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INTRODUCTION 
 

Halophiles are microorganisms that exist exclusively in 
hypersaline environments where the NaCl concentration is 
greater than 3.5%, which is the salt concentration of 
seawater (Allred and Baxter 2013). In such conditions, 
water availability is limited by the high concentrations of 
salt; thus, hypersaline environments are considered to be 
extreme environments for microbial life (Bromfield et al. 
2011). Halophiles are unique in that they have adapted 
their cellular machinery in a manner that allows them to 
exist in these conditions, at the expense of requiring such 
conditions for growth and structural stability (DasSarma 
and DasSarma 2012). Different species are classified as 
slightly, moderately, or extremely halophilic depending on 
their individual requirements for NaCl concentration (Ma 
2010).  

There are two known strategies that halophiles 
employ to balance their cytoplasm osmotically in order 
prevent desiccation in hypersaline conditions: the more 
common of which is accomplished by retaining high 
concentrations of what are known as compatible solutes 

(Allred and Baxter 2013) within their cytoplasm in order 
to achieve an isoosmotic balance with the medium, thereby 
maintaining cell volume (DasSarma and DasSarma 2012). 
These compatible solutes include amino acids, sugars, 
polyols, betaines, and ectoines, which are either 
accumulated from the environment or synthesized by the 
organism itself (Ma 2010), and have no effect on the 
intracellular processes (DasSarma and DasSarma 2012). 
The alternate method for achieving isoosmotic balance 
involves an uptake of potassium chloride equal to the 
concentration of NaCl in the surrounding medium, though 
fewer halophiles utilize this strategy, as their intracellular 
machinery must also be adapted to high salinity in order to 
do so (Ma 2010). Halophiles also experience intense 
ultraviolet radiation in addition to the osmotic challenges 
faced in their habitats, and employ a variety of 
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photoprotective mechanisms to combat these effects 
(Allred and Baxter 2013). Such mechanisms range from 
increased efficiency of DNA repair to the presence of 
colorful carotenoids that give rise to the distinctive colors 
seen in certain hypersaline environments, such as in Great 
Salt Lake, Utah.  
  
 
PURPOSE 
 

The objective of this work was to cultivate and then isolate 
a halophilic microorganism from Great Salt Lake, amplify 
its 16S rRNA gene via PCR, sequence the PCR product, 
and then characterize the cultivar through a comparison of 
the gene sequence results to others in the NCBI Genbank 
database. The 16S rRNA gene experiences little change 
over evolutionary time (Baxter 2014); thus, the 
individuality of a cultivar can be assessed by evaluating 
the percent similarity of the sequenced gene to that of 
other sequences in the database.  
 
 
HYPOTHESIS 
 

This experiment was performed under the hypothesis that 
a novel halophilic species would be isolated, given the 
rapid mutation rate bespoken by the microbial community, 
as well as the vast phylogenetic diversity of halophilic 
microorganisms, which has only recently been realized 
(Oren 2002). 
 
 
MATERIALS AND METHODS 
 

Halophile Cultivation and Isolation. The halophile 
colony studied in this work was isolated from halite 
crystals obtained from Great Salt Lake. The crystals were 



Jones (2014) 2 

3

dissolved in a broth culture and then streaked over an agar 
petri dish, which was subsequently incubated until distinct 
colonies had formed. A single colony was isolated from 
the culture using an inoculating loop and was then 
transferred into a test tube containing a 23% MGM 
solution, where it was then incubated for an additional 
one-week period.  

Extraction of Genomic DNA from Cultivar. The 
Baxter DNA Extraction Protocol for Halophiles was 
employed for DNA extraction. This protocol uses the 
BIO101-FastDNA Spin Kit for Soil with an ethanol 
precipitation protocol modified to better suit halophilic 
cultures. In accordance with the protocol, DNA was 
extracted from a 1 mL amount of the 23% MGM culture 
solution, which in turn produced a 100 µL solution of 
concentrated DNA in sterile water. Following the 
extraction procedure, the product was stored at -20 °C 
until required for 16S rRNA gene amplification. 

16S rRNA Gene Amplification and Sequencing. 
The cultivar’s 16S rRNA gene was amplified via PCR. 
Two identical PCR reactions were performed concurrently 
as a precaution, should one fail. Each reaction was 
prepared using the USB Taq PCR Polymerase Kit protocol 
with alternate primers customized for use in this 
experiment. The sequences of the modified primers were 
as follows: forward primer (1HK) ATTCCGGTTG 
ATCCTGCCGG; reverse primer (H589R) AGCTACG 
GACGCTTTAGGC. The PCR Program “Archaea 16S” 
was used for amplification, which follows standard PCR 
methodology with an extended initial denaturation step (94 
for 5 min x 1 cycle). PCR results were evaluated via gel 
electrophoresis using a 0.8% mini-gel with 1X TAE 
buffer, and a subsequent gel documentation using a UV 
transilluminator. Upon confirmation of successful 16S 
rRNA gene amplification, the PCR products were 
combined and then prepared for sequencing with the 
QIAquick PCR Purification Kit. The product was then 
shipped to the USU Center for Integrated Biosystems for 
sequencing. 

