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ABSTRACT  
 

The aim of the present study was isolation and identification of Bacillius subtilis using 16S rRNA 
from polluted water sources contaminated with lead. Also, its effect as bio-sorption of Lead was studied. 
The environmental conditions as incubation temperature and pH value were studied to estimate its 
effects on lead uptake. The minimum inhibitory concentration of Pb+2 was evaluated in the presence of 
B. subtilis (80 mg/l).  The maximum uptake percent of 70 mg/l Lead by living cells was achieved at 30º 
C in the presence of neutral medium that was 55.1%. However, the lowest uptake achieved at 10º C and 
pH 5. Heat treated bacteria has the capacity to contact and reduce Pb+2 ions in few minutes. It could be 
concluded that Bacillius subtilis had the ability to reduce lead toxicity under natural environment. 
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Introduction 
 

Heavy metals pollution in water bodies has became a major water quality issue in many fast-
growing cities over the last few decades (Akoto et al., 2014). This is because heavy metals pose threats 
to public water supplies and can also cause health hazard to human consumption of fish resources (Terra 
et al., 2007). Lead is non-essential and toxic heavy metals even in trace amounts because they cause 
oxidative stress by a formation of free radicals or replace essential metals in pigments or enzymes 
(Babel and Kurniawan, 2004). Bioremediation is the most promising biological processes for the 
treatment of contaminated water like fresh, ground or marine to remove the heavy metals and toxic 
matter (Senthilkumar et al., 2000 and Costa et al., 2001). And that involves the use of microorganisms 
to detoxify and degrade environmental contaminants (Malik, 2004 and de Lorenzo, 2008). Bacteria have 
been reported as efficient bio-sorbents for heavy metals due to their small size and ability to grow in a 
wide range of environments (Ghosh et al., 2015). 

The aim of the current investigation was to isolate and identify bacteria from polluted water by 
polymerase chain reaction test and evaluation of its effect as lead bioremediation.   
 
Material and Methods: 
 
Water sampling: 
 

Water samples collected from El Manzala Lake were put in sterilized bottles and kept in ice box 
until transferred to Central Laboratory for Aquaculture Research (CLAR) for bacterial isolation and 
analysis during 24 hours. Lead concentration in water was determined by atomic absorption 
spectrophotometer (Thermo ELECTRON CORPORATION S SERIES AA Spectrometer, England). 
APHA (2000). 

 
Isolation of Lead resistant bacteria:  
  

Serial dilutions (10-1 to 10-7) were prepared for water sample from El Manzala Lake. Different 
concentrations of Pb+2 were prepared and seeded separately into the sterile tryptone soya agar using 
pour plating technique, then incubated at 25 ºC for 48 hrs. 
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 Identification of Lead resistant bacteria: 
 

      All bacterial isolates which survived at sub lethal concentration of Pb+2  were purified using 
nutrient agar pure colonies that were identified morphologically and biochemically by the standard 
methods given in Bergey’s Manual of Determinative Bacteriology (Holt et al., 1994). 

 
Genetic identification using 16S rRNA gene:   
 

The partial sequencing of 16S rRNA gene sequence of the resistance strain was carried out 
commercially by DNA Sequencing Service, QIAamp DNA Mini Kits, Catalogue no.51304 using primer 
AAGTCGAGCGGACAGATGG and CCAGTTTCCAATGACCCTCCCC amplification occur 
through three stages secondary denaturation  at 94˚C for 30 sec,  annealing stage at  50˚C for 40 sec and  
extension at 72˚C for 45 sec according to Wattiau et al. (2001).   

  
 Minimum inhibitory concentration (MIC) of lead to B. subtilis: 
 

  Tryptic soya broth medium (10 ml) containing different concentrations of Lead acetate Tri-hydrate 
C4H6O4.Pb.3H2O, (II) as following (0.0, 68.7, 137.5, 206.1, 274.8, 343.3, 411.9, 480.6, 480.6, 549.6, 
618.6, 183.6, 201.3, 219.7, 338.5 mg/l.) were inoculated with 0.1 ml of previously identified isolate of 
B. subtilis (24 hr. old) in 25 ml test tube in three replicates. They were incubated for 24 hrs at 35 ºC. 
The growth of bacteria in absence or presence at different concentrations of Lead acetate was measured 
by the spectrophotometer as optical density at 600 nm according to APHA (2000). 
 
