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In the present study four halophytic bacteria strains were identified and were characterized on the basis 
of the cell morphology and 16S rRNA gene sequencing. These strains were identified as Halomonas 
elongata strain ECTC/RF, Cobetia marina strain New Alix5, Virgibacillus species strain Rr Alix3 and 
Staphylococcus saprophyticus strain S Alix1. The strains ECTC/RF, New Alix5 and Rr Alix3 
accumulates Ectoine under high salinity condition. The genes involved in ectoine biosynthesis (ectA, 
ectB, and ectC), were isolated and characterized from strains ECTC/RF and New Alix5 and can be used 
as a source of microbial salt tolerant enzymes. The ectoine genes expression (ectA, ectB, and ectC) of 
the strain ECTC/RF was determined relative to the control (without adding NaCl) by using Real time 
PCR analysis. The transcription levels of ectA, ectB, and ectC, have different response to the different 
concentration of NaCl. The three Ectoine genes showed an increase in there expression in 20% salt 
concentration. This result proves that the accumulation of Ectoine is one of the main compatible solute 
responsible for growth and survival of these halophiles strains under salinity stress condition. 

Keywords: Moderately halophilic bacteria, Halomonas elongata, Cobetia marina, Compatible solutes, Ectoine 
biosynthesis genes 

 
INTRODUCTION 
In Egypt several saline and hyper saline 
environments were known such as lakes of the 
Wadi al-Natrun (Mesbah and Wiegel, 2009) and 
the Solar Lake located in the Sinai coast region of 
the Gulf of Aqaba (Cohen et al., 1977). The most 
famous hyper saline environment, which contains 
the highest salt content is the solar saltern found 
in Alexandria city (Asker and Ohta, 2002) which is 
used as the source of halophilic micro 
(halophiles). From this solar saltern different 
halophiles were isolated such as 
Haloferaxalexandrinus sp.(Asker and Ohta 2002), 
the Gram negative bacteria which belongs to the 

genera Pseudoalteromonas, Flavobacterium, 
Chromohalobacter, Halomonas and 
Salegentibacter, and Gram-positive bacteria 
which belongs to the genera Halobacillus, 
Salinicoccus, Staphylococcus and 
Tetragenococcus (Ghozlan et al., 2006). These 
halophiles organisms possess the ability to 
balance the osmotic pressure of the environment 
and either use the salt in cytoplasm process or 
accumulate the osmoprotectant compounds 
(Galinski, 1993; Waditeeet et al., 2002;Roberts, 
2005;Ghasemi et al., 2011) or use both strategies 
together (Saum et al., 2013; Hanelt and Muller, 
2013) in order to survive and grow under salinity 
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conditions. These strategies are controlled by 
certain genes which can be used to produce 
transgenic plants that can grow and survive in 
high salt soil (Sakamoto and Murata, 2001). One 
of these genes is the gene responsible for the 
accumulation of Ectoine under salinity stress 
condition. Cobetia marina and Halomonas 
elongata accumulate the Ectoine, which is a 
compatible solute developed under salinity stress 
condition (Chen et al., 2012; Romanenko et al., 
2013; Nakayama et al., 2000). The accumulation 
of Ectoine is controlled by the three genes; ectA, 
ectB, and ectC (Min-Yu et al., 1993). The first step 
of Ectoine biosynthesis is catalyzed by L-2,4-
diaminobutyric acidtransaminase (DAT) that is 
expressed by ectB gene, which converts )ASA( 
Aspartateβ-semialdehyde, an intermediate in 
amino acid metabolism, to L-2,4-diaminobutyric 
acid (DABA). The second step, the acetylation of 
DABA to N-acetyl L-2,4-diaminobutyric acid 
(ADABA), which is produced by diaminobutyric 
acid acetyltransferase (DAA) expressed by ectA 
gene. In the last step, L-ectoine synthase (ES) 
expressed by ectC gene catalyzes the cyclic 
condensation of N-acetyl L-2,4-diaminobutyric 
acid to yield tetrahydropyrimidineectoine. 
This study aims to isolate and characterize 
halophiles from different location of solar saltern 
of Alexandria city in Egypt. The salt tolerant genes 
could be isolated and identified from different 
isolates and their expression could be measured 
under salt stress condition. 
 
