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ackground: Khewra salt mine is an extremely saline habitat of Pakistan that provides a suitable 

environment for salt loving microorganisms, halophiles. Halophiles grow in high salt concentration 

and are excellent sources of enzymes that perform catalytic reactions competently under extreme 

conditions.  

Methods: A total of twenty-five samples (rocks, soil, water, and salt drippings), collected from Khewra salt 

mine and its vicinity, were checked for growth. Isolates were purified and characterized by Biochemical and 

Molecular Tests. The isolates were also screened for biotechnological potential. 

Results: Samples (n=12) did not show growth, while samples (n=13) showed growth on high salt media. 

Isolates showed growth on 1-29% NaCl concentration, 15oC-40oC temperature and pH 6.5-9.0. Molecular 

analysis showed that isolate AJS-21y was closely related (98% similarity) to Salinicoccus roseus while isolate 

AJS-22 belonged to Bacillaceae family and was closely related (99% similarity) to Piscibacillus sp. Both 

isolates gave extracellular production of amylase. 

Conclusion: Current study showed the presence of Salinicoccus sp. and Piscibacillus sp. in Khewra salt mine, 

Pakistan. The ability of isolates AJS-21y and AJS-22 to survive at high salt concentrations and production of 

extracellular amylase made them highly attractive for industrial applications and synthesizing transgenic 

crops tolerating high salinity. 
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Introduction 

Extremophiles are a big part of the microbial world. 

These microbes can tolerate a broader range of 

environmental extremes. Extremophiles are 

differentiated by their capability to endure harsh 

conditions like high concentration of salt, low or high 

temperature, and acidic or alkaline environment. They 

are categorized into five groups which are halophiles, 

thermophiles, acidophiles, psychrophiles and 

alkaliphiles [1]. 

   Halophiles are microorganisms that live in areas 

where salt concentration is high. Salt loving microbes 

are present in all three domains of life i.e., Archaea, 

Bacteria and Eukarya. Halophiles are categorized as 

extreme, moderate and slight halophiles depending on 

the concentration of sodium chloride [2]. The sodium 

chloride concentration of 1.8% to 4.7% is optimum for 

the growth of slight halophiles, 4.7% to 20% 

concentration of sodium chloride is optimum for 

moderate halophiles to grow, whereas the sodium 

chloride concentration of 20% to 30% is suitable for the 

growth of extreme halophiles [3]. Microorganisms that 

thrive in a hypersaline environment have high amounts 

of inorganic nutrients and less amount of water. The 

cell membrane of halophiles is composed of 

chromoprotein and bacteriorhodopsin, which act as a 

differentially permeable membrane allowing selective 

molecules to pass; functioning as a proton pump [2]. 

Halophilic microbes require nutrients in less amounts 

and are resistant to high concentration of salt with the 

ability to maintain the osmotic pressure of the 

environment [4]. The mechanism of halo adaptation 

depends on the intracellular potassium chloride storage 

over 37% (salt-in technique) or aggregation of viable 

solutes (salt-out procedure) in order to keep the 

equalization of Na+ into the cytoplasm and balance 

osmotic pressure of the outside environment provided 

by high salt concentration [5]. Halotolerant microbes 

can keep up their survival in high salt conditions and 

also have the ability to thrive without salt. Moreover, 

stress tolerance proteins are present in these microbes 

which assist them for their survival in harsh 

environments [6-8].  

   Halophilic microorganisms maintain their osmotic 

balance in cytoplasm and its surroundings by 

incorporating and aggregating organic solutes and 

manage their internal cellular environment at low ionic 

level [9-12]. Halophilic microorganisms are acclaimed 

in the oil industry because of their excessive need in 

the processes of oil recovery and their role in the 

breakdown of industrial pollutants [13, 14].   

   Extremophiles such as halophilic microorganisms are 

a gift of nature to the human race [15]. Halophilic 

microorganisms have incredible metabolic flexibility, 

less nutritional prerequisites and variation in 

hereditary mechanisms to survive in harsh conditions. 

Halophiles upgrade the feature of the environment in 

terms of assisting saline environments to self-regulate. 

It likewise helps plants to create certain substances 

which make their survival possible in such outrageous 

conditions. They produce various synthetics, chemicals 

and metabolites that are being utilized in drug, food, 

leather and textile industry [16].  

   Salt Mine of Khewra is mapped in District Jhelum, 

Punjab, Pakistan. Khewra is located north of Pind 

Dadan Khan [17]. Khewra mine is also called Mayo Salt 

Mine. It is the world's biggest salt mine which spreads 

over a zone of about 3,398.53 acres. Salt ranges in color 

from transparent, pink, grayish, and reddish to beef-red 

color [18].  

