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ABSTRACT 
Bacillus subtilis, a widely studied bacterium, demonstrates remarkable 

tolerance to heavy metals and significant biosorption capacity, offering 

potential applications in bioremediation. This study evaluates the resistance 

mechanisms of B. subtilis to various metals, including lead, zinc, arsenic and 

chromium, and examines its ability to absorb these contaminants from 

aqueous solutions with optimization of the carbon and nitrogen source. 

Results reveal that cell wall components and exopolysaccharides play a 

crucial role in metal binding. Optimization of environmental conditions 

enhances biosorption efficiency, showcasing the adaptability of B. subtilis. 

The findings underscore its utility as a cost-effective, eco-friendly solution for 

mitigating heavy metal pollution in industrial wastewater and contaminated 

environments. 
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INTRODUCTION: 
Naturally occurring elements with large atomic 

weights and densities, known as heavy metals, can 

be harmful at high amounts (Azari et al., 2020; 

Baragaño et al., 2020). Their widespread presence 

and harmful consequences on ecosystems, wildlife, 

and human health have drawn more attention to 

them than ever before (Sayqal, A. and Ahmed, O. 

B., 2021; Xu et al., 2020). Heavy metal buildup in 

soil and water bodies is a result of industrial 

operations, agricultural methods, and urban runoff 

(Alotaibi et al., 2021; Briffa et al., 2020). This 

poses major threats to the environment and public 

health. They have the potential to disrupt biological 

processes in ecosystems, resulting in decreased 

biodiversity and stunted plant and animal growth 

(Pham et al., 2021). Contaminated soil and water 

can accumulate these metals, which eventually 

infiltrate the food chain and impact higher trophic 

levels (Pham et al., 2022). Heavy metal exposure, 

such as lead, mercury, and cadmium, can cause 

major health problems in humans, including 

neurological abnormalities, renal damage, and 

developmental disabilities (Pagliaccia  et al., 2022; 

Ma et al., 2022; Yadav et al., 2021). Children and 

pregnant women are among the most vulnerable 

groups. The chronic presence of heavy metals in 

the environment exacerbates these issues, 

emphasising the critical need for appropriate 

management and remediation plans (Huang et al., 

2022; Brdari´c et al., 2021). 

 

The absorption of heavy metals by plants and 

microorganisms is an important field of research 

because it determines their bioavailability and entry 

into the food chain (Priya et al., 2022; Alireza et al., 

2021; Bhatt et al., 2020). Understanding heavy 

metal absorption mechanisms can help inform 

remediation techniques and sustainable agriculture 

practices to mitigate their effects (Wang et al., 

2021; Cao et al., 2020). Several factors, including 

soil type, pH, organic matter, and plant species, 

influence the degree of heavy metal uptake (Pande 

et al., 2022; Lan et al., 2020). 

 

This study work seeks to investigate the 

mechanisms underpinning heavy metal absorption, 

with an emphasis on the physiological and 

biochemical processes involved. This study aims to 

provide insights into efficient ways for managing 

file:///C:/Users/Vikas%20Pandey/Documents/jmolecular/temp/.(https:/creativecommons.org/licenses/by-nc/4.0/)
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heavy metal contamination and improving 

absorption efforts by investigating the interactions 

between heavy metals and the microbial system. 

Ultimately, a thorough understanding of heavy 

metal absorption will help to develop novel 

strategies for protecting environmental health and 

supporting sustainable land use. 

