karagiille (Eds.). Publicaciones Universidad Complutense de Madrid. 6: 143-144.

KAMEKURA M., OESTERHELT D., WALLACE R., ANDERSON P., KUSHNER D. J. 1988. Lysis of halobacteria
in bacto-peptone by bile acids. Applied Environmental Microbiology. American Society for Microbiology.
New York. 54: 990-995.

KAMEKURA M. & SENO Y. 1991. Lysis of halobacteria with bile acids and proteolytic enzyme of halophilic
archaeobacteria. In: Rodriguez-Valera F. (Ed.). General and applied aspects of halophilic microorganisms.
Plenum Press. New Y ork: 359-365.

KAMEKURA M. 1993. Lipids of extreme halophiles. In Vreeland R. H., Hochstein L. |. (eds.). The Biology of
Halophilic Bacteria. Boca Raton: CRC Press. New Y ork: 135-161.

JUEZ G., RODRIGUEZ-VALERA F., VENTOSA A., KUSHNER D. J. 1986. Haloarcula hispanica spec. nov. and
Haloferax gibbonsii spec. nov., two new species of extremely halophilic archaebacteria. Systematic and
Applied Microbioology. New York . 8: 75-79.

MESEGUER I. & RODRIGUEZ-VALERA F. 1985. Production and purification of halocin H4. FEMS Microbiology
Letter. 28: 177-182.

MINEGISHI H., KAMEKURA M., KITAJMA-IHARA T., NAKASONE K., ECHIGO A., SHIMANE Y., USAMI R,
ITOH T., IHARA K. 2012. Gene orders in the upstream of 16S rRNA genes divide genera of the family
Hal obacteriaceae into two groups. International Journal of Systematicn and Evolutionary Microbiology. New
York. 62; 188-195.

MINEGISHI H. 2013. Halophilic, acidophilic, and haloacidophilic prokaryotes. In: Seckbach J., Oren A., Stan-Lotter
H. (Eds.), Polyextremophiles, Life under multiple forms of stress. Soringer. Dordrecht Heidelberg New Y ork
London: 201-213.

NAMWONG S., TANASUPAWAT S., KUDO T., ITOH T. 2011. Haloarcula salaria sp. hov. and Haloarcula tradensis
sp. nov., isolated from salt in Tha fish sauce. International Journal of Systematicn and Evolutionary
Microbiology. New Y ork. 61: 231-236.

NEAGU S., ENACHE M., COJOC R. 2014. Extracellular hydrolytic activities of halophilic microorganisms isolated
from Balta Alba salt lake. Romanian Biotechnology Letter. Bucharest. 19: 8951-8958.

ONCESCU T., OANCEA P., ENACHE M., POPESCU G., DUMITRU L., KAMEKURA M. 2007. Halophilic bacteria
are able to decontaminate dichlorvos, a pesticide, from saline environments. Central European Journal of
Biology. Bucharest. 2: 563-573.

196



ENACHE Madilin  COJOC Roxana ECHIGO Akinobu MINEGISHI Hiroaki ITOH Takashi KAMEKURA Masahiro

OREN A., GINZBURG M., GINZBURG B .Z., HOCHSTEIN L. I., VOLCANI B. E. 1990. Haloarcula marismortui
(Volcani) sp. nov., nom. rev., an extremely halophilic bacterium from the Dead Sea. International Journal of
Systemic Bacteriology. London. 40: 209-210.

OREN A., VENTOSA A., GRANT W. D. 1997. Proposed minimal standards for description of new taxa in the order
Halobacteriales. International Journal of Systemic Bacteriology. London. 47: 233-238.

OREN A., VENTOSA A., GUTIERREZ M. C., KAMEKURA M. 1999. Haloarcula quadrata sp. nov., a square, motile
archaeon isolated from a brine pool in Sinai (Egypt). International Journal of Systemic Bacteriology. London.
49: 1149-1155.