   The present study was aimed to isolate and 

characterize halophilic/halotolerant bacteria from the 

hypersaline environment of Khewra and to determine 

their antibiotic resistance and biotechnological 

potential. 

Methods 

Sample Collection 

Samples (rocks, brine, soil and water) were collected in 

sterile bottles and plastic bags from the Khewra mine 

and were refrigerated at 4oC till further processing. 

Halophilic bacteria isolation 

Halophilic bacteria were isolated through serial 

dilution method. Soil suspension (1.0 ml) was taken 

and added to nutrient broth medium containing 15% 

NaCl. After incubation, turbidity (indicating growth) 

appeared in samples. It was further inoculated on 

nutrient agar plates to obtain pure growth. Pure 

cultures were acquired by repeated streaking on 15% 

NaCl nutrient agar plates followed by incubation at 

37oC for 3-4 days. 

Morphological Characterization 

Colonies (72 h old) were examined for shape, color, 

elevation, margins, internal structure and 

configuration. Gram’s staining procedure was used to 

study the characteristics of single cells of the isolates.  

Physiological Characterization 

Effect of temperature 

All isolates were tested for variable temperature range. 

Nutrient broth medium having 15% of sodium chloride 

concentration was used for the growth of isolates at 

different temperatures (25 - 40oC) with the interval of 

5oC. A single pure colony was transferred to nutrient 

broth (50 ml) followed by incubation at 37oC for 3-4 

days. Then 50 µl of this culture was added to a 50 ml 

nutrient broth flask having 15% concentration of 

sodium chloride and incubated at 25 to 40oC for 3-4 

days. The experiments were conducted in duplicate.   
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Effect of Sodium Chloride concentration 

Effect of variable salt concentration was checked over 

the range of 0-30% NaCl. A single pure colony was 

added to 50 ml nutrient broth media containing 15% 

sodium chloride and incubated for 3-4 days at 37oC to 

get sufficient growth.  Culture (50 µl) was added to a 50 

ml nutrient broth flask having varied concentration of 

sodium chloride (0-30%) followed by incubation at 37oC 

for 3-4 days. The experiments were conducted in 

duplicate.   

Effect of pH 

All isolates were tested for variable pH range. Isolates 

were grown on high salt nutrient broth at variable pH 

ranging from 6.0-9.0 for 3-4 days at 37oC to get 

sufficient growth. The experiments were conducted in 

duplicate.   

Biochemical Analysis 

Oxidase and catalase tests were performed.  

Molecular Characterization 

For molecular analysis, Genomic DNA was extracted 

following the method of Kronstad et al. [19]. PCR 

amplification of 16S rRNA gene was done using primers 

9F 5’-GAGGTTTGATCCTGGCTCAG-3’ and 1510R 5-

GGTTACCTTGTTACGACTT-3’.  

Reaction mixture was prepared by adding PCR master 

mix (4.0 µl,) RNase treated genomic DNA (2.0 µl), 12 µl 

of ddH2O water and 1 µl of forward and 1 µl of reverse 

primer. Initial denaturation was done at 94oC (5 

minutes), followed by 30 cycles of 94oC (30 seconds), 

54oC (30 seconds) and 72oC (90 seconds). One final 

cycle of 72oC for 10 minutes was provided for 

extension. 1% agarose gel was prepared for the analysis 

of Polymerase chain reaction products and visualized 

under U.V. in the gel documentation system. Amplified 

16S rRNA gene was sequenced commercially. The 

homology between the strains of bacteria was analyzed 

through Basic Local Alignment Search Tool in 

GENBANK. Software ClustalW was used to align 

experimental 16S rRNA gene sequences with 16S rRNA 

gene sequences (belonging to relevant taxa) [20]. 

Neighbor-joining method was applied for phylogenetic 

tree analysis utilizing MEGA 6.0 software [21]. On the 

basis of 1000 re-samplings, bootstrap analysis of 

neighbor-joining data was done in order to construct 

the phylogenetic tree for the study of relationship 

stability.  