MATERIALS AND METHODS 

Collection of samples and culture conditions:  
Water samples were collected from three different 
solar saltern regions at Alexandria (Egypt) in 
sterile plastic container. Samples were serially 
diluted (10−1 to 10−4) with sterilized saline solution 
(Vandepitte et al., 2003) and were spread on the 
surface of the Nutrient Agar medium (NA) and 
standard growth medium (SG) in parallel with 
different concentration of NaCl (from 0% to 25% 
of NaCl). The (SG) medium was prepared 
according to the method described by Asker and 
Ohta, 1999 and adjusted by adding the glucose to 
have more growth. The cultures were incubated at 
37°C for 2-7 d. After that, the single colonies that 
would survive within the first seven days under 
high NaCl concentration(18-25%) were picked up 
and subculture on the SG medium with gradual 
increase in NaCl concentration (18-25%). 

Bacterial identification:  
Initial morphological identification of isolates was 
done by Gram staining and microscopic 
examination. Gram staining and catalase analysis 
were tested using standard procedures described 
by Austrian (1960). Further identification was 
done on the basis of 16S rRNA gene sequencing. 
The PCR amplification and sequencing of 16S 
rRNA gene start by the genomic DNA extraction 
from each isolate by Gene JET Genomic DNA 
Purification Kit (#K0721 Thermo Scientific). The 
16S rRNA gene of the isolates was amplified from 
20ng extracted genomic DNA, by PCR using the 
universal primers described by Duckworth et al. 
(1996).Also, the Master Mix Pyro Start™ Fast 
PCR #K0211 from Fermentas was used. The 
PCR was carried out using the PCR profile of 
HVD Thermal Cycler: initial denaturation at 95ºC 
for 5 min; 35 cycles of denaturation at 95ºC for 1 
min, annealing at 55ºC for 1 min and extension at 
72ºC for 1min.With The final extension at 72ºC for 
30 min. Then the amplified 16S rRNAgeneis 
electrophoresed in a 1.5 % (w/v) agarose gel. A 
single DNA fragment of 1500bp was extracted 
from the gel using a Gel Extraction Kit. (Wizared 
SV Gel and PCR clean-up Systemcat. 
#A9281promega). 
 
Phylogenetic analysis of bacterial isolates: 
Assembly of the fragments sequences of 16S 
rRNA gene was made using the CLC main 
Workbench software version 6.6.2.(CLC BIO, 
Aarhus, Denmark).Using 16SrRNA gene 
sequences, the strain was identified by BLAST 
search using the database of NCBI (National 
Center for Biotechnology Information). Then this 
16S rRNA gene sequence was submitted to 
GenBank. The sequences of closely strains were 
used for constructing the phylogenetic trees. The 
phylogenetic tree was calculated by using the 
neighbor-joining as minimum-evolution method 
with CLC main Workbench software version 6.6.2.  

Isolation of Ectoine biosynthetic genes:  
Total genomic DNA was extracted from the 
isolates that have been survived the (SG) medium 
supplemented with 25% of NaCl. Then the ectA, 
ectB and ectC genes were isolated by PCR using 
specific primers described by Nakayama et al. 
(2000) with some modifications. The annealing 
temperature was adjusted to 68°C, for genes 
ectA, ectB and ectC. The primers sequences were 
listed in Table (1).The amplified fragments that 
show the relevant size of the ectA, ectB and ectC 
genes were extracted from the gel. 
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Table (1): The primer sequences used in this study for 16S rRNA gene amplification and the ectA, 
ectB and ectC genes primers used for isolation. 

 
 
 
 
 
 
 
 
 
 
 
 

Table (2): Designed primers of the Ectoine genes (ectA, ectB and ectC), used in the quantitative 
Real-Time PCR experiment. 

