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                A new indigenous soil phenol-degrading bacterium strain S2 

was successfully isolated from Oum ghellaz lake shore soil in Oran in  

Algeria. Based on its morphological, physiological and biochemical 

characteristics, the strain S2 was characterized as a Gram-positive, 

facultatively anaerobic, forms endospores, and short rod-shaped bacterium 

that utilizes phenol as a sole carbon and energy source also other phenolic 

compounds. 16SrDNA sequence analysis revealed that this strain is 

belongs to Niallia nealsonii in the group of firmicutes. The strain was 

efficient in removing 91.6% of the initial 500 mg.L
-1

phenol within 48 h 

and had a tolerance of phenol concentration as high as 1500 mg.L
-1

. These 

results indicated that Niallia nealsonii has promising bioremediation 

potential. 

 

INTRODUCTION 

               Phenolic compounds are organic pollutants that are very harmful to both humans 

and the environment. Indeed, some of them can be highly toxic due to their mutagenic and/or 

carcinogenic properties (Das et al., 2011). Phenols are produced annually at a rate of 7 

million tons in the world. They are discharged by various industries such as oil refineries, 

coking plants, pharmaceutical industry , chemical industry, etc. (Senthilvelan et al., 2014). 

Due to its high water solubility, phenol in wastewater reaches downstream water sources 

and can harm life in aquatic environments (Deng et al., 2018). Due to the limits of 

physicochemical treatment which are costly, non-ecological, complex, and can lead to the 

destruction of the texture, the characteristics of the soil, of the waters, bioremediation by 

using microorganisms is recognized as a valuable alternative for detoxification and 

elimination of the toxic substance, due to their cost-effectiveness, respect for the 

environment and their technological simplicity (Ren et al., 2017).it is an evolutionary 

method for the removal and degradation of many environmental pollutants, including 

phenols.  

 

about:blank
mailto:vetokadi@yahoo.fr


Maghnia Djamila et al. 502 

    

              Many phenol-degrading 

microorganisms, including bacteria, yeast 

and algae have been isolated from 

environment, among which the bacteria are 

studied extensively, like pseudomonas 

putida (Kumar et al., 2005), Burkholderia 

sp. (Arora and Jain, 2012), Kocuria sp. (Wu 

et al., 2018), Acinetobacter sp. (Jiang et al., 

2013; Iqbal et al., 2018), Arthrobacter sp. 

(Wong et al., 2015), Bacillus sp. (Banerjee 

and Ghoshal, 2010; Hasan and Jabeen, 

2015; Iqbal et al., 2018), Halomonas sp. 

(Haddadi and Shavandi, 2013), 

Pseudomonas aeruginosa (Hasan et al., 

2015), Citrobacter sp. (Deng et al., 2018), 

Raoultella sp (Jayachandran K et al.,2018 

)et Pseudomonas sp. ATR208 (Sepehr et al., 

2019). However, there is no information 

available regarding phenol degradation 

activity within the genus Niallia. This paper 

describes the isolation and identification of 

a novel phenol-degrading Gram-positive 

bacterium of Niallia species Oum ghellaz 

lake shore soil in Oran in  Algeria and to 

determine the kinetics of biodegradation. 

MATERIALS AND METHODS 

Chemicals, Media and Soil  Sample:  

              All chemicals used were analytical 

reagents. The minimal salt media (MSM) 

and Luria-Bertani (LB) media were used in 

this study. The MSM contained KH2PO4 

0.5 g, K2HPO4 0.5 g, CaCl2 0.1 g, NaCl 0.2 

g, MgSO4 ̈ 7H2O 0.5 g, MnSO4 ̈ 7H2O 0.01 

g, FeSO4 ̈ 7H2O 0.01 g, NH4NO3 1.0 g per 

liter. The LB media was composed of 

tryptone 10 g, yeast extract 5 g and NaCl 5 

g per liter. Deionized, distilled water was 

used for the experiments. The soil samples 

were collected from Oum ghellaz lake shore 

soil in Oran in  Algeria by carefully scraping 

the soil using a sterile spatula. The soil was 

sieved under aseptic conditions to a particle 

size of approximately 2–4 mm, and then 10g 

of soil was added to 90ml of  mineral salts 

medium  (MSM) for enrichment culture. 