Antimicrobial Susceptibility Testing 

Kirby-Bauer disk diffusion technique was applied to 

check resistance of isolates against different 

antibiotics. Mueller Hinton agar was used for 

evaluating antimicrobial susceptibility. Amikacin, 

penicillin, ceftazidime, cefotaxime, ceftriaxone, 

cefixime, linezolid, ampicillin, ciprofloxacin, 

vancomycin, gentamicin, amoxicillin and oxacillin 

antibiotics were used to check the antimicrobial 

susceptibility of isolates. Incubation was done at 37°C 

for 72 hours. Following 72 hours of incubation, the 

clearance zone of diameter (mm) was noted for each 

antibiotic. Organism was reported as Sensitive or 

Resistant for each antibiotic after consulting key chart 

provided by CLSI 2015.     

Screening for extracellular amylase activity 

Starch agar medium was utilized for the screening of 

extracellular amylase activity (g/L: Peptone 10, yeast 

extract 5, starch 20, NaCl 150, and Agar 15). After 

incubation at 37°C for 3-5 days, iodine solution was 

poured on the plate, a clear zone around the growth 

showed starch hydrolysis. 

Screening for extracellular CMCase activity 

CMC agar medium was utilized for the screening of 

extracellular CMCase activity (g/L: Peptone 10, yeast 

extract 5, CMC 20, NaCl 150, and Agar 15). After 

incubation at 37°C for 3-5 days, Congo Red (0.1%) was 

added and then destained with NaCl (0.1 M). A clear 

zone around the growth showed the production of 

CMCase. 

Screening for extracellular protease activity 

Skim milk agar medium was utilized for the screening 

of extracellular protease activity (g/L: Peptone 10, yeast 

extract 5, Skim milk 20, NaCl 150 g, Agar 15). After 

incubation at 37°C for 3-5 days, formation of clear zone 

around the colonies indicated extracellular protease.  

Accession Number of Nucleotide Sequence 

The 16S rRNA gene sequence of isolates AJS-21y and 

AJS-22 have been submitted in the GenBank with 

accession no. MG471435 and MG471436, respectively. 

Statistical analysis 

Standard deviation was calculated using computer 

software SPSS. 

Results 

Total 25 samples were obtained from Khewra salt mine 

and its surrounding. Samples were grown in 15% NaCl 

nutrient agar and 15% NaCl nutrient broth to obtain 

growth. 48% samples showed no growth while 52% 

growth samples were further processed and 

characterized (Fig. 1). Samples showing no growth were 

excluded from further processing.  

Morphological, Physiological and Biochemical 

characterization 

Halophilic bacteria, (AJS-21y) and (AJS-22) isolated 

from the Khewra salt mine, were characterized in terms 

of morphology and physiology. Biochemical 
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characterization of the isolates was also done. Colonies 

were shiny, big, and circular with entire margins for 

isolate AJS-21y and cells were Gram positive cocci 

while reddish yellow, mucoid, small, irregular, flat and 

undulate colonies were observed for isolate AJS-22 and 

cells were Gram positive rods. Isolate AJS-21y was 

oxidase and catalase positive while isolate AJS-22 was 

catalase and oxidase negative. 

 
Figure 1: Frequency of growth among samples (n=25) 

Isolates AJS-21y and AJS-22 were evaluated for 

growth at variable temperature ranges. At 10oC or 

temperatures lower than 10oC, no growth was observed. 

Isolates showed growth within the temperature range 

of 15oC-40oC (Fig. 2). It took 72 hours for isolates to 

give maximum growth at 37oC, which is a known 

regular time period for growth of halophiles. Isolates 

were also examined for growth at variable salt 

concentration (0-30%). Maximum growth of isolates, 

AJS-21Y and AJS-22, was obtained at 15% sodium 

chloride concentration. At 30% sodium chloride 

concentration, no growth was observed (Fig. 3). The 

growth of the isolates, AJS-21y and AJS-22, was 

checked at pH ranging from 6.0 to 9.0.  No growth was 

observed at pH 6.0 while both isolates showed growth 

at pH 6.5-9.0. pH 8.0 was found optimum for growth of 

both isolates (Fig. 4). 

 
Figure 2: Temperature range for the growth of isolates. Error 
bars indicate the standard deviation between the replicates. 

Molecular Characterization 

DNA was isolated and 16S rRNA gene of the isolates 

(AJS-21y and AJS-22) was amplified using 9F and 1510R 

primers. 16S rRNA gene was sequenced commercially. 

Phylogenetic analysis showed that isolate AJS-21y was 

98% identical to Salinicoccus roseus and isolate AJS-22 

was 99% similar to Piscibacillus species. Sequences of 

isolates AJS-21y and AJS-22 and sequences of their 

closely related species were aligned using ClustalW and 

MEGA 6.0 was used to construct phylogenetic tree of 

isolates and related organisms, which depicted that 

isolate AJS-21y was closely related to Salinicoccus 
roseus while isolateAJS-22 was closely related to 

Piscibacillus species (Fig. 5&6).  