OREN A. 2013. Two centuries of microbiological research in the Wadi Natrun, Egypt: a model system for the study of
the ecology, physiology, and taxonomy of haloalkaliphilic microorganisms. In: Seckbach J.,, Oren A., Stan-
Lotter H. (Eds.), Polyextremophiles, Life under multiple forms of stress. Soringer. Dordrecht, Heidelberg, New
Y ork, London: 103-119.

PROFIR D., MARIN V., SURDU O., DEMIRGIAN S., IONESCU E. V. 2012. Techirghiol balneal and rehabilitation
sanatorium - statistical analysis of pathology types on admitted patients. In: Medica Hydrology and
Balneology: Environmental Aspects. Francisco Maraver & Mifit Karagille (Eds.) Balnea, 6. Publicaciones
Universidad Complutense de Madrid: 141-142.

SAITOU N. & NEI M. 1987. The neighbour-joining method: a new method for reconstructing phylogenetic trees.
Molecular Biology and Evolution. Oxford. 4: 406-425.

SURDU O., RUSU V., MARIN V., SURDU T. V., IONESCU E. V., PROFIR D., DEMIRGIAN S. 2012. Current State
of Balneotherapy/Thermalisme in Romania: Main actors, reglementation and problems to solve. In: Medical
Hydrology and Balneology: Environmental Aspects. Francisco Maraver & MiUfit Karagllle (Eds.) Balnea.
Publicaciones Universidad Complutense de Madrid. 6: 57.

TAKASHINA T., HAMAMOTO T., OTOZAI K., GRANT W.D., HORIKOSHI K. 1990. Haloarcula japonica sp. nov., a
new triangular hal ophilic archaebacterium. Systematic and Applied Microbioology. New Y ork. 13: 177-181.

TAMAOKA J. 1994. Determination of DNA base composition. In: Chemical Methods in Prokaryotic Systematics. M.
Goodfellow & A. G. O'Donnell (Eds.). Chichester. Wiley: 463-470.

TORREBLANCA M., RODRIGUEZ-VALERA F., JUEZ G., VENTOSA A., KAMEKURA M., KATES M. 1986.
Classification of non-alkaliphilic halobacteria based on numerical taxonomy and polar lipid composition, and
description of Haloarcula gen. nov. and Haloferax gen. nov. Systematic and Applied Microbioology. New
York. 8: 89-99.

TUCULESCU 1. 1965. Biodinamica Lacului Techirghiol. Biocenozele si geneza namolului. Edit. Academiel Romane.
Bucuresti. 525 pp.

VREELAND R. H., ROSENZWEIG W. D., POWERS D.W. 2000. Isolation of a 250 million-year-old halotolerant
bacterium from a primary salt crystal. Nature. London. 407: 897—900.

YANG Y., CUI H. L., ZHOU P. J,, LIU S. J. 2007. Haloarcula amylolytica sp. nov., an extremely halophilic archaeon
isolated from Aibi salt lake in Xin-Jiang, China. International Journal of Systematicn and Evolutionary
Microbiology. New Y ork. 57: 103-106.

Enache M adalin, Cojoc Roxana
Institute of Biology Bucharest of the Romanian Academy
Splaiul Independentei 296, P.O. Box 56-53, Bucharest, Romania.
E-mail: madalin.enache@ibiol.ro; roxana.cojoc@ibiol.ro

Echigo Akinobu, Minegishi Hir oaki
BioNano Electronic Research Center, Toyo University
2100 Kujiral, Kawagoe,Saitama 350-8585, Japan.
E-mail: minehiro@toyo.jp; echigo@toyo.jp

Itoh Takashi
Japan Collection of Microorganisms, RIKEN BioResource Center
3-1-1 Koyadai, Tsukuba, Ibaraki 305-0074, Japan.
E-mail: ito@jcm.riken.go.jp

Kamekura Masahiro
Halophiles Research Ingtitute
Noda 278-0043, Japan
E-mail: masahirokamekura@krc.biglobe.ne.jp

Received: March 28, 2014
Accepted: May 15, 2014

197




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