Isolation and Enrichment of Aerobic 

Bacteria That Degrade Phenol:The 

sample was collected from Oum ghellaz 

lake shore soil in the north of Algeria  , 10 g 

of soil was inoculated into flasks containing 

90 ml of MSM for the enrichment culture. 

Phenol was supplemented in the media as 

the sole carbon source, and the various 

concentrations of phenol were 200, 500, 

800, 1100, 1400 and 1700 mg.L
-1

. The 

enriched culture observed with more 

biomass (in the flask with 500 mg.L
-

1
phenol) was further transferred into a 

freshly prepared enrichment media with 

higher concentrations of phenol (increased 

from 500 mg.L
-1

to 1500 mg.L
-1

). The final 

enriched media were diluted serially and 

spread on LB agar plates supplemented with 

phenol (500 mg.L
-1

). The plates were 

incubated at 30°C and single colonies with 

morphological differences were selected 

and streaked on new plates. The resulting 

isolates were stored at 4°C for further study. 

              To test the ability of the isolate to 

use other phenolic compounds as a sole 

source of carbon and energy,  the strain S2 

was spread onto MSM plates and the carbon 

source was supplemented via vapor phase 

by adding it to the sterile Eppendorf plastic 

tip (50 μl) and placing the tip in the lid of the 

Petri dish. After 2–4 days of incubation at 30 

°C, the plates were screened for the presence 

of colonies. Growth was confirmed by 

comparison with control plates without 

substrate and 20 mM glucose as carbon 

source, respectively. (Djokic, 2011) 

 Taxonomic Identification and 

Characterization of Phenol degrading 

Bacteria:  

              One strain capable of achieving 

high biomass yields with phenol as a sole 

carbon and energy source was selected for 

further phenotypically characterization. The 

morphological properties of the isolated 

colonies were observed by optical 

microscopy. The typical physiological and 

biochemical characteristics of the phenol-

degrading bacteria strains, such as Gram’s 

staining, motility, starch hydrolysis, and 

gelatinase   (kloos  et  al., 1974  )   were  
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systematically performed according to 

Bergey’s manual of determinative of 

bacteriology (Holt et al.,1998 )  Indole test, 

methyl red test was also analyzed (Zeinat et 

al., 2008)   

              This strain was also identified by 

sequence analysis of 16S rRNA genes. The 

genomic DNA of bacterial strains was 

extracted by using the Promega Genomic 

DNA Extraction kit. The quantity and the 

quality of DNA extracts are monitored by 

the NanoDrop spectrophotometer (thermo 

scientific, USA ). The extracted DNA was 

used as a template to amplify bacterial 16Sr 

DNA with universal primers 

27Fand1492R(5′-

AGAGTTTGATCMTGGCTCAG-3′) and 

1392R (5′-ACGGGCGGTGTGTGTRC-3′) 

with a Biorad cycler thermo- cycler (Biorad, 

USA). The amplification PCR was 

performed under the following conditions: 

An initial denaturation step of 5 min at 94°C 

was conducted, followed by 35 cycles of 94 

°C for 30 s, 55°C for 45 s and 72 °C for 90s. 

The procedure was completed with a final 

elongation step at 72 °C for 10 min. The 

PCR products were sequenced and the 

sequences were compared with bacterial 

16Sr DNA sequences in GenBank (National 

Centre for Biotechnology Information, 

Rockville Pike, Bethesda, MD), 

(http://www.ncbi.nlm.nih.gov/) (http:// 

blast.ncbi. nlm.nih.gov/Blast.cgi). (Altschul 

S.F et al ., 1997) were constructed using the 

Molecular Evolutionary Genetics Analysis 

(MEGA version 6) (Tamura. K et al., 2011). 

The reliability of phylogenetic 

reconstructions was estimated through 

bootstrap analysis (1000 replicates).  

Phenol Degradation:  

                The culture of strain was prepared 

and adjusted to an optical density at 600 nm 

(OD600) of 1.0, then the final concentration 

of 2% (v/v) inoculums was inoculated into 

the flasks containing MSM media with 

phenol as sole carbon source ( katarzyna. H 

et al .,2012) the range of phenol 

concentrations was increased from 100 to 

1500 mg·L−1. The flasks were incubated at 

30 °C with 150 rpm for 3 days. Samples 

were collected periodically to measure the 

biomass and the phenol degradation. The 

biomass contents were monitored 

spectrophotometrically by measuring 

absorbance at 600 nm. The phenol 

concentrations were determined by using 4- 

amino antipyrine in the colorimetric assay, 

according to standard methods reported by 

(APHA .,2005).  