 
Product 

name 
Product 
length 

Sequence (5'->3') 
Melting 

temperature 

ectA 129 
(5 ́-TCCGCCTACGCCTATCTGTT-3 ́) 60.75 

(5 ́-GAAATAGGTATCGGGGGCGTT-3 ́) 59.93 

ectB 145 
(5 ́-CGCGACTATCTGGAAACCCT-3 ́) 59.54 

(5 ́-CGATATTGTGGCGCCCCTT-3 ́) 60.53 

ectC 131 
(5 ́-CCGAAAACGGCAACTGGGA-3 ́) 60.89 

(5 ́-AACAGCCTCGAAGTGATGCTT-3 ́) 60.27 

16s rRNA 121 
(5 ́-TGCGTAGAGATCGGGAGGAA-3 ́) 60.11 

(5 ́-GTTTACGGCGTGGACTACCA-3 ́) 60.04 

 
 After that, three genes were cloned in to 
pTZ57R/T cloning vector sing the Thermo 
Scientific In sTAclone PCR Cloning Kit (Thermo 
Scientific cat # K1213).The recombined plasmids 
were transformed into E.coli XL10-Gold. After all, 
recombinant plasmids DNA were sequenced 
using the M13 universal primer. For Phylogenetic 
analysis of ectA, ectB and ectC genesCLC main 
Workbench software version 7.6.1 was used to 
assemble the fragments sequences of the three 
genes (ectA, ectB and ectC). These ectA, ectB 
and ectC sequences were submitted to DNA Data 
Bank of Japan (DDBJ). Then the closely 
sequences were used for constructing the 
phylogenetic trees. 

Determination of Ectoine genes expression by 
Real time PCR:  
The expression levels of ectoine biosynthetic 
genes (ectA, ectB and ectC) in the strain 
ECTC/RF under different NaCl concentration (0, 
5, 10, 15, 20, and 25 %)were determined. Total 
RNA were extracted from samples grown under 
different concentrations of NaCl by RNeasy Mini 
Kit (cat. #74124 QIAGEN).The cDNA was 

synthesized according to the manufacturer’s 
instructions provided by the High-Capacity cDNA 
Reverse Transcription Kit (cat.#4368814 Thermo 
Scientific)in 10μl reaction mixtures containing 6–
200 ng of each total RNA sample and 2.5 μM of 
eachspecific primers . The primers were designed 
usingthe NCBI Primer Blast, 
(http://www.ncbi.nlm.nih.gov/tools/primer-
blast/index.cgi?LINK_LOC=BlastHome) from the 
sequencing results of ectA, ectB and ectC genes 
(Table 2).The thermal profile of the reverse 
transcription process used for these reactions was 
carried out using the PCR profile of HVD Thermal 
Cycler: Step 1 at 25ºC for 10 min; Step2 at 37ºC 
for 120 min and Step 3 at 85ºC for 5min.Real-time 
PCR was performed as described by a previous 
study (Guo et al., 2015)in 96-wellplates using a 
ViiAtm 7 System Real-time PCR (Applied 
biosystems).Real-time PCR amplifications were 
performedin50μl reaction mixtures containing 25μl 
of 2X SYBR® Green PCR Master Mix Kit 
(cat.#4344463 Thermo Scientific), 200nMof each 
primer,100 ng of each cDNA. The thermal profile 
of the reverse transcription process used for these 
reactions was carried out using the ViiAtm 7 
System Real-time PCR. Data analysis was 

Product name Product length Sequence (5'->3') 

16S rRNA 1500 
27F (5'-AGAGTTTGATCCTGGCTCAG -3') 
1492R (5'-GGTTACCTTGTTACGACTT-3') 

ectA 590 
A1(5'-GCGAACCTCTAGAATGAACGCAACC-3') 

A2(5'-CGGCGTCCGAGCTCAGATCTG-3') 

ectB 1276 
B1(5'-ACAGGAGGATCCAATGCAGACCC-3') 
B2(5'-CCTC AGGAGCTCAGCTAAAGGCC-3') 

ectC 432 
C1(5'-CACTGGAGGATCCACATGATCGTTC-3') 

C2(5'-CA GAATAGAGCTCCGGGTTACAGCG-3') 
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accomplished using comparative 2-ΔΔCt method 
(Livak and Schmittgen, 2001). The mRNA level of 
16S rRNA gene was used as a house-keeping 
gene as an endogenous control to normalize the 
sampling errors. The data was expressed as a 
relative expression to negative control group. 
Melting curve for every gene was performed for 
checking product specificity. 
 
