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Abstract A study was undertaken to investigate the
presence of archaeal diversity in saltpan sediments of Goa,
India by 16S rDNA-dependent molecular phylogeny. Small
subunit rRNA (16S rDNA) from saltpan sediment
metagenome were amplified by polymerase chain reaction
(PCR) using primers specific to the domain archaea. 10
unique phylotypes were obtained by PCR based RFLP of
16S rRNA genes using endonuclease Msp 1, which was
most suitable to score the genetic diversity. These phylo-
types spanned a wide range within the domain archaea
including both crenarchaeota and euryarcheaota. None of
the retrieved crenarchaeota sequences could be grouped
with previously cultured crenarchaeota however; two
sequences were related with haloarchaea. Most of the
sequences determined were closely related to the sequences
that had been previously obtained from metagenome of a
variety of marine environments. The phylogenetic study of
a site investigated for the first time revealed the presence of
low archaeal population but showed yet unclassified spe-
cies, may specially adapted to the salt pan sediment of Goa.
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Introduction

Saltpans and salt lakes have been reported to harbor high
number of taxonomically diverse halophilic microorgan-
ism, which differ in salt requirement and metabolic capa-
bilities. Their inhabitants make these unique ecosystems
fascinating to study. Very little is known about the pro-
cesses occurring in the saltpans and their importance to
adjacent ecosystems. Saltpans are sites where different
ions, including metals, become concentrated and halophilic
bacteria evolve, suppressing the less halophilic and halo-
tolerant forms. There is hardly a hypersaline niche in nat-
ure that is not occupied by some Halophiles [1]. Cultured
microorganisms represent only a minor component in the
existing diversity of salt pan because of the difficulty in
culturing most of the microbial assemblage [2].

Among three major evolutionary domains of life on
earth, members of the Archaea domain are the least
understood in terms of their diversity, physiology, genetics,
and ecology. Archaea domain is divided into four phyla,
Euryarcheaota, Crenarchaeota, Korarchaeota, the presence
of which has been determined only by environmental DNA
sequences [3, 4] and the recently reported Nanoarchaeota
[5, 6].

The use of molecular methods to investigate unculti-
vated microbes from natural environments has revolution-
ized our views of microbial biodiversity and ecology in
recent years. Studies based on the extraction of total
community DNA from environmental samples followed by
polymerase chain reaction (PCR), cloning, and sequencing
of 16S rRNA genes have now become common place,
often comprising one of the first steps in studying the
microbiology of an environment of interest [7]. Recovery
and analysis of 16S rRNA genes directly from environ-
mental DNA provides a means of investigating microbial
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populations in any habitat, eliminating dependence on
isolation of pure cultures [8—12].

The saltpans of Goa are situated along the western coast
in the Arabian Sea, which constitute a part of the Indian
salt industry. Every year many tons of salt are produced
and distributed all over India [13]. This area is under the
influence of semidiurnal tides and the surrounding marshy
land supports rich mangrove vegetation. It takes approxi-
mately 20 days to clean up and prepare a salt pan. Each pan
is surrounded by ‘bandhs’ or mud borders on all four sides
to prevent siltation and helps regulate the flow of water
[14]. In Mumbai saltern, seawater from the Arabian Sea
enters the creek through a sluice gate at high tide and
during low tide; water from the creek is drained out into the
estuary. Although many investigations have been carried
out to study archaeal diversity in hypersaline environments
and many new lineages have been found [11, 15-23]. The
phylogenetic diversity of archaea in saltpans of Goa has not
yet been surveyed. Here, we report the results of phylo-
genetic analysis of cloned 16S ribosomal RNA genes.
These results may improve our knowledge of archaea in the
saltpans. The retrieved sequence information can then be
used to gain further information about the survey of
phylotypes from saltpans.

Materials and Methods
Sample Collection

Four subsurface sediment samples were collected from two
adjacent saltpans of Arpora, Goa. The sampling site is sit-
uated at latitude of 15.567 and longitude of 73.767. The
samples were collected from a depth of 2- to 10-cm. At each
site, 3 individual soil samples were taken from different
locations which were mixed to obtain a composite sample
for the site. The area of each site was 60 m x 60 m, and the
minimum distance between any of the 3 subsamples was
3 m. The sample was black in color having salinity of 15%
as determined by a refractometer. This area is under the
influence of semidiurnal tides. The samples were stored on
icebox to prevent direct sunlight until processed.