Figure 1. Photograph of gel electrophoresis results taken 
in UV/V transilluminator. Lane M (far left) corresponds to 
the marker; lanes 1 and 2 correspond to the two PCR 
products obtained. 
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Cultivar Characterization. The individuality of the 
cultivar was assessed through comparison of its 16S rRNA 
gene sequence across the NCBI Nucleotide Collection 
Database. This procedure utilizes the NCBI Basic Local 
Alignment Search Tool (BLAST), an online resource that 
yields a list of all significantly similar sequences in the 
database arranged according to their percent similarities. 
The BLAST results were interpreted according to the 
criteria shown in Table 1, which state that 99-100% 
similarity is indicative of matching species, 95-98% a 
novel species, and < 95% a novel genus (Baxter 2014).  

 
 
RESULTS 
 

DNA Extraction and 16S rRNA Gene 
Amplification. The gel electrophoresis results (Figure 1) 
indicate that DNA was successfully isolated from the 
cultivar, and that both PCR products (lanes 1 and 2) 
contain the amplified 16S rRNA gene sequence.  

DNA Sequencing. Sequencing results yielded a 433 
base pair sequence for the cultivar’s 16S rRNA gene 
(Figure 2). The identities of four nucleotides in the 
sequence were found to be ambiguous; all of which are 
denoted “N,” which indicates “any nucleotide” when 
analyzed via BLAST. It should be noted that this sequence 
is not representative of the cultivar’s entire 16S rRNA 
gene, but only a specific segment. The sequence was 
determined to be:  
 

CACGTGGCCAAACTACCCTTCGGAGCTCGATA
CCCTCGGGAAACTGAGGCTAATAGAGCATCCC
ACACTTCCACCTGGAACGAGGAGTGTGTCAAA
CGCCCCGGCGCCGAAGGATGTGGCTGCGGCC
GATTAGGTAGACGGTGGGGTAACGGCCCACCG
TGCCAATAATCGGTACGGGTGGTGAGAGCCAN
AACCCCGGAGACGGAATCTGAGACAAGATTCC
GGGCCCTACGGGGCGCAGCAGGCGCGAAACC

% Similarity Indication 

99-100% Matching Species 

95-98% Novel Species 

< 95% Novel Genus 

 

Table 1. Criteria used for interpretation of BLAST results, 
through which the individuality of the cultivar was 
assessed. 



Jones (2014) 3 

	  

Figure 2. DNA sequencing results. A 433 base pair segment of the cultivar’s 16S rRNA gene was successfully obtained. 

Table 2. Closest match species found in the NCBI 
Nucleotide Collection Database via BLAST, arranged by 
percent similarity to the cultivar’s 16S rRNA gene 
sequence.  
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Database was 96% (Table 2) permits the inference that, on 
the basis of 16S rRNA sequence, the cultivar assessed in 
this work is of a novel halophilic species. This conclusion 
soundly supports the hypothesis of this work, and thus 

Closest Match Species % Similarity 

Archaeon DSFBPG 96 
Uncultured archaeon clone XH61 96 
Uncultured archaeon clone SH40 95 
Uncultured archaeon clone BJ5 95 
Uncultured archaeon clone Asc-w-1 95 
Uncultured archaeon clone SH49 95 
Halorubrum ejinorense strain JCM 
14265 95 

Halorubrum ejinorense strain EJ-32 95 
Halorubrum sp. YZL-7 94 
Halorubrum sp. LYG-2 94 
Halorubrum sp. YC-X7 94 
Halorubrum arcis strain AJ201 94 
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TTTACACTGCACGCCAGTGCGATAGGGGGATC
CCAAGTGCACAGGCATAGTGCCTGTGCTTTTC
GGTACCCGTANGGTGGTACCAGAATAAGGGCT
GGGCAAGACCGGTGCCANCCGCCNCGGTAATA
CCGGCAGCCCAAGTGATGGCCGATCTTATTGG
GCCTAAAGCGTCC	  

 

BLAST Results. The cultivar’s 16S rRNA gene 
sequence was found to have a maximum percent similarity 
of 96% to any nucleotide collection present in the NCBI 
Nucleotide Collection Database. Table 2 shows that there 
are only two organisms within a 94% similarity that have 
been characterized as a distinct species, which are 
Halorubrum ejinorense (95%) and Halorubrum arcis 
(94%); all other significantly similar matches are either 
uncultured or are pending characterization.  
 