RESULTS 

Morphological characterization: 
 Several halophilic bacteria colonies were 

grown during the first seven days under the 

highest NaCl concentration (18-25%).The 
morphology of the sixteen different isolates that 
survived under high NaCl condition and there 
shapes were irregular and circular in form. 
Colonial pigmentation of the isolates included 
creamy and white as shown in Table (3). The 
isolates were examined under the light 
microscope Leica DM LS2 and displayed different 
cell sizes and morphologies. Some rod shaped 
isolates in small or long chains. The cells have 
cocci and rod shaped bacteria and have a gram-
positive and negative cell wall structure as shown 
in Fgure (1). 

 
 

(1) S Alix                   (2) RrAlix 

  

    (3) ECTC/RF                  (4) New Alix 

 
 
 
Figure (1): Cell morphology of selected colonies of the halophilic isolates.(1) The S Alixcolony: 
stained pink gram-positive cocci-shaped bacteria. (2) The RrAlix colony: Violet stained gram-positive rod-
shaped bacteria. (3) The ECTC/RF colony: Short rod-shaped Gram-negative. (4) The New Alix colony: 
Short rod-shaped Gram-negative 
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Table (3): Characterization of several halophilic isolates based on their morphological properties. 
 

Isolate 
 ID 

Culture medium  
isolation 

Gram 
staining 

Catalase 

Colony morphology 
Cell  

morphology 
Range of NaCl 
(%) for growth 

Color Form Surface Opacity 

S Alix1 ( SM) + + White Irregular Smooth Opaque Cocci 5-18% 

S Alix2 ( SM) + + creamy Circular viscous Transparent Cocci 5-18% 

L Alix1 ( SM) + + creamy Circular Mucoid Transparent Cocci 5-18% 

L Alix2 ( SM) + + White Irregular Smooth Opaque Cocci 5-18% 

Rr Alix3 ( SM) + - White Irregular Smooth Transparent Rods 5-15% 

Rr Alix4 ( SM) + - creamy Irregular Smooth Transparent Rods 5-15% 

Rr Alix5 ( SM) + - white Irregular Smooth Transparent Rods 5-15% 

ECTC/RF ( SM) - ------- White Circular Smooth Opaque Short rods 5-25% 

ECTC/RF2 ( SM) - ------- White Round Viscous Opaque Short rods 5-25% 

ECTC/RF3 ( SM) - ------- White Circular Viscous Opaque Short rods 5-25% 

ECTC/RF4 ( SM) - ------- White Irregular Viscous Opaque Short rods 5-25% 

New Alix1 (NU) - +/- White Circular Smooth Transparent Short rods 5-25% 

New Alix2 (NU) - + White Round Smooth Transparent Short rods 5-25% 

New Alix3 (NU) - +/- White Irregular Smooth Opaque Short rods 5-25% 

New Alix4 (NU) - +/- White Round Smooth Opaque Short rods 5-25% 

New Alix5 (NU) - + White Circular Smooth Opaque Short rods 5-25% 

 
Table (4): Identification of isolated halophilic based on 16S rRNA gene sequence and their accession numbers published in GenBank 
data base. 

 Strain name/ Genus Blast matched identity ≥ 99% by NCBI accession numbers 

S Alix1 Staphylococcus saprophyticus Staphylococcus saprophyticus(CP014057) MF474332 

Rr Alix3 Virgibacillus sp. Virgibacillus sp. (KC013356) MF474333 

ECTC/RF Halomonas elongata Halomonas elongataNY-5  (JN903899) KX268650 

New Alix5 Cobetia marina Cobetia marina JCM 21022  (CP017114) MF474331 
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Molecular characterization by 16SrRNAgene:  
The amplified size designed for the 16S rRNA 

gene used to identify the isolates, were 
about1500bp.The PCR products were separated 
in agarose gel and the DNA bands corresponding 
to expected size of the 16S rRNA and relevant 
each isolate were purified from the gel for 
sequencing. The sequences of the 16S rRNA 
gene from different isolates have been submitted 
to the Gen Bank data base under different 
accession numbers and the closest genus of 
these strains, described by the phylogenic tree in 
figure (2), were shown in Table (4). 