 

METHODS: 
Bacterial Strain Identification: 

The strains in this investigation have been grown 

on M9 minimum media (M9, 20% glucose, 1 M 

MgSO4, and 1 M CaCl2). Bacterial strains' 

biochemical characteristics were determined using 

bergey’s mannual. Furthermore, the 16S rRNA 

sequences of the bacterial strains were determined 

using direct sequencing of the PCR products. DNA 

extracts from each strain were made using the 

isolation kit (GeNei). To identify isolates, the full-

length 16S rRNA genes were amplified using 

bacteria-specific primers 27F (5'-

AGAGTTTGATCCTGGCTCAG-3') and 1492R  

(5'-GGTTACCTTGTTACGACTT-3') (Nguyen et 

al., 2013). The purified PCR products were 

sequenced and Complete 16S rRNA gene 

sequences were compared using the Basic Local 

Alignment Search Tool (BLAST) algorithm with 

other reference sequences that were found in the 

NCBI database. Phylogenetic trees were created 

using the neighborjoining approach to compute 

evolutionary distances (Tamura et al., 2021). 

MEGA 11 was used to perform neighbour joining 

analysis. The strains were found to be similar to the 

16S rRNA sequences of Klebsiella sp. (strain R2), 

Klebsiella sp. (strain R19), Serratia sp. (strain L2), 

and Raoultella sp. 

 

Analysis of minimum inhibitory concentrations to 

metals: 

To evaluate metal resistance (As3+, Pb2+, Zn2+, or 

Cr6+), Bowman et al. (2018) used stock solutions of 

As (NaAsO2), Cr (K2Cr2O7), Pb (Pb [NO3]2), and 

Zn (ZnSO4.7H2O) with distilled water to achieve 

final concentrations of 1,000 and 10,000 mg L−1, 

respectively. Metal solutions were sterilised with a 

0.2 μm Nalgene vacuum filtration system (Thermo 

Scientific, Waltham, MA). Polysulfone filters were 

used to prevent metal sorption on the filter device 

(Wu et al., 2005). The sensitivity of the strain to 

four distinct metals was evaluated on a metal-

treated M9 minimal medium. Metal modified 

media were made by adding increasing amounts of 

metal stock solutions to autoclaved media. For 

inoculating 96-well plates, add 200 μL of broth 

medium and 20 μL of mid-logarithmic-phase 

cultures. The SBT1500 Microplate Shaker 

(Southwest Science, Hamilton, NJ) was utilised to 

shake the plates at room temperature while 

incubating at 150 rpm. Following a 24-hour 

incubation period at room temperature in the dark, 

the metals described in this study had the lowest 

MICs (minimal inhibitory concentrations) that 

suppressed bacterial growth. Positive controls 

included growth media inoculated with metal-free 

bacterial strains. The strains' growth was monitored 

using a Sunrise microwell plate reader (Tecan, 

Research Triangle Park, NC) with an optical 

density of 595 nm. The plate reader's detection 

threshold determined whether or not there was any 

growth. 

 

Bioremediation assay in aqueous solutions: 

Bacteria culture (100 mL) were contained in 

dialysis tubing and pretreated with 0.1 N HCl to 

remove metal ions that may have been bound to the 

negatively charged groups of the cell membrane. 

After 30 minutes of soaking in 0.1 N HCl, the cell 

cultures were dialysed against deionised water for 

24 hours while being stirred continuously at 100 

rpm to eliminate residual HCl. Dialysed cultures 

were placed into 1 L aqueous solutions containing 

10 mg L−1 of As3+, Pb2+, Zn2+, and Cr6+ for 24 

hours. This metal concentration (10 mg L−1) is 

similar to those employed in other dialysis tests to 

test bacterial cell or EPS binding capability with 

metals (Bowman et al., 2018). To avoid any 

possible hydroxide precipitation, the pH of the 

system was adjusted to 4.5–5.5. The experiment 

was performed at 370C.  

 

Optimization for Resistance and Removal Assay: 

This study optimised three parameters: carbon 

supply, nitrogen source, and carbon/nitrogen ratio 

(C/N). The carbon sources analysed were glucose, 

maltose, sodium acetate, and sucrose, while the 

nitrogen sources consisted of potassium nitrate 

(KNO3), peptone, yeast extract, and tryptone. The 

utilised C/N ratios were 5:5, 5:4, 5:3, and 5:2. 