 Effect of incubation temperature on Lead bioremediation: 
 

  0.1ml B. subtilis suspension was inoculated in 25 ml test tube each contain 10 ml of tryptic soya 
broth medium at pH 7 supplemented with  concentration of 70 mg/l of Pb+2 and then incubated at 
different temperatures ( 10, 15, 25, 30, 35 and 40 ºC) for 24 hrs. Lead concentration was determined by 
atomic absorption spectrophotometer (Thermo ELECTRON CORPORATION S SERIES AA 
Spectrometer, England) APHA (2000). 

 
Effect of pH values on lead bioremediation: 
 

    0.1 ml of B. subtilis were inoculated in 25 ml test tube each contain 10 ml of tryptic soya broth 
medium at different buffering basal broth medium with different pH (5, 6, 7, 8 and 9), the buffering 
solutions were obtained by using HCl and NaOH buffering solutions which supplemented with 
concentration of 70 mg/l of Pb+2 then incubated at 35ºC for 24 hrs. Lead concentration was determined 
by atomic absorption spectrophotometer (Thermo ELECTRON CORPORATION S SERIES AA 
Spectrometer, England). APHA (2000). 

 
Uptake of Pb+2 by cells of dead B. subtilis: 

 
   one ml of heat treated B. subtilis cells at 80ºC for 20 min was inoculated in 25 ml test tube each 

contain 10 ml of tryptic soya broth medium supplemented with concentration of 30 mg/l Pb+2, then 
incubated under shaking condition and 35ºC for different periods (10, 20, 60 and 90 min) . After 
incubation, Pb+2 concentrations were measured by colorimetric Spectrophotometer and atomic 
absorption spectrophotometer.  

 
Statistical analysis: 
 

Recorded data were subjected to the statistical analysis of variance by using one-way analysis of 
variance (ANOVA). It was performed according to Murray, (1975).   
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Results and Discussion 

Isolation and identification of resistance bacteria to lead toxicity:  
 

About 26 different bacterial isolates resistant to Pb+2 were isolated from in El Manzala Lake. These 
bacterial isolates were identified as 16 isolates, they were Gram-positive and 10 Gram-negative (Table 
1). One of them was selected and identified as Bacillius subtilis according to morphologically as 
(irregular, large, Undulate (wavy), umbonate white and rough colony on Tryptic soya agar) and 
biochemically as  gram-positive, Catalase positive, produce acetone from Voges- prokauer , Indol 
negative, fermentative,  utilize citrate and  reduce nitrate and produce acid for D-Glucose , L-Arabinose, 
D-Xylose, D-Mannitol, D-Fructose, D-Maltose, Sucrose and non –fermented D-Lactose. Then 
confirmed genetically using 16S rRNA and gave one band at 595 bp (Table 2) and (Fig. 1). 
 
Table 1: Morphologically and biochemical tests used for identification of B. subtilis. 

Characteristics B. subtilius 

Colony on agar irregular, large 

shape and size: Undulate(wavy), 

Margin: Umbonate white, 

Elevation: dull dry or (rough) 

Color:  

Texture:  

Gram stain + ve 

Catalase test + ve 

Voges- prokauer test + ve 

O/F test fermentative 

Acid form:  

D-Glucose +ve 

L-Arabinose + ve 

D-Xylose +ve 

D-Mannitol +ve 

D-Fructose +ve 

D-Maltose +ve 

D-Lactose -ve 

Sucrose +ve 

Utilization of citrate +ve 

Nitrate reduction  +ve 

Hydrolysis of gelatin +ve 

Hydrolysis of starch +ve 

Hydrolysis of casein +ve 

Production of H2S +ve 

Oxidase Variable 

Indole  -ve 

Citrate +ve 

KOH -ve 

Urease -ve 

Methyle red -ve 
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Fig. 1: Bacillus subtilis 16SRNA gave band at 595 bp. 4- Marker a leader ranged from 100 to 600 bp 3- positive 

sample of B. Subtilis (2) negative sample and 1- the examined sample (595bp). 

 

Minimal Inhibition Concentration of Lead inhibit B. subtilis growth  
 

Figure (2) showing the growth rate of B. Subtilius which decreased by increasing Pb+2 
concentrations, the minimum inhibitory concentration of Pb+2 for B. subtilis growth was 80 ppm. 
Similarly to Vijayadeep and Sastry (2014), who founded that bacterial growth decreased by increasing 
heavy metal concentrations. Also, Oves et al., (2013) revealed that percentage of removal of Pb ions by 
B. thuringiensis OSM29 was 90.6 % at 25 ppm of Lead and decreased to be 74.2 % at 150 ppm. García 
et al. (2016) showed that the growth of Bacillius C13 strain in the presence of 50 ppm Lead slightly 
longer lag phase compared to media without Lead. This occurs due to the denaturation and inactivation 
of enzymes and distribution of cellular and organelle integrity (Blackwell et al., 1995). 