RESULTS AND DISCUSSION 

Isolation and Characterization of Phenol-

Degrading Strains:  

              After three weeks of enrichment 

and one week of strain isolation, a total of 

10 isolates were obtained after 24 h growth 

on the LB agar plates with 100 μL of a 10
-5

–

10
-6

fold dilution of enrichment culture. All 

these stains utilized phenol as the sole 

carbon source and energy, and 1 of the 10 

isolates exhibited more growth in phenol-

containing media than the others. The 

outstanding isolate was named S2 and was 

applied in the following study. The selected 

strain was tested for its ability to grow on a 

range of additional 10 phenolic substrates as 

the sole source of carbon and energy on a 

solid MSM medium (Table 1). These 

substrates included o-crésol , m- crésol etc 

..The isolate S2  were capable of degrading 

8 aromatic compounds, including o-crésol , 

m- crésol , p-crésol , 3,4-DMP, 

Ethylbenzène ,benzene, toluene, Xylène 

(Table 1). 
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Table 1:Capability of isolate S2 to use different phenolic compounds. 

 
Good growth (+) Moderate growth (+/-) No growth (-), PSA: Pseusomonas  aeruginosa ATTC 27853 and 

PSP: Pseudomonas putida  ATTC12633. 

             

               The strain S2  was a gram-positive, 

short rod-shaped bacterium, facultatively 

anaerobic and forms endospores, colonies 

on LB agar are irregular, rough, umbonate 

with undulate edges and beige in colour. The 

biochemical characteristics of strain S2 

were determined, and biochemical tests 

showed that Catalase is produced, but 

oxidase, arginine dihydrolase, lysine and 

ornithine decarboxylases, uree and indol are 

not. (Table 2), This strain could grow at 

temperatures range of 30 °C –45 °C and a 

wide range of pH 5–11. The optimum 

growth was at the condition of 30°C -35°C.

 

                 Table 2: Morphological and biochemical characteristics of S2 strain. 

 
 

               

              The 16S rRNA gene sequences of 

S2 were sequenced and used to construct a 

phylogenetic tree for further analysis. The 

partial sequence of 16S rRNA gene was a 

continuous stretch of 1180 bp. The 

similarities between the S2 sequence and the 

bacterial sequences deposited in the 

GenBank databases were calculated, and the 

S2 sequence showed 100% similarity to that 

of Niallia nealsonii strain MMAPL-X 1 

previously named Bacillus nealsonii. The 

phylogenetic analysis revealed that the 

strain was classified in the Niallia genera, 

which belongs to the family of Bacillacea 



A novel Niallia nealsonii Bacteria Degrading Phenol Isolated From Oum Ghellaz Lake 

 

505 

from the order Bacillales. Based on 

neighbor-joining methods, a phylogenetic 

tree was constructed which indicated that 

the closest relative of strain S2 was Niallia 

nealsonii (Fig. 1). Therefore,  the strain S2 

was identified and affiliated to  Niallia 

nealsonii. 1,393 bp. The obtained sequence 

was deposited in the Gene-Bank with 

accession number OQ428241.  

 
 

Fig. 1 Phylogenetic relationship based on the 16S rRNA gene sequences of strain S2 and 

related organisms from the GenBank database. Bootstrap values were calculated from 1000 

replications of Kimura 2.- parameter, and bootstrap values higher than 70% were shown. 

the scale bar represents 0,002 changes per sequence position. 

 

              

               Extensive biodegradation studies 

have described the effectiveness of bacillus 

species in removing many environmental 

pollutants from contaminated sites including 

Bacillus brevis (Arutchelvan et al., 2006), 

Bacillus cereus (Banerjee and Ghoshal, 

2010), Bacillus stearothermophilus (Dong 

et al., 1992; Gurujey- alakshmi and Oriel, 

1989) and Bacillus subtilis (Tam et al., 

2006). Banerjee et al. (2010) isolated two 

Bacillus strains from the oil refinery and 

exploration sites which could grow on 

phenol (1000 mg.L
-1

). Nevertheless, no 

studies have been reported on Nialiia 

nealsonii degrading phenol or aromatic 

compounds. 