Isolation of the genes involved in Ectoine 
biosynthesis: 

 After the identification of the strain ECTC/RF 
as Halomonas elongata and the strain New Alix5 
as Cobetia marina, the ectoine genes are isolated 
by PCR using specific primers as 590, 1276 and 
432-bp fortheectA, ectB and ectC fragments 
respectively as shown in figures (3 and 4). The 
amplified fragments of Ectoine genes were 
extracted from gel then cloned into pTZ57R/T 

cloning vector and sequenced. The sequences of 
the three ectoine biosynthetic genes had been 
submitted in the DDBJ data base under the 
accession numbers shown in Table (5).The 
Phylogenetic trees were constructed using CLC 
main Workbench software version 7.6.1 and the 
closely sequences as shown in figures (5,6 and 
7). 

The effect of NaCl on the expression of 
Ectoine genes:  

In order to investigate the effects of NaCl 
concentration on the expression of ectoine genes 
(ect. abc) in Halomonas elongate strain ECTC/RF, 
the amounts of the ectoine transcripts were 
determined relative to those in cells grown at 0 % 
NaCl by Real time PCR. One way Anova: study 
the significant difference in single gene with 
different salt concentrations. The mean carries 
different letter is showing a significant change, 
while the mean with the same letter is considered 
non-significant change on each column. The salt 
concentration of 20% resulted in significant 
increase in the gene expression for the three 
Ectoine genes (Table 6). 

 
Figure (2): Phylogenetic tree based on 16S rRNA gene sequences using CLC main Workbench 

software version 7.6.1.Showing the relationships between the four strains and related taxa based 
on the 16S rRNA gene sequence.  
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Figure (3). The Ectoine biosynthetic genes of Halomonas elongate ECTC/RF. 
Lane (1)100bp ladder.Lane (2) PCR using genomic DNA of ECTC/RFby ectA primer 590-bp. Lane (3) PCR by ectB primer 1300-bp. 

Lane (4) PCR by ectC primer 400-bp. Lane (5) 1kb Ladder. 
 

 
Table (5): The size of Ectoine genes that isolated from Halomonas elongate ECTC/RF and Cobetia marina New Alix5 and 

their accession numbers published in GenBank data base. 
 
 

 
 
 

 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure (4). The Ectoine biosynthetic genes of Cobetia marina a New Alix5. Lane (1) 100bp ladder. Lane (2) PCR 
using genomic DNA of New Alix5byectA primer 550-bp. Lane (3) PCR by ectB primer 1300-bp.Lane (4) PCR by ectC 

primer 400-bp. Lane (5) 1kb Ladder. 

The source of isolated 
Ectoine gene 

The name of 
fragment 

The product size accession number 

Halomonas elongata 
(ECTC/RF) 

ectA 591 bp LC168837 

ectB 1289 bp LC168836 

ectC 447 bp LC167157 

Cobetia marina 
( New Alix5) 

ectA 558 bp  MG200181 

ectB 1263 bp MG200182 

ectC 393 bp  MG200183 

http://getentry.ddbj.nig.ac.jp/getentry/na/LC168837/?filetype=html
http://getentry.ddbj.nig.ac.jp/getentry/na/LC168836/?filetype=html
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Figure (5): The phylogenetic tree analysis using CLC main Workbench software version 7.6.1. 

Nucleotide sequences of ectA gene. 
 

 
 

Table 6: One way ANOVA: study the significant difference in single gene with different salt 
concentrations 

NaCl Ectoine A Ectoine B Ectoine C 

0% 1±0cd 1±0cd 1±0cd 

10% 0.08±0.03e 0±0e 0.02±0.003e 

15% 0.29±0.005de 1.44±0.34c 1.44±0.34c 

20% 2.45±0.05b 20.9±0.42a 20.9±0.42a 
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Figure (6): The phylogenetic tree analysis using CLC main Workbench software version 7.6.1. 

Nucleotide sequences of ectB gene. 
 