 
 Effect of environmental conditions on biosorption of Lead and B. subtilis growth: 
 
Temperature: 
 

The obtained result is illustrated in Figure (3 and 4). The results indicated that the optimum 
growth of B. subtilis and its ability of reducing Pb+2 at 30ºC. The optimal growth of B. subtilis was 
45.1%. The minimum percent of Lead uptake was 0.3% achieved at 10ºC. This agree with most of the 
literature determined the optimum temperature for heavy metal sorption between 20 and 35 °C (Oves 
et al., 2013).  It was noticed from the present study that the growth of these bacteria and removal of  
Lead ions decreased at 10ºC and 40ºC,  as a result of enzyme denaturation and organisms either die or 
become less active (Trasar-Cepedaet al., 2007). García et al., (2016) revealed that maximum 
remediation of Pb by Bacillus sp. (C13 and C16) at 27±1C. Ewida (2003) founded that optimum 
temperature at which the tested species could be removed differ from group to other group, whereas B. 
cereus and Blicheniformis achieved maximum removal capacity for Pb at 25ºC. 
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Fig. 2: Effect of Pb+2 concentrations on the Bacillus subtilis   growth. 

 

Fig. 3: Effect of different incubation temperature (ºC) on Bacillus subtilis growth at pH 7 and incubated for 24 hs.  
 

 

 
Fig. 4: Effect of different incubation temperature (ºC) on Pb+2 uptaking by Bacillus subtilis at pH 7 and incubated 

for 24 hs.   
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pH value: 
 
       The pH is an important parameter, which affects the degree of ionization and the surface functional 
groups of the bacterial cell wall (Long et al., 2014). Figure (5 and 6) illustrate that the growth rate of 
Bacillus subtilius and uptaking of Pb+2 ions by at 70 mg/l at 35ºC and at different pH value. The 
maximum uptake of Lead ions was 55.1% and the optimum growth rate of B. subtilius was 0.498 
achieved at pH 7. However minimum growth rate of B. subtilius at optical density 0.020 and percent of 
uptake of Lead was 2.81% at pH 5. Similar observation was noticed by García et al., 2016 who reported 
that the optimum adsorption of Pb and Cd for the isolated strain Bacillus sp. (C13 and C16) at pH range 
of (7 to 10) and decreased at acidity pH.  The result can be explained on the basis of increasing in H+ 
ion concentration which, changing in pH value effects on the solubility of the metal ions in the solution, 
where H+ ions replace some of the positive ions from the biomass surface (Vázquez, 2005). Also, at 
low pH values, the binding sites of the cell wall are blocked and associated with hydrogen ions that 
hinder the access of metal cations due to repulsive forces to the surface functional groups (Aryal and 
Liakopoulou-Kyriakides 2015). On contrast Ok et al., (2007) reported that most of the living organisms 
have been shown to biosorb heavy metals at a low pH, due to their physiological properties. 
 

 
Fig. 5: Effect of different pH values on Bacillus subtilis growth at 35 ºC for 24 hrs. 

 

 
Fig. 6: Effect of different pH values on Pb+2 uptaking by Bacillus subtilis of at 35 ºC and incubated for 

24 hrs. 
 
Uptake of Pb+2 by dead B. subtilis cells 
 
       Not only the living cells had the ability to uptake heavy metal ions, but also, dead cell was able to 
reduce lead concentration. Figure (7) show that the maximum uptake of Pb ions by dead B. sutillus 
biomass was (14.7%) after 30 mints. Our results agreement with (Kamika and Momba 2013) who 
revealed that dead Bacillus licheniformis has ability to remove not more than 25% of heavy metals as 
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Pb. Gabr et al., (2008) recorded that the sorption capacity of non-living cells of Pseudomonas 
aeruginosa ASU 6a biomass for Pb +2 was 79 mg/g. Also, dead cells of Pseudomonas putida were used 
for the biosorption of Pb+2 (Uslu et al., 2006). The biosorption by non-living bacteria occur very rapidly 
through only few minutes because non-living biomass behaves as an ion exchanger and not required 
time or nutrients for the growth of bacteria (Ahluwalia and Goyal, 2007). 
   

 
Fig. 7: Effect of different incubation times (minutes) on Lead uptakes by dead Bacillius subtilis 

Conclusion 
 
     Bacillus subtilis had the ability to resist toxicity of Pb+2 ions till 80 ppm and it can be removed from 
solution successfully. The optimum uptake of B. subtilis to Lead was at pH 7 and 30ºC, also dead cells 
of B. subtilis able to reduce Pb+2 concentrations through few minutes. 
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