DNA Extraction

The DNA extraction process was done by UltraClean™
Soil DNA isolation Kit (Catalog. No. 12900-10, MoBio
laboratories Inc.) with slight modification. Genomic DNA
was extracted directly from 10 g each dry weight of soil.
The DNA was pooled from three samples and used for PCR
amplification of the archaeal 16S RNA gene. The con-
centration of dsDNA was determined spectrophotometri-
cally at 260 nm Lambda 35 (Perkin Elmer).

PCR Amplification of 16S rRNA

Genomic DNA purified from sediment was used as tem-
plate for PCR. Amplification of 16S rRNA genes was done
by PCR using a primer set specific to Archaea [24].
S-D-Arch-0344-a-S-20 (5-ACGGGGCGCCAGCAGGCG
CGA-3) and Univ-1517-a-A-21 (5-ACGGCTACCTTGT
TACGACTT-3) were the primers used, which yielded PCR
products of 1120 bp. Oligonucleotide primers were syn-
thesized by M/S Sigma-Aldrich. Amplification was carried
out in a 20 pl reaction mixture containing 1.5 mM MgCl,,
0.2 mM each dNTP’S, 10 pmol each primers, 10 ng DNA
template and 1 U Taq polymerase (Bangalore genei, India)
with reaction buffer supplied by the manufacturer. Hot-
start PCR was performed at 95°C prior to addition of DNA
Taq polymerase. PCR amplification was performed with a
Mastercycler gradient (Eppendorf). The cycling parameters
of 3 min denaturation at 94°C followed by 30 cycles of
94°C for 30 s, 60°C for 30 s and 72°C for 1 min were
employed. Positive control reaction contained 10 ng of
Halobacterium salinarium (MTCC 1626) however nega-
tive reaction contained no exogenous template and an
amplified product of the expected size (1.1 kb) was
observed. Amplified products from ten independent reac-
tions using total DNA from template were pooled and
purified using a PCR purification kit (MoBio). PCR prod-
ucts were examined by gel electrophoresis on 1% agarose
gel in 1x TAE buffer.

Cloning of Environmental PCR Product

Purified PCR products were ligated with pGEMT vector
(Promega, USA) following manufacturer’s instructions.
Ligation reaction was carried out overnight at 4°C. Ligated
mixture was cloned in E. coli JM110 by electroporation
(200 Q, 25 pF and 2.5 kV) using Micropulser (Bio-Rad.
USA). Transformants were obtained on ampicillin, X-Gal
(5-bromo-4 chloro 3-indolyl-f-D-galactopyranose) and
IPTG (isopropyl-beta-D-thio-galactoside) containing LB
agar plates. Positive clones were picked by blue/white
selection and checked for size of the right insert by PCR.
Plasmid DNA was isolated by miniprep kit (Applied Bio-
systems, USA).

RFLP Screening of rtDNA Clones

rDNA inserts from recombinant clones were reamplified by
PCR reactions. Primers specific to plasmid or rDNA
primers were used. The cycle parameters applied were the
same as for the initial amplification of the rDNA. Aliquots
(15 pl) of crude reamplified tDNA PCR products were
digested with 1 U each of the 4-base specific restriction
endonuclease Msp 1 (New England Bio labs, Bevery,
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Mass) in a final volume of 20 pl, for 3 h at 37°C. Digested
products were separated by agarose (2%) gel electropho-
resis. Banding pattern was visualized by staining with
ethidium bromide and subsequent UV illumination. RFLP
(Restriction fragment length polymorphism) pattern of
each library were grouped visually and representatives
were selected for sequencing.