           The isolation of native microbial 

species from locally polluted environments 

has been reported to be more adaptive and 

efficient than the biodegradation of non-

indigenous microorganisms. Therefore, the 

isolation of new phenol-degrading bacteria 

is recommended for the bioremediation of 

phenol-contaminated sites in various 

regions (Liu et al., 2016). 

The Phenol Biodegradation by S2 Niallia 

nealsonii : 

             The phenol-degradation 

characteristics and biomass of S2 Niallia 

nealsoniiat various initial concentrations of 

phenol (100–1500 mg.L
-1

) were determined 

by monitoring phenol concentration cell 

growth at OD600 periodically. The 

maximum biomass and degradation of 

phenol were observed at the initial phenol 

concentration of 500 mg.L
-1

 (Fig.2). An 

inhibitory effect showed that the biomass 

growth and the degradation of phenol 

declined with the elevated initial phenol 

concentration higher than 500 mg. L-1. The 

removal rates of phenol were above 79% at 

the initial phenol concentration ranging 
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from 200 to 600 mg. L-1. When the initial 

phenol concentration was higher than 1500 

mg, there was no growth of bacteria. L-1. 

The strain could grow on phenol up to a 

concentration of 1000 mg. L-1 with a 

degradation rate of 40%. 

 
Fig. 2: Profile of bacterial cell growth and phenol degradation at various initial 

concentrations. 

             

               The effects of factors such pH 

values and temperature on the degradation 

were investigated. bacterial strain could 

grow within a range of pH 5–11 (Fig. 3a), 

and the degradation of phenol was above 

75% in the range of pH 7–9. The optimum 

pH for phenol degradation was 7.0. These 

results showed that the bacterial growth of 

strain S2 and the degradation of phenol 

(above 70%) were favored at temperatures 

of 30°C –35°C (Fig 3b). The biomass and 

phenol degradation reached the maximal 

values at a temperature of 30 °C. On the 

contrary, the phenol degradation declined 

sharply when the temperature reached 40°C 

and over. Therefore, the optimal 

temperature for the growth of strain S2 was 

30°C. These growth conditions of Niallia 

nealsonii.S2 for phenol degradation were 

similar to those of Bacillus species Strain 

Bacillus sp.

 

 
Fig. 3: Effect of pH and temperature on phenol biodegradation (initial phenol concentration 

500 mg∙L−1). (a) Effect of pH on the removal of phenol; (b) effect of temperature on the 

removal of phenol. 
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             PS11 was isolated and characterized 

as a strain that utilizes a high amount of 

phenol (up to 1400 mg.L
-1

) in liquid culture 

without apparent inhibition of growth and it 

performed well in the initial soil microcosm 

experiment have been reported by  Djokic  

(2011).  

             Several Bacillus strains have been 

recognized to grow by using phenol as the 

sole carbon and Several energy sources. 

However, no study has been done on the 

biodegradation of phenol by Niallia species. 

In our study, the inhibition limit of strain 

Niallia nealsonii was as high as the phenol 

concentration of 1500 mg.L
-1

. 

CONCLUSION  

                In conclusion, a novel bacterial 

strain capable of degrading phenol was 

isolated from Oum ghellaz lake shore soil in 

Oran in  Algeriaand it was identified as 

Niallia nealsonii S2  based on the 16S rDNA 

sequence and the phylogenetic analysis. 

Niallia nealsonii S2  has the ability to grow 

in a liquid medium with phenol at different 

concentrations as the sole carbon and energy 

and to use other phenolic compounds as 

substrates (including o-crésol, m- crésol, p-

crésol, 3,4-DMP, Ethylbenzène, benzene, 

toluene, Xylène)  

             The strain was able to degrade 80% 

of the initial 500 mg∙L−1 phenol and grow 

at the phenol concentration of as high as 

1500 mg∙L−1. The optimal growth 

conditions for phenol degradation of strain 

were at 30 °C and pH 7.0. Regarding that 

native microbial species were more adaptive 

than non-indigenous microorganisms in 

polluted environments, their predominance 

facilitated the bioremediation of the phenol-

contaminated environments. Niallia 

nealsonii S2  isolated may be applied for the 

bioremediation of the phenol-contaminated 

environments in Algeria. 
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