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Effect of some environmental factors on the tolerance of Bacillus 

subtilis to heavy metals 
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كلية العلوم جامعة بغداد احياء مجهرية/ /قسم علوم الحياة   

Abstract 
 Twelve isolates of bacteria were obtained from samples of different soils 

and water amended with 100μg/ml of five heavy metals chlorides (i.e: Aluminum 

Al+2, Iron Fe+2, Lead Pb+2, Mercury Hg+2 and Zinc Zn+2). Four isolates were 

identified as Bacillus subtilis and B. subtilis (B2) isolate was selected for this study 

according to their resistance to all five heavy metals chlorides. The ability of B. 

subtilis (B2) isolate for growing in different concentration of heavy metals 

chlorides ranging from 200-1200 μg/ml was tested. The highest conc. that B. 

subtilis (B2) isolate tolerate was 1000 μg/ml for Al+2, Fe+2, Pb+2, and Zn+2and 300 

μg/ml for Hg+2 for 24hour.The effect of heavy metals chlorides on bacterial growth 

for 72 hrs was studied. B. subtilis (B2) isolate had not affected by presence of pbCl2 

FeCl2and AlCl2 in growth media. However, it was slightly affected by ZnCl2 during 

incubation period while mercury causes no bacterial growth. The effect of 

temperature on bacterial growth in media with heavy metals was studied.  B. 

subtilis (B2) isolate showed growth in temp. range (30 - 50) ºC with the present of 

the four heavy metals chlorides Al+2, Fe+2, Pb+2and Zn+2 while there are no growth 

in the presence of Hg+2 at all temperatures.  The effect of different pH values on 

growth of B. subtilis (B2) isolate in media with heavy metals was studied.  

Results showed the ability of B2 isolate for  growing in different pH values 4,7,9 

with presence of the four heavy metals chlorides Al+2, Fe+2, Pb+2and Zn+2 in all pH 

values at conc. 1000 μg/ml and unability for growing in media with 300 μg/ml 

Hg+2. The ability of B. subtilis (B2) isolate for removal of heavy metals chlorides 

was studied and showed that the highest Zn+2 removal ratios 75% then Fe+2removal 

ratio 71% while Pb+2 has the lowest removal ratio 37%.   

Introduction  
 Heavy metal pollution of soil and wastewater is a significant environmental 

problem [1]. Wastewaters from the industries and sewage sludge applications have 

permanent toxic effects to human and the environment [2]. There is a lot of heavy 

metal in our environment: cadmium, chromium, cobalt, copper, lead, mercury, etc. 

Interestingly, small amounts of these elements are common in our environment and 

are actually necessary for good health, but large amounts of any of them may cause 

acute or chronic toxicity. In small quantities, certain heavy metals are nutritionally 

essential for a healthy life but they become toxic when they are not metabolized by 

the body and accumulate in the soft tissues [3]. Removal of excesses of heavy metal 

ions from wastewaters is essential due to their extreme toxicity towards aquatic life 

and humans [4]. Toxicity of these heavy metals occurs through the displacement of 

essential metals from their native binding sites or through ligand interactions. Also, 

toxicity can occur as a result of alterations in the conformational structure of the 

nucleic acids and proteins and interference with oxidative phosphorylation and 

osmotic balance [5].  
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 Several methods are proposed for the removal and recovery of heavy metal 

ions from water. It includes evaporation, electro-deposition, ion-exchange, 

precipitation, flocculation, sorption, etc. These methods have a number of 

disadvantages like higher operational cost, high energy consumption, additional 

requirement of chemicals and complicated residual metal sludge disposal 

techniques. Due to the towering costs involved in these processes, the uses of 

micro-organisms have received considerable attention. In recent years, bacteria, 

fungi and algae are generally used as biomass [6]. Different genus of Bacillus, 

Aspergillus, Pseudomonas, etc., has been reported as efficient heavy metals 

reducers. The bacterial biomass is capable of removing heavy metals with the active 

participation of several anionic functional groups present in the bacteria [7].  

 The objectives of this study are to determine maximum tolerable 

concentration (MTC) of some heavy metals of Bacillus subtilis, growth studies, and 

investigation the biosorption of metal ion (Pb+2, Fe+2, Zn+2) from aqueous solution 

onto B. subtilis.  

 

Materials and methods 
Media & solutions  

Heavy metals stock solutions: stock solutions were prepared in a concentration 

of10000 μg/ml by dissolving the following heavy metals chlorides: (i.e: Aluminum 

Al+2, Iron Fe+2, Lead Pb+2, Mercury Hg+2 and Zinc Zn+2) in distilled water.  

Nutrient agar and broth: It was prepared and sterilized by autoclaving at 121 °C 

for 15 min. Different concentrations (200-1200 μg/ml) of the heavy metals were 

supplied into the medium after cooling to 50°C. 

Samples collection  
 A total of ten samples of soil and water were collected in sterile plastic bags 

and bottles. 

Isolation and identification of heavy metal resistant Bacillus subtilis 

 For the selective isolation of heavy metals resistant B. subtilis, heavy metals 

incorporated media were used. Basal media nutrient agar incorporated with heavy 

metals like Al+2, Fe+2, Zn+2, Pb+2, and Hg+2 were prepared separately. The 

concentration of each heavy metal was maintained at 100 μg/ml of the medium. 

Soil samples were sterilized and then diluted from 10-1-10-3 while water samples 

were directly streaked on these media after sterilizing in order to kill vegetative cells 

and incubated at 37°C for 24-48 hours. After the incubation period the plates were 

observed for any kind of growth on the media. The isolated and distinct colonies on 

these selective media were subcultured separately on the same media for identify 

there resistance to all heavy metals. The pure culture was identified on the basis of 

their morphology and biochemical characters [8].  

Preservation of B. subtilis  

 Pure culture of B. subtilis isolates were stabbed into nutrient agar then 

incubated at 37°C and stored in dark place at room temperature [9]. 

Determination of Maximum Tolerable Concentration (MTC)  
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 MTC of the heavy metal resistant B. subtilis isolate grown on heavy metals 

incorporated media, against respective heavy metal was determined by gradually 

increasing the concentration of the heavy metal salts 100 μg/ml each time on 

nutrient agar plate. The starting concentration used was 100μg/ml. The culture 

growing on the last concentration was transferred to the higher concentration by 

streaking on the plate. The maximum concentration of metal in the medium which 

support the growth was taken as MTC [10]. 

Effect of heavy metals on B. subtilis growth 
 The heavy metal resistant  B. subtilis isolate (OD 0.2 at 600nm)was 

inoculated into 50ml of nutrient broth incorporated with MTC of heavy metals 

chloride (1000μg/ml) for Al+2, Fe+2, Zn+2, Pb+2 and (300μg/ml) for Hg+2 and 

incubated at 37ºC for 3 days. Medium without metal but with bacterial inoculum 

(bacterial growth control) and medium with metal but without bacteria (abiotic 

control) [11]. Bacterial number was counted every 24 hours using dilution to 

extinction method [12benson]; also bacterial growth was measured in terms of 

optical density at 600 nm using Spectrophotometer every 24 hrs for 3 days 

Effect of temperature on B. subtilis resistance isolate to heavy metals 
 The heavy metal resistant B. subtilis isolate was inoculated into 50ml of 

nutrient broth incorporated with different heavy metals chloride as mentioned 

above and incubated at different temperature; (30, 37 and 50 ºC) for24 hrs. At the 

end of incubation period bacterial number was measured using dilution to 

extinction method [12benson] 

Effect of pH on B. subtilis resistance isolate to heavy metals 

 The heavy metal resistant  B. subtilis isolate was inoculated into 50ml of 

nutrient broth incorporated with different heavy metals chloride prepared at 

different pH values (4, 7 and 9); and incubated at 37 ºC for24 hrs. Bacterial number 

was measured using dilution to extinction method [12benson]. 

Removal of heavy metals ions by B. subtilis 
  B. subtilis isolate was grown in nutrient broth medium for 24hrs. Cells were 

separated by centrifugation at 6000rpm for 15min and washed three times in normal 

saline. 100ml from heavy metal solution at a concentration of (150 μg/ml) like Fe+2, 

Zn+2 and Pb+2 that prepared separately was taken in 250ml flasks. Harvested cells 

were transferred to the metal solutions and incubated for 2 h at 37 ºC. Solutions 

were centrifuged at 6000rpm for 15min, the concentrations of three heavy metals 

Fe+2, Zn+2 and Pb+2 were measured by atomic absorption spectrophotometer [13].  

Removal of ions with bacterial cells was calculated as ratio of ions removal %. 

R (%) = (C0 – C1) / C0 x 100   

Where R = Removal Ratio (%); C0= concentration of heavy metals ions in the 

original solution (μg/ml) and C1 = concentration of heavy metals ions in the treated 

solution (μg/ml) [14].  

 

Results and discussions 
Isolation and identification of heavy metals resistant B. subtilis isolate  



 2012سنة  4العدد 17مجلة القادسية للعلوم الصرفة المجلد 

 

41 

 

 Twelve isolates were selected after direct isolating on nutrient agar amended 

with 100μg/ml of heavy metals chlorides Al+2, Fe+2, Zn+2, Pb+2, and Hg+2 depending 

on their highly resistance to the majority of heavy metals chlorides from these 

isolates, four isolates were identified as B. subtilis depending on morphological and 

biochemical characteristics [15] (Table 1).  

Table1: Biochemical tests of B. subtilis 

Test Result 

Gram stain + 

Cell shape Rod 

Catalase + 

Voges-Proskauer + 

Indole - 

Starch hydrolysis + 

Nitrate reduction + 

Motility + 

Citrate utilization + 

Lecithinase - 

Glucose fermentation + 

Lactose fermentation  - 

Mannitol fermentation + 
                                   (+) positive result   (–) negative result 

 B. subtilis isolates varied in their resistance to heavy metals chloride in 

respect of the type of metals (Table 2). 

Table2: Effect of metal chlorides on B. subtilis. 

Isolate 

code 

Heavy metals chloride  

100 μg/ml 

ZnCl2 FeCl2 AlCl2 PbCl2 HgCl2 

B1 - + + + - 

B2 + + + + + 

B3 + + + - - 

B4 + + + + - 

(B) B. subtilis (+) growth   (-) no growth 

 The ability of microbial stains to grow in the presence of heavy metals 

would be helpful in the waste water treatment where microorganisms are directly 

involved in the decomposition of organic matter in biological processes for waste 

water treatment, because often the inhibitory effect of heavy metals is a common 

phenomenon that occurs in the biological treatment of waste water [16]. 

Determination of MTC  
  B. subtilis B2  isolate (isolated from soil) which have the highest resistance 

to all heavy metals chlorides that used in this study at a concentration of 100 μg/ml 

was grown in heavy metals incorporated media at different concentrations from 

200-1200 μg/ml to determine the MTC. Results showed that the Maximum 

tolerable concentration for all heavy metals was 1000 μg/ml except for mercury was 
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300μg/ml as it shown in (Table3). Bacillus represents the common soil bacteria and 

has been reported as soil inhabitants [17]. Bacterial cell walls possess many charged 

groups such as peptidoglycan can contribute both carboxyl and amino groups. In 

many gram-positive bacteria, teichoic acids provide highly charged anionic clusters 

due to the presence of repeating phosphodiester residues [18]. For B. subtilis walls, 

(Beveride and Murrey, 1979) [19] have predicted two steps mechanisms for 

resistance to heavy metals ions. The first step is the stoichiometric interaction of 

metal with relative chemical groups which reside primarily in the peptidoglycan. 

After complexation these same sites nucleate the deposition of more metal by 

chemical precipitation. Those sites constrained within the interstics of the wall can 

develop only small grain precipitates since sites have no such constraints and with 

time and enough metal, very large-grain precipitate can develop.     
Table 3: Maximum tolerable concentrations of B. subtilis isolate B2 to different heavy 

metals chlorides. 

Heavy metals 

chloride 

MTC 

(μg/ml) 

ZnCl2 1000 

FeCl2 1000 

AlCl2 1000 

PbCl2 1000 

HgCl2 300 

Effect of heavy metals on B. subtilis growth 
 For the determination of heavy metals impact on bacterial growth B. subtilis 

B2 isolate was grown in nutrient broth incorporated with the maximum tolerable 

concentration of heavy metals chlorides that prepared separately for 3 days. Results 

showed that growth of B. subtilis B2 isolate has not affected by presence of pbCl2, 

FeCl2 and AlCl2 in growth media but affected slightly by ZnCl2 during incubation 

time while no growth showed with HgCl2  (Table 4).  

Microbes apply various types of resistance mechanisms in response to heavy metals 

[20]. Silver (1996) [21] summarized the mechanisms of bacterial resistance to 

heavy metals as follows: bacteria have specific genes for resistance to toxic ion; 

metal ion resistance have been found in plasmids as well as chromosome of all 

eubacterial group; the mechanism of resistance are generally efflux pumping and 

enzymatic detoxification. So B. subtilis B2 resist HgCl2 in a concentration of 

300μg/ml at a first time but this resistance may disappear because it's located on 

plasmids     
Table 4: Effect of different heavy metal chlorides on the growth (cell/ml) of B. subtilis 

B2 isolate incubated at different times  

 

Heavy metal 

chloride and its 

conc. (μg/ml) 

 

Contact time in hours 

24h 48h 72h 

viable count 

(cell/ml) 

viable count 

(cell/ml) 

viable count 

(cell/ml)  

ZnCl2   1000 107 106 105 
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FeCl2   1000 1010 1010 1010 

AlCl2   1000 1010 1010 1010 

PbCl2   1000 1010 1010 1010 

HgCl2   300 101 0 0 

*control 1010 1010 1010 

*control= bacteria without heavy metal solution  

 Figure 1 showed that B. subtilis B2with pbCl2, FeCl2 and AlCl2 exhibit 

growth similar to the bacterial growth (control) over the experimental time 72hrs 

while decrease  in growth was observed in the presence of ZnCl2 comparing with 

control. 
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Figure 1: Growth of Bacillus subtilis in nutrient broth with different heavy metals 

chlorides incubation at 37 ºC for different time. 

 This result is similar to other results found that levels of Zn2+ tolerance 

among B. subtilis reduction of their growth to 50 % [5]. In contrary to other results 

reported that the growth of B. subtilis was not affected in the presence of Zn2+ [22]. 

For lead the same result was reported that B. subtilis was not significantly affected 

by lead [23]. 

Mercury is one of the most toxic elements tested affinity of the mercury for thiol 

groups is stronger than the affinity of cadmium for sulfide [24]. It binds to 

sulfhydryl groups of enzymes, thereby inactivating vital cellular functions [25].    

 

Effect of temperature on B. subtilis resistance to heavy metals  

 Results showed that temperature change doesn't affect in absorption or 

adsorption of metal ions and then in growth and inhibition of bacterial isolate.  

Table 5 showed that B. subtilis B2 isolate had clear growth in presence of heavy 

metals ZnCl2, FeCl2, AlCl2, PbCl2at temperatures from 30-50 ºC, while there are no 

growth in the presence of HgCl2 at all temperatures. This indicates that the dynamic 

adsorption process of metals is of a passive energy independent process [26].  

 Every type of bacteria has an optimum- minimum and maximum growth 

temperature. Temperatures below the optimum for growth depress the rate of 

metabolism of bacterial cells. Above the optimal temperature, the growth rate 

decreases and thermal death may occur [27].  
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The removal of heavy metal ions from aqueous solution by bacteria is effected not 

only by the surface properties of the organism but also on biosorption time, pH, 

temperature and shaking speed using aerobic batch suspension culture of  the 

mesophilic bacteria B. stibtilis [28].   
 

 

 

 

Table 5: Effect of different temperatures on the growth (cell/ml) of B. subtilis   (B2) 

in presence of different metal chloride  

Heavy metal 

chloride and 

its conc. 

(μg/ml) 

 

Bacterial viable count (cell/ml), 

incubation temperatures  

30 ºC 37 ºC 50 ºC  

ZnCl2   1000 105 105 105 

FeCl2   1000 105 105 105 

AlCl2   1000 105 105 105 

PbCl2   1000 105 105 105 

HgCl2   300 0 101 0 

*control 105 105 105 

*control= bacteria without heavy metal chlorides 

Effect of different pH on B. subtilis resistance to heavy metals 

 At different pH values; 4, 7 and 9 the growth of B. subtilis B2 has not 

affected by the presence of heavy metals chloride such as ZnCl2, FeCl2, AlCl2 and 

PbCl2 compared to the control without metal (Table 6).  

Microorganisms generally have specific range of pH suitable for their growth and 

performance of vital functions. Out of that range, microorganisms are either killed 

or inhibited [29].  

 In principle at very low pH value the presence of proton promote 

competition with metal cations for the essentially negatively charged binding sites 

(carboxyl, phosphate etc) on cell wall surface, while at higher pH, hydroxyl group 

dominate in solution and complex metal cations, preventing attachment to ligands 

on cell wall surface [30]. Variation in pH of the medium result in changes in the 

activity of the bacteria and hence the bacterial growth as well as the biosorption 

rate.  Bacteria are very active over a certain pH range. When pH differs from the 

optimal value, the maintenance energy requirements increase [26].  

Table 6: Effect of different pH values on the growth of B. subtilis B2 isolate in 

presence of different metal chlorides   

Heavy metal 

chloride and 

its conc. 

(μg/ml) 

 

pH4 pH7 

 

pH9 

Bacterial 

viable 

Bacterial 

viable 

Bacterial 

viable 
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count 

(cell/ml) 

count 

(cell/ml) 

count 

(cell/ml) 

ZnCl2   1000 105 105 105 

FeCl2   1000 105 105 105 

AlCl2   1000 105 105 105 

PbCl2   1000 105 105 105 

HgCl2   300 0 101 0 

*control 105 105 105 

*control= bacteria without heavy metal solution 

Removal of heavy metals ions by B. subtilis  
 B. subtilis B2 isolate showed the highest Zn+2 removal ratio 75% while Pb+2 

has the lowest removal ratio 37% (Figure 2). The results, given in table 3 and 

figure2 indicated that the bacterial isolate with the highest Zn+2 bioremoval ratios 

showed the lower tolerance level and vice versa. The same result has been 

demonstrated in literatures as well; which established an inverse relationship 

between tolerance and metal uptake that is the microorganism accumulates more 

metal if it less tolerant and accumulate less metal if it is more tolerant [31]. 
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Figure 2: Adsorption of heavy metal chlorides by B. subtilis B2 isolate  

 Different Bacillus strain tested presented distinct uptake capacities for zinc, 

copper and lead the best results were obtained for B. subtilis and B. cereus [32]   

The rationale for using Bacillus cells to study the uptake of heavy metal elements is 

that Gram-positive cells accumulate a much higher amount of heavy metals than 

Gram-negative cells. Carboxyl groups are the main agents in the uptake of heavy 

metals. The sources of these carboxyl groups are the teichoic acids, associated to 

the peptidoglycan layers of the cell wall [33].  

To survive under metal-stressed conditions, bacteria have evolved several types of 

mechanisms to tolerate the uptake of heavy metal ions. These mechanisms include 

the efflux of metal ions outside the cell, accumulation and complexation of the 

metal ions inside the cell, and reduction of the heavy metal ions to a less toxic state 

[34]. 

Conclusions  
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 Based on the obtained data we can conclude that the isolate strain of 

bacteria of the genus Bacillus subtilis is suitable organism for accumulate a large 

amount of Zn+2, Pb+2 and Fe+2 from contaminated water.   
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الثقيلةللمعادن   Bacillus subtilis   اتاثير بعض العوامل البيئية على تحمل بكتري

 شمم ناصر راضي,سحر قاسم, سناء برهان الدين 

  قسم علوم الحياة كلية العلوم جامعة بغداد

 

 

 الخلاصة 
بكتيرية من نماذج مختلفة من التربة والمياه استطاعت النمو في وسط  يتتطوع علط   عزلة 12عزلت  

  2Pb+الرصطا  , 2Fe+, التديطد 2Al+مايكروغرام / مل من كلوريدات الفلزات الثقيلة شملت: الالمنيوم 100

  Bacillus. اربعطة عطزلات مطن مجمطوع العطزلات شخصطت علط  ان طا  2Hg+, الزئبط  2Zn+, الخارصطين

subtilis وانتخبت العزلة B. subtilis B2  الاكثر مقاومة لكل انواع كلوريدات الفلطزات . اتتبطرت رطدرذ  ط ه

مايكروغرام /مل مطن كلوريطدات الفلطزات الثقيلطة وكطا   1200-200العزلة عل  النمو في تراكيز تراوحت من 

و    Zn+2, Pb+2, Fe+2Al ,2+مايكروغرام/مطل لطل 1000 و   .B2 subtilis Bاعل  تركيز نمت فيه بكتريا

 ساعة.  24لمدذ   2Hg+مايكروغرام/مل لل 300

 B. subtilisساعة. اظ رت النتائج ا  العزلة  72درس تاثير كلوريدات الفلزات الثقيلة عل  نموالعزلة ولمدذ 

B2 2+لم يتاثر نمو طا بووطود كلوريطدات العناصطر, Pb+2, Fe+2Al  2مط  تاثرنمو طا رلطيو بووطودZnCl  بينمطا

ادى  ووود الزئب  ال  تثبي  نمو البكتريا. درس تاثير دروة الترارذ في نمو البكتريطا فطي وسط  النمطو التطاوع 

 50الط   30بدروات الترارذ مطن   B. subtilis B2عل  كلوريد الفلز الثقيل اظ رت النتائج عدم تاثر العزلة 

غرام/مططل بينمططا سططب  ووططود الزئبطط  عططدم نمططو مايكرو1000دروططة ميويططة بووططود كلوريططدات الفلططزات بتركيططز 

 B. subtilisالبكتريا عند دروات الترارذ المختلفطة. كط لد درس تطاثير الطررم ال يطدروويني علط  نمطو العزلطة 

B2   بووود كلوريدات الفلزات الثقيلة. اظ رت النتائج عطدم تطاثر العزلطةB. subtilis B2   بووطود كلوريطدات

مايكروغرام/مططل بينمططا سططب  ووططود  1000وعنططد تركيططز  9و  7, 4ام  يدرووينيططة الفلططزات الثقيلططة وعنططد اررطط

علط  ااالطة  B. subtilis B2مايكروغرام/مطل. لطوحق رطدرذ العزلطة 300الزئب  عدم نمطو البكتريطا عنطد تركيطز 

  %.2Pb 37+ % ثم ال 2Fe 71+% ويليه ال 2Zn 75+المعاد  الثقيلة وا  اعل  نسبة ااالة كانت لل

 