Nucleotide Sequencing of Cloned SSU rRNA Genes

The nucleotide sequences of the cloned SSU rRNA genes
were determined using an automatic DNA Sequencer (310
Genetic Analyser; Applied Biosystems, Foster city, CA).
Plasmid DNA was purified with plasmid purification kits
(Qiagen inc; chatsworth, CA). The partial sequencing of
the 16S rRNA gene was performed making use of 6 pul Big
Dye Terminator ABI Prism (Version 3); 4 pmol M13/pUC
1211 forward initiator oligonucleotide (5-GTAAAAC
GACGGCCAGT-3'); 30 ng plasmid DNA, and mili-Q
(Millipore) H,O for a 20 pl volume. The reactions condi-
tions used were 24 cycles of 10 s. at 96°C, 55°C for 5 s,
60°C for 4 min.

Phylogenetic Analysis of Cloned SSU rRNA Gene
Sequences

The closest database-relatives of all sequences generated
were compared to 16S rRNA gene sequences available in
the National Centre for Biotechnology Information
(NCBI). MegAlign program of Lasergene version 5.0 was
used for Multiple sequence alignment. Phylogenetic tree
was constructed using Clustal W by version 1.80 (DNA-
STAR Inc., USA). A total of 27 sequences were involved
and aligned for Phylogenetic analysis including using
reported sequences available in NCBI database.

Nucleotide Sequence Accession Numbers

The sequences reported here have been deposited in the
Gene bank database under the accession numbers:
EU888601, EU888602, EU888603, EU888604, EU888605,
EU888606, EU888607, EU888608, EU888609 and
EU888610).

Results

The sediment samples from saltpan were analyzed for the
presence and diversity of archaea by molecular phyloge-
netic analysis. Small subunit (SSU) rRNA gene sequences
from archaea were selectively amplified by PCR and
cloned. Partial nucleotide sequence information was
obtained for ten clones. This information was used to
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determine the cloned inserts were indeed SSU rRNA gene
sequences and further to identify unique SSU rRNA gene
sequences within the SSU rDNA library. 60 clones
obtained from cloning were used for further analysis by
restriction fragment length polymorphism (RFLP) and
subsequent sequencing. Ten unique phylotypes were
obtained using restriction enzyme Mspl; a four-site cutter
endonuclease resulted in 3—-6 bands. Based on the RFLP
pattern, redundancy of inserts was checked and clones with
maximum variability in banding pattern were used for
sequencing (Fig. 1). Eight phylotypes were associated with
phylum crenarchaeota and two with phylum euryarcheaota
of domain archaea.

Evaluation by the CHECK_CHIMERA programme and
inspection of putative secondary structures in all cloned
SSU rDNA did not detect the presence of chimeric
sequences which have been reported to arise in PCR
amplified products using a mixed population of template
DNA [25-28].

DNA sequences obtained along with retrieved 16S
ribosomal sequences of selected archaeal clones were used
to generate phylogenetic tree. Phylogenetic analyses
revealed that majority of the clones of archaeal domain
were closely related to uncultured archaea. In an overview
of the tree, the archaeal rDNA sequences obtained were
mostly showing similarity to the reported rDNA sequences
from estuary sediments and alkaline soils. Phylogenetic
assemblages thus emerged, comprised a group of Cre-
narchaeota and euryarcheaota lineage (Fig. 2, Group 1-4).

8 clones in the archaeal 16SrDNA library were related to
crenarchaeota and two clones related to Euryarchaeota.
None of the retrieved sequences could be grouped with
previously cultured crenarchaeota, however only one clone
SPG-17 of phylum Eurarchaeota was related to cultivated
haloarchaea. Three sequences of Group-1 namely SPG-04,
SPG-27 and SPG-52 were related to the tropical sediments
of Mumbai, Goa and Brazil, whereas SPG-08, SPG-35 and
SPG-41 of the group-2 were showing affiliation with sed-
iments samples of salt marsh, tidal flat, sea floor and
mangrove soil. Two sequences SPG-17 and SPG-32
formed the Group-3 in which SPG-17 was affiliated with
Haloarcula, the haloarchaeon that grow at low salinities
and SPG-32 showing affiliation with uncultured haloar-
chaeon clone, isolated from alkaline saline soil of former
lake of Mexico. However the two sequences namely SPG-
21 and SPG-23 of Group-4 stably formed an independent
clade.