 
Figure 3: NaCl range for the growth of isolates. Error bars 
indicate the standard deviation between the replicates. 

 
Figure 4: pH range for the growth of the isolates. Error bars 
indicate the standard deviation between the replicates. 

 
Figure 5: Phylogenetic analysis of isolate AJS-21y. The number at 
the branch nodes denotes bootstrap values (%) based on 1000 
replications. Scale bar represents 0.005 nucleotide substitutes 
per position. 
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Figure 6: Phylogenetic analysis of isolate AJS-22. The number at 
the branch nodes denotes bootstrap values (%) based on 1000 
replications. Scale bar represents 0.01 nucleotide substitutes per 
position. 

Antimicrobial susceptibility and Enzyme production 

Results of the antimicrobial susceptibility testing of the 

isolates revealed that the isolate AJS-22 was sensitive 

to all of the antibiotics tested while isolate AJS-21y was 

resistant against amikacine (Table 1). Enzyme 

screening of isolates (AJS-21y and AJS-22) for the 

production of extracellular protease, CMCase and 

amylase showed that both isolates AJS-21y and AJS-22 

gave positive results for amylase production but gave 

negative results for extracellular protease and CMCase. 

Antibiotic AJS-22 AJS-21y 

Co-amoxiclav (AMC) S S 

Ceftazidime (CAZ) S S 

Cefixime (CFM) S S 

Ampicillin (AMP) S S 

Penicillin (P) S S 

Ceftrioxone (CRO) S S 

Ciprofloxacin (CIP) S S 

Cefotaxime (CTX) S S 

Amikacine (AK) S R 

Vancomycin (VA) S S 

Gentamicin (CN) S S 

Linezolid (LZ) S S 

Oxacilline (FOX) S S 

Cefuroxime (CXM) S S 

S= sensitive; R= resistant 
Table 1: Antimicrobial susceptibility patterns of AJS-21y and 
AJS-22 to various antibiotics 

Discussion 

In the ongoing years, saline soils have received 

considerable attention because of the deficiency of 

arable land and the expanding need of rebuilding 

efforts of regions influenced by secondary saltiness 

[22]. Halophilic bacteria are abundant in hypersaline 

environment and possess an extraordinary 

biotechnological potential that can be utilized [23,24]. 

Twenty five different sites at Khewra salt mines and 

its vicinity were selected for sample collection (soil, 

rocks, water and salt drippings). Out of 25 samples, 

thirteen samples (52%) showed growth.Isolate AJS-21y 

formed shiny, big, and circular colonies while isolate 

AJS-22 formed reddish yellow, mucoid, small and 

irregular colonies. Cells of both isolates were Gram 

positive in nature. Studies have shown that 

Grampositive bacteria belonging to the genus Bacillus 

were largely found in saline habitats [25]. Pigmented 

colonies for the halophilic bacteria have been reported 

by various scientists.Colonial pigmentation of the 

halophilic bacteria isolated from Khewra salt mines 

included orange, yellow, red, cream colored, and white 

[26]. Sarwaret al. isolated 7Gram positive and 2 Gram 

negative bacteria from saline waters of Khewra salt 

mines [27].  

Isolates AJS-21y and AJS-22 showed optimum growth 

at 37oC while no growth was obtained below 15oC.This 

study is in accordance with the study of Akhtar et al. 
who reported 37ºC as the optimum temperature for the 

growth of halophilic isolates obtained from Khewra Salt 

mines [26]. In contrast, some halophilic bacterial 

strains isolated from rhizospheric and non-

rhizospheric soils of Khewra tolerated 4°C and some 

showed better growth at 42°C [28]. Roohiet al. isolated 

halophilic bacteria from the Karak Salt mines that 

showed optimal growth within a temperature range of 

28-37oC [29]. Halophilic bacteria isolated from the lake 

of Urmia showed growth within the temperature range 

of 25-35oC, that is close to the temperature range of 

halophilic bacteria isolated in this study [30]. 

Salinicoccus roseus strains showed growth within the 

temperature range of 20-45oC with optimal growth 

observed at 37oC [31].  

Isolates AJS-21y and AJS-22 showed growth within 

the NaCl range of (1-29%) with optimum growth 

observed at 15%. The halohilic bacteria isolated in this 

study showed growth up to 29% NaCl concentration 

which is more than the NaCl concentration reported for 

the growth of most of the halophilic bacteria from 

Khewra salt mines in the previous studies. Laraibet al. 
isolated halophilic bacteria from Khewra Salt mines 

that showed growth within the NaCl range of 3-15% 

[32] while study of Sarwaret al. and Mukhtaret al. 
reported NaCl range of 1.5–3.0 M for the growth of the 

halophilic isolatesfrom Khewra [27, 28]. Similar results 

were also obtained from Urmia Lake, where 

halophilicisolates grew at sodium chloride 

concentration (7-20%) [30]. Salinicoccus roseus strains 

depicted growth within the range of 5-15% (w/v) NaCl 

concentration with optimum growth observed at 10% 

for S. roseus rvscokh1 and 6% for S. roseus rsk1 [31]. 

Isolates AJS-21y and AJS-22 showed growth within 

the pH range of 6.5-9.0 with optimal growth at pH 8.0. 

This is in accordance to the findings of Mukhtaretal., 
who reported pH 8.0 as the optimum pH for the growth 
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of the most of the halophilicstrains isolated from 

Khewra salt mines while in contrast, some of the 

isolates showed growth at pH as low as 4.0 [28]. Bacillus 
megaterium CTBmeg1 showed growth within pH range 

of 7.0–9.0 [33]. Isolates obtained from Urmia Lake 

showed growth with variable pH range of 6.0-9.0 [30].  

Salinicoccus roseus strains showed growth within the 

pH range of 6.0-9.0 with optimal growth observed at pH 

7.4 [31]. 

16S rRNA gene analysis of isolates showed that AJS-

21y and AJS-22 were closely related to Salinococcus sp. 

and Piscibacillus sp., respectively. Presence of 

Salinococcus sp. in halophilic environments has also 

been reported by various scientists [31, 36]. 

Piscibacillushalophilus sp., was isolated from a 

hypersaline Iranian lake.It was a moderately halophilic 

bacterium that formed mucoid, flat, irregular colonies 

while the cells were Gram positive non-motile spore 

forming rods.  It was oxidase and catalase positive [22]. 

Salinicoccus roseus was a moderately halophilic non-

spore forming bacterium that formed circular colonies 

with Gram positive cells [37]. Salinococcus sp. and 

Picibacillus sp. obtained in this study were not reported 

in the previous studies conducted at Khewra salt mines. 

Previously, Bacillus megaterium, Bacillus tequilensis, 
Bacillus xiamenensis, Bacillus anthracis, 

Staphylococcus saprophyticus, Pseudomonas putida, 

Pseudomonas aeruginosa, Staphylococcus pasteuri, 
Halobacillus, Escherichia coli, Staphylococcus arlettae, 

Staphylococcus gallinarum and Kocuria sp. have been 

reported at Khewra Salt mines by different scientists 

[26-28, 37]. 

Isolate AJS-22 was found to be sensitive to all the 

antibiotics tested in this investigation while isolate 

AJS-21y was resistant against Amikacine. Kushneria 
pakistanensis NCCP-934T isolated from Karak salt 

Mines, Pakistan was found to be sensitive against 

Penicillin and resistant against Oxacillin [38] while 

Bacillus pakistanensis NCCP-168T also isolated from 

the Karak salt mines was sensitive against Oxacillin and 

resistant against Penicillin [39]. Shinde and Thombre 

found that marine halophilic isolates (RR2, RR3 and 

RR5) were sensitive to Gentamycin, while they were 

resistant to Ampicillin, Bacitracin, Ciprofloxacin, 

Chloramphenicol and Tetracycline. Isolate RR1 was 

sensitive to Novobiocin and Trimethoprim [23].  

Halophiles are rich sources of hydrolytic enzymes. 

Isolates were checked for the production of 

extracellular amylase, CMCase and protease. Isolates 

AJS-21y and AJS-22 gave extracellular production of 

amylase. Amylases are chief components of industries 

likefood, fermentation and pharmaceutical industries. 

Halophilic amylase offers an added potential of being 

salt tolerant. Production of protease, amylase, and 

cellulase/CMCasebyhalophilicisolates from Khewra salt 

mines have also been reported by different scientists 

[26, 28, 40]. Halophilic bacteria isolated from hyper 

saline lake in Tunisia produced amylase, protease and 

cellulase [41]. Salinicoccus roseus strain gave positive 

results for amylase production [31]. Halophilic strain 

LY9 isolated from soil samples collected from 

Yuncheng, China showed amylase activity [42]. 

Twenty-two halophilic strains isolated from Indian 

salterns produced amylase while twelve isolates 

produced cellulase and ten isolates produced protease 

[43]. 
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