 
CONCLUSIONS 
 

According to the criteria pre-designated for the 
interpretation of BLAST results (Table 1), the fact that the 
maximum percent similarity achieved when comparing the 
sequence obtained (Figure 2) to all nucleotide sequences 
currently present in the NCBI Nucleotide Collection 
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reinforces the notion that the diversity of halophilic 
microorganisms extends far beyond what has been 
observed to date. 

The results shown in Table 2 give taxonomic 
intimations as to which genus the cultivar may belong to: 
of the significantly similar sequences indicated by 
BLAST, two correspond to the full 16S rRNA gene 
sequences of distinct species of halophilic Archaea, 
Halorubrum ejinorense (95% similar) and Halorubrum 
arcis (94% similar). Both species belong to the genus 
Halorubrum; hence, it is reasonable to speculate that the 
cultivar analyzed here is of the genus Halorubrum.  

Previous works have demonstrated that species of the 
Halorubrum genus may undergo what is described as a 
promiscuous exchange of genetic information, and may 
exhibit a degree of linkage equilibrium similar to that of a 
sexually reproducing population (Papke et al. 2004). 
Under the assumption that the cultivar is indeed of the 
genus Halorubrum, such a tendency provides additional 
clues as to the driving force that may have caused this 
haloarchaeon to emerge as a genetically distinct species.  

A particularly interesting confliction with these 
speculations arises when examining the two most closely 
related known species: Halorubrum ejinorense was 
isolated from a saline lake in Inner Mongolia, China 
(Castillo et al. 2007), and Halorubrum arcis from a saline 
lake on the Qinghai-Tibet Plateau, China (Xu et al. 2007). 
To consider this geographic discrepancy alongside the fact 
that the cultivar’s percent similarities to these species do 
not surpass 95%, which is the threshold between new 
species and new genus according to the criteria shown in 
Table 1, it is not unlikely that the cultivar is of a different, 
perhaps novel genus. Nevertheless, the data acquired 
through this work provide no further clues as to the 
character of the cultivar, as characterization of the 
organisms that correspond to the sequences with higher 
percent similarities than H. ejinorense and H. arcis is still 
pending (Table 2).  

A final conclusion to be made is in regards to the 
overall success and effectiveness of the experimental 
design. The data obtained through the various methods and 
materials employed throughout this work are devoid of 
any obvious error. Furthermore, each individual protocol 
utilized pre-prepared kits that are readily available for 
purchase online and require only slight modification. For 
these reasons, the methodology described here is 
recommended for the extraction and/or amplification of 
halophilic microbial DNA.  
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EXTENSIONS 
 

A number of potential extensions of this work arise 
when considering the results, and of the many that come to 
mind, characterization of the cultivar is the most salient. 
The number of extremely halophilic microorganisms 
whose genomes have been fully sequenced is relatively 
low at present (DasSarma 2004), yet the biotechnological 
applications of these unique microorganisms are already 
vast: current exploitations of halophiles range from the 
production of extracellular polysaccharides that function in 
the recovery of oil from oil wells, to the use of halophile 
cell biomass for cosmetic anti-wrinkle preparations (Oren 
2002). Hence, a comprehensive characterization, genomic 
sequencing, and formal documentation of the cultivar, in 
which morphological, behavioral, and genetic traits are 
revealed and phylogenetic relationships subsequently 
determined, could provide indication of a potential for 
biotechnological application. 

Perhaps the most interesting question left unanswered 
by these data arises from the fact that the two documented 
species that are most closely related to the cultivar are 
from China (Castillo et al. 2007, Xu et al. 2007). 
Investigation of how these similarities arose could provide 
additional insight into the organisms’ potential for 
biotechnological use; for example, if the genetic 
similarities were found to be a result of convergent 
evolution, then perhaps the species share a mutual trait that 
serves some advantageous function, which could then be 
further analyzed for potential exploitations. 

In addition to the biotechnological potential bespoken 
by the halophilic microbial community, their outstanding 
tolerance for extreme conditions, along with their ability to 
remain dormant within halite crystals for long periods of 
time (Allred and Baxter 2013), has designated them as key 
players in the field of astrobiology (DasSarma 2006). All 
that is uncovered through the study of halophiles has the 
potential to supplement the creation of metrics and models 
used in the pursuit of exposing extraterrestrial life. For 
example, the Meridiani Planum of Mars is thought to have 
once been a salt lake with properties similar to that of 
Great Salt Lake (Allred and Baxter 2013), the natural 
habitat of the cultivar that has been studied here. It can be 
argued that for this reason alone, a comprehensive 
characterization of the cultivar, along with any other 
uncharacterized halophilic isolates from Great Salt Lake, 
is warranted. Furthermore, it is recommended that the 
techniques employed in order to accomplish such an 
endeavor should be carefully documented and subjected to 
elevated levels of scrutiny, as it would be wise to ensure 
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that the astrobiological techniques that will be used in 
space when the time comes are of the highest degrees of 
efficiency and reliability. 
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