Discussion

Artificial solar salterns designed to harvest NaCl from
seawater are found worldwide and consist of a set of
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Fig. 1 Restriction Fragment Length Polymorphism (RFLP) pattern of archaeal 16S ribosomal RNA gene library using endonuclease Msp 1

shallow ponds connected by canals in which seawater is
gradually driven to ponds of greater salinities, ranging from
that of seawater to sodium chloride saturation and some-
times even beyond. Solar salt pans are well known as a
habitat for halophiles and an understanding of the micro-
bial isolates in such hypersaline environments is highly
desirable due to their potential applications [29].

The aim of this study was to describe the diversity of
archaea in saltpan sediments of Goa by 16S rDNA-
dependant molecular phylogeny. Sequence similarity ran-
ges of 84-96% were found in the 16S rDNA library. Our
results suggested that rDNA sequences linked to archaeal
microflora probably represent many novel groups of
archaea within the two main kingdoms of euryarcheaota and
crenarchaeota. Eight sequences were showing affiliation

with the phylum crenarchaeota isolated from saltpans,
tropical estuary, marine, salt marsh, tidal flat, subsea floor
sediments and mangrove soil [11, 30-32]. Metabolically,
Crenarchaeota are quite diverse, ranging from chemoorg-
anotrophs to chemolithoautotrophs. They are anaerobes,
facultative anaerobes or aerobes and many utilize sulfur in
some way for energy metabolism. Two clones in the library
resembled Haloarchaea, a member of the halophile com-
munity in which high salt concentration is required for the
growth of the microorganism. Clone SPG-32 showed
similarity with Haloarchaeon [33, 34] which require salt
concentrations in excess of 2 M (or about 10%) to grow
and optimal growth usually occurs at much higher con-
centrations, typically 20-25%. However, haloarchaea can
grow up to saturation (about 37% salts). Whereas, clone
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Fig. 2 Phylogenetic tree
showing the relationship among
archaeal 16S ribosomal RNA
gene sequences from salt pan
sediment of Goa with reference
sequences obtained through
BLAST analysis. The
phylogenetic tree includes 10
clone library sequences and 17
reference sequences. The
archaeal clones are shown by
clone name which is given in
bold type and gene Bank
sequence are shown by species
followed by a genBank
accession number
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SPG-32 showed significant alignment with the haloarcha-
eon that grow at low salinities. Most of the reported
haloarchaeal isolates have been found to be obligate
extreme halophiles requiring at least 9% (w/v) NaCl for
growth and are typically the dominant heterotrophic
organisms in salterns and soda lakes. However, haloar-
chaeal genotypes with lower requirements for salt (2.5%
w/v NaCl) have also been reported in coastal salt marsh
sediments [35] suggesting the wider ecological range of
these physiologically versatile prokaryotes. Halophilic
archaea have also been isolated from saltpans and conti-
nental shelf sediments of the west coast of India [2, 36]. It
has been suggested that microsites with sufficiently high
salt concentrations might be responsible for the growth of
halophilic archaea in saline soils [37].

Although quantitative estimates of relative numbers
were not carried out in this study, our results indicate that
these haloarchaea and crenarchaeotal lineages must be
major contributors to the archaeal population in salt pan
sediment. However, 10 clones studied may not give the
exhaustive diversity of this archaeal community. The
archaeal community retrieved from the salt pan sediment of
Goa suggests that at least some of the archaeal sequences
identified may be unique to this site. Future research con-
sidering even deeper soil and involving more sampling
may help to further explain the biodiversity of these
communities and characterize community structure as well
as describe the ecological role of Archaea in the saltpan.
Considering their abundance and broad distribution, it is
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likely that members of the Crenarchaeota phylum have
important ecological roles in biogeochemical cycles of
sulfur, carbon and other elements. Microorganisms in
marine sediments contribute significantly to global cycles
of organic and inorganic matters because of their abun-
dance [38]. The archaeal community retrieved from the
saltpan sediments of Goa suggests that at least some of the
archaeal sequences identified may be unique to this site and
their role in sulphur metabolism.
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