 
 
 

 
 

Figure (7): The phylogenetic tree analysis using CLC main Workbench software version 7.6.1. 
Nucleotide sequences of ectC gene. 
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DISCUSSION 
In Egypt several saline and hyper saline 

environments were known. The most famous of 
which is solar saltern of Alexandria city that is 
used as a source of halophiles. In this study, a 
total of four halophiles strains were isolated, 
characterized and identified on the basis of cell 
morphology and 16S rRNA gene sequencing. 
These strains were identified as Halomonas 
elongata strain ECTC/RF, Cobetia marina strain 
New Alix5, Virgibacillus species strain Rr Alix3 
and Staphylococcus saprophyticus strain S Alix1. 
According to our knowledge, this is the first study 
ever made about solar saltern of Alexandria city in 
Egypt which indicates that the strain Halomonas 
elongata is moderate halophiles using the 
technique of 16S rRNA gene sequencing. 
However, the study that was made by Romano et 
al. (2007) indicated that the Halomonassinaiensis 
sp. Nov isolated from a salt lake inside Ras 
Muhammad Park, Egypt is one of the moderate 
halophiles that relates to genus Halomonas. This 
study is also considered as the first time in Egypt, 
to identify and characterize the Cobetia marina, 
which is affiliated to the genus Cobetia 
(Romanenko et al., 2013). The Staphylococcus 
saprophyticus, which shows high similarity to the 
genus Staphylococcus, was identified in previous 
studies as pathogenic bacteria isolated from the 
urine specimens and it is a common pathogen of 
urinary tract infection and not one of the 
halophiles (Marrie et al., 1982; Hur et al., 2016). 
However, in this study it is revealed that the 
Staphylococcus saprophyticus strain S Alix1, is 
one of the halophiles as it can grow and survive at 
18% NaCl. However, the mechanisms that made 
Staphylococcus saprophyticus grow and survive 
in hyper saline environments remain unknown. As 
for Halomonas elongata strain ECTC/RF 
(Nakayama et al., 2000), Cobetia marina strain 
New Alix5 (Chen et al., 2012) and Virgibacillus 
species strain RrAlix3 (Yin et al., 2015; Tao et al., 
2016), they are identified as halophiles bacteria, 
which produce Ectoine amino acid under salinity 
stress. Accumulation of Ectoine amino acid is 
controlled by the expression of three genes (ectA, 
ectB, and ectC) (Min-Yu et al., 1993). In this 
study, these three genes have been isolated and 
characterized from Halomonas elongata strain 
ECTC/RF and Cobetia marina strain New 
Alix5and can be used to engineer crop plants to 
tolerate high soil salinity. To study the effect of 
NaCl in the accumulation of the ectoine as the 
compatible solute in the Halomonas elongata 
strain ECTC/RF, the expression of ectoine genes 

(ectA, ectB, and ectC) were determined relative to 
those in cells grown at 0 % NaCl by Real time 
PCR. Previous study demonstrated the synthesis 
of ectoine in Virgibacillus Halo Denitrificans strain 
PDB-F2 increases under high-salt conditions (Tao 
et al., 2016) which is in agreement with our data 
since the transcription levels of ectA, ectB, and 
ectC was increased with increasing NaCl 
concentration in the culture medium. Another 
study which was made by Real time PCR 
analyses, was also applied to the Streptomyces 
rimosus C-2012, a slightly halophilic bacterium, 
grown in 0.45 M NaCl, showed that ectA, ectB,  
ectC and ectD(the gene producing hydroxyectoine 
enzyme) genes expression were increased by the 
salinity effect in comparison to cells grown at 0 % 
NaCl (Sadeghi et al., 2014). In our study, similar 
phenomenon was proved when we demonstrated 
that the transcription levels of ectA, ectB and ectC 
have different responses to the different 
concentrations of NaCl. The three Ectoine genes 
showed an increase in there expression by 2.45 
fold in 20% salt concentration. This proves that 
the accumulation of Ectoine is one of the main 
compatible solute responsible for growth and 
survival of halophiles under salinity stress 
condition. 

CONCLUSION 
From solar saltern of Alexandria city in Egypt, a 
total of four halophiles strains were isolated. 
These strains were identified as Halomonas 
elongata strain ECTC/RF, Cobetia marina strain 
New Alix5, Virgibacillus species strain Rr Alix3 
and Staphylococcus saprophyticus strain S 
Alix1.According to our study, strains ECTC/RF 
and New Alix5 are proved to be halophiles, as 
they can grow and survive at 25% NaCl, and thus 
can be used as a source of microbial salt tolerant 
enzymes used in the production of transgenic 
plants with improved salt tolerance. 
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