Optimisation tests were performed separately for 

each carbon and nitrogen source using the 

designated C/N ratios in minimal media comprising 

carbon source (5 g/L), nitrogen source (2 g/L), 

magnesium sulphate (0.5 g/L), water (1 L), and 

heavy metal (150 mg/L). This study utilised a 

neutral pH. Following media preparation and 

sterilisation, the respective isolates were employed 

for inoculation and incubated at 35 °C ±2 °C for 96 

hours. Following incubation, the growth rates of 

the isolates and the residual metal concentrations in 

both inoculation and uninoculated conditions were 

evaluated to determine the metal tolerance index 

and the percentage of metal removal. 

 

FT-IR analysis: 

Fourier transform infrared spectroscopy was used 

to identify functional groups in bacterial strains that 

may be involved in metal uptake during the 

biosorption process. This approach has been shown 
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to be useful for delivering structural information on 

metal cation binding in microorganisms (Gupta et 

al., 2020). FT-IR analysis was performed on cells 

before and after metal uptake in an aqueous 

solution containing eight metals (As3+, Pb2+, Zn2+, 

and Cr6+) at a concentration of 10 mg/L. Infrared 

spectra of the control before and after metal uptake 

were analysed on lyophilised cells using Attenuated 

Total Reflection (ATR). 

 

Scanning Electron Microscopy-Energy Dispersive 

Spectroscopy (SEM-EDS): 

The pelleted B. subtilis cells, post-biosorption, 

were dried under vacuum, affixed to a suitable stud 

surface, subsequently gold-sputtered, and examined 

and photographed using a Scanning Electron 

Microscope (Zeiss EVO HD 15, Zeiss, Germany) 

operating at 20.0 kV. The microscope was outfitted 

with an Inca Penta FETx3 energy dispersive X-ray 

system (England, UK). To acquire data on the 

elemental composition of bacterial cell surfaces in 

metal biosorption studies, the energy dispersive X-

ray spectrum for each bacterial isolate was obtained 

and analysed in relation to individual metal ion 

solution treatments, revealing the elemental 

composition of the respective metals on the cell 

surface (Einhäuser, 1997; Poatak et al., 1980). 

 

Screening and Production of alkaline 

phosphatase: 

Phophatase agar media was used for the screening 

of alkaline phosphatase. Positive results indicated 

by the appearance of yellow coloration in the media 

around the streaked microorganism that represent 

production of alkaline phosphatase enzyme by 

micro-organism. Negative results indicated by no 

change in the coloration of media around the 

bacterial colonies. The production of Alkaline 

phosphatase enzyme was done by submerged 

fermentation and the media composition with some 

modifications as suggested by Nomoto et al., 1988; 

Prada et al., 1996. 

 

Enzymatic activity of Alkaline phosphatase: 

Alkaline phosphatase is a hydrolase enzyme. This 

enzyme can remove the phosphate groups 

(phosphorylation) from many types of molecules 

that includes nucleotides, proteins, and alkaloids. 

Alkaline phosphatases are most effective in 

carrying about phosphorylation activity in an 

alkaline environment and sometimes also called as 

basic phosphatase (Brent E., 1974). Enzymatic 

activity of Alkaline phosphatase (AKP) enzyme 

calculated by following equation. 

 

Table 1 Procedure of enzymatic activity of alkaline phosphatase 
 100 mM 

Glycine 

buffer 

15.2 mM 

PNPP 

solution 

Mix by 

inversion 

and 

incubate at 

37°C, for 

exactly 10 

minutes 

Distill 

water 

Enzyme 

solution 

Mix by 

inversion 

and 

incubate 

at 37°C, 

for 

exactly 

10 

minutes 

20mM 

NaOH 

Mix by 

inversion 

Absorbanc

e at 410nm 

BLA

NK 

0.50 ml 0.50 ml 0.10 ml - 10 ml  

TES

T 

0.50 ml 0.50 ml - 0.10 ml 10 ml  

 

𝑬𝒏𝒛𝒚𝒎𝒂𝒕𝒊𝒄 𝒂𝒄𝒕𝒊𝒗𝒊𝒕𝒚 (
𝑼𝒏𝒊𝒕𝒔

𝒎𝒍
)

=  
(𝑨𝟒𝟏𝟎𝒏𝒎 𝑻𝒆𝒔𝒕 −  𝑨𝟒𝟏𝟎𝒏𝒎 𝑩𝒍𝒂𝒏𝒌)(𝟏𝟏. 𝟏)(𝒅𝒇)

(𝟏𝟖. 𝟑) (𝟎. 𝟏) (𝟏𝟎) 
 

 

Statistical Analysis: 

All statistical analyses were carried out using the 

SPSS statistical software (version 23.0). 

Comparison of means was determined using the 

One-Way Analysis of Variance (ANOVA) test, 

while multiple comparison was determined using 

the Tukey Multiple Range test. All analyses were 

carried out at a 95% confidence interval. 

 

RESULT AND DISCUSSION: 
Bacterial Identification: 

The unknown bacterial culture was identified as 

Bacillus cereus through 16S rRNA sequencing and 

biochemical characterization was presented in table 

1. 16S rRNA gene size was determined as >1500 

bp through gel electrophoresis using of the ladder 

MAGSPIN-21 (Fig.1) and phylogenetic tree was 

also presented in Fig.2.  

 

  
Figure 1: DNA marker (Ladder DNA) and 2.0% Agarose 

gel showing single >1500 bp of 16s amplicon. 

Lane 1: Marker DNA 

Lane 2: CS7 
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Figure 2: BLAST phylogeny tree 

 
Table 2 Biochemical Characterization of Bacillus subtilis. 

SN Test Result 

1.  Indole test Negative 

2.  Methyl red test Positive 

3.  Voges Proskauer test Positive 

4.  Citrate test Positive 

5.  Glucose fermentation test Positive 

6.  Lactose fermentation test Positive 

7.  Maltose fermentation test Positive 

8.  Mannitol fermentation test Positive 

9.  Sucrose fermentation test Positive 

10.  Oxidation fermentation test Positive 

11.  Casein hydrolysis Positive 

12.  Gelatin hydrolysis Positive 

13.  Cellulose test Positive 

14.  Urease test Positive 

15.  Catalase test Positive 

16.  Oxidase test Positive 

17.  Nitrate reduction test Positive 

 

Tolerance Analysis to Metals: 

The minimum inhibitory concentrations (MICs) of 

the four distinct metals for the corresponding 

bacterial strain are shown in Table 2. Overall, the 

strain was more robust against As3+ (250–450 mg 

L−1), Pb2+ (700–800 g mL−1), and Zn2+ (500–1,100 

mg L−1) than against Cr6+ (5–10 mg L−1). The 

hierarchy of metal tolerance for the bacterial strain 

was as follows, it was Zn2+ > Pb2+ > As3+ > Cr6+. 

 
Table: 3 Minimum inhibitory concentrations of metals. 

Minimum inhibitory 

concentrations (MIC) (mg L−1) 

Strain 

As 250 

Cr 10 

Pb 700 

Zn 1000 

 

Bioremediation Assay: 

The investigation into the metal removal 

capabilities of the bacterial strain was conducted 

using individual single-metal solutions, each 

containing 10 mg L−1 of As3+, Pb2+, Zn2+,  and Cr6+. 

The study spanned various time intervals over a 24-

h. Over time, the metals were gradually extracted 

from the solutions, with saturation of the metal 

removal capacity achieved within approximately 4 

to 5 h. Bacillus subtilis (ranging from 4.4 to 318 

mg g−1 dry mass) The efficiency of metal removal 

in single-metal solutions was containing all four 

metal cations. Notably, in single-metal solutions, 

Bacillus subtilis exhibited removal efficiencies of 

≥150 mg g−1 dry mass for Pb2+, and Zn2+ and ≤150 

mg g−1 dry mass for As3+, and Cr6+ (Figure 3). 

 

 
Fig. 3 Metal removal by Bacillus subtilis. 

 

Effect of External Carbon Sources: 

The highest tolerance index for lead was observed 

in media containing sodium acetate as the carbon 

source (p≤0.05), with the greatest tolerance values 

recorded in media containing maltose and glucose, 

respectively. A markedly elevated tolerance index 

for chromium was noted in media containing 

sodium acetate. The percentage removal of heavy 

metals varied from 58.83% (glucose) to 76.33% 

(sucrose) for lead, from 38.03% (glucose) to 

65.27% (sucrose) for chromium, from 71.23% 

(glucose) to 83.23% (sucrose) for arsenic, and from 

69.43% (glucose) to 81.83% (sucrose) for zinc, in 

the presence of the test bacterial species. 

 
Table 4. Tolerance index to the heavy metals in the presence 

of the Bacillus subtilis at different external carbon sources 

Heavy 

Metal 

Carbon Source 

Acetate Glucose Maltose Sucrose 

Lead 0.80±0.0
1 

076±0.01 0.51±0.0
1 

0.67±0.0
0 

Arsenic 0.41±0.0

0 

0.25±0.0

0 

0.25±0.0

1 

0.20±0.0

0 

Chromiu
m 

0.39±0.0
0 

0.25±0.0
0 

0.28±0.0
1 

0.26±0.0
0 

Zinc 0.72±0.0

0 

0.25±0.0

0 

0.52±0.0

1 

0.56±0.0

1 
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Table 5 Heavy metal removal in the presence of the Bacillus 

subtilis at different external carbon sources. 

Heavy 

Metal 

Carbon Source 

Acetate Glucose Maltose Sucrose 

Lead 66.60±0.
08 

58.83±0.
12 

71.57±0.
19 

76.33±0.
38 

Arsenic 80.10±0.

22 

71.23±0.

17 

78.20±0.

15 

83.23±0.

18 

Chromiu
m 

58.90±0.
27 

38.03±0.
19 

59.87±0.
15 

65.27±0.
69 

Zinc 79.10±0.

27 

69.43±0.

27 

75.23±0.

12 

81.83±0.

19 

 

Effect of External Nitrogen Sources: 

The highest tolerance index observed in the various 

nitrogen sources utilised in this experiment was in 

the media containing peptone, ranging from 0.57 to 

1.24. The highest values for chromium (p≤0.05) 

were recorded in media containing potassium 

nitrate (0.52). The minimum and maximum 

tolerance index values for zinc, 0.52 and 1.32, were 

recorded in media with tryptone and potassium 

nitrate, respectively. The highest results for arsenic 

(p≤0.05) were obtained in medium containing 

tryptone (0.60). The removal percentages of heavy 

metals by Bacillus subtilis varied, with values 

ranging from 55.23% (yeast extract) to 72.00% 

(tryptone), 53.53% (yeast extract) to 76.81% 

(peptone), 67.13% (peptone) to 86.33% (tryptone), 

and 60.40% (potassium nitrate) to 86.23% 

(peptone) for lead, chromium, arsenic, and zinc, 

respectively. 

 
Table 6. Tolerance index to the test heavy metals in the 

presence of the Bacillus subtilis at the different external 

nitrogen sources. 

Heavy 

Metal 

Carbon Source 

KNO3 Peptone Yeast 
Extract 

Tryptone 

Lead 0.90±0.0

2 

1.24±0.0

1 

0.57±0.0

1 

0.58±0.0

0 

Arsenic 0.49±0.0
0 

0.55±0.0
0 

0.35±0.0
1 

0.60±0.0
0 

Chromiu

m 

0.52±0.0

1 

0.28±0.0

0 

0.20±0.0

1 

0.22±0.0

0 

Zinc 1.32±0.0
3 

0.56±0.0
0 

0.66±0.0
0 

0.52±0.0
0 

 
Table 7. Heavy metal removal in the presence of the Bacillus 

subtilis at different external nitrogen sources. 

Heavy 
Metal 

Carbon Source 

KNO3 Peptone Yeast 

Extract 

Tryptone 

Lead 69.43±0.

15 

71.27±0.

42 

55.23±0.

23 

72.00±0.

20 

Arsenic 81.22±0.

12 

67.13±0.

16 

82.30±0.

25 

86.33±0.

15 

Chromiu

m 

75.17±0.

26 

76.81±0.

29 

53.53±0.

08 

62.43±0.

21 

Zinc 60.40±0.

41 

86.23±0.

17 

65.52±0.

21 

80.10±0.

25 

 

Effect of Different Carbon/Nitrogen Ratio: 

The tolerance indices of Bacillus subtilis to various 

heavy metals at certain carbon/nitrogen (C/N) 

ratios differed among the metals, likely due to the 

distinct metabolic capacities of Bacillus subtilis, a 

finding that was consistent across all heavy metals. 

A markedly elevated tolerance index to arsenic was 

noted at C/N ratios of 5:2 and 5:4. Notably, the 

highest tolerance index for lead was recorded at a 

C/N ratio of 5:2 (p≤0.05), while for chromium, the 

highest tolerance index was found at C/N ratios of 

5:5 or 5:4 (p≤0.05). The highest values for zinc 

removal in the presence of the isolate were seen in 

a medium with a C/N ratio of 5:3. The elimination 

of lead in the presence of the isolate demonstrated 

markedly elevated levels at C/N ratios of 5:5 or 5:4. 

The most effective chromium removal occurred at 

C/N ratios of 5:5. 

 
Table 8. Tolerance index to the test heavy metals in the 

presence of the Bacillus subtilis at different carbon/nitrogen 

(C/N) ratios. 

Heavy 

Metal 

Carbon Source 

5:5 5:4 5:3 5:2 

Lead 0.51±0.0
0 

0.81±0.0
0 

0.61±0.0
0 

0.92±0.0
0 

Arsenic 0.45±0.0

0 

0.60±0.0

0 

0.45±0.0

1 

0.63±0.0

0 

Chromiu
m 

0.59±0.0
0 

0.54±0.0
0 

0.42±0.0
0 

0.43±0.0
1 

Zinc 0.21±0.0

0 

0.39±0.0

0 

0.50±0.0

0 

0.41±0.0

1 

 
Table 9. Heavy metal removal in the presence of the Bacillus 

subtilis at different carbon/nitrogen (C/N) ratios. 

Heavy 

Metal 

Carbon Source 

5:5 5:4 5:3 5:2 

Lead 80.15±0.
21 

85.24±0.1
1 

79.13±0.
02 

70.23±0.
12 

Arsenic 84.12±0.

13 

70.23±0.

26 

84.50±0.

12 

90.12±0.

09 

Chromiu
m 

75.21±0.
14 

69.37±0.
18 

70.27±0.
30 

65.20±0.
14 

Zinc 49.20±0.

04 

50.14±0.

07 

52.25±0.

15 

41.20±0.

25 

 

FTIR Analysis: 

FTIR spectra covering the range of 4,000 to 400 

cm−1 were obtained for the bacterial strain both 

before and after the absorption of four metals. The 

complex structure of the bacterial cell surface was 

shown by the varied peaks in the metal-free 

bacterial strain's FT-IR profiles. Although the 

Bacillus subtilis strains had less IR peaks, common 

bands were visible in the strains before metal 

uptake. Functional groups such as amino (N-H, 

NH2), alkyne (C ≡ C), carbonyl (C=O), carboxylic 

(C-O), hydroxyl (-OH), and phosphate (P=O) 

groups were represented by these infrared bands. 

Table 9 lists these bands' assignments as well as the 

particular functional categories. When exposed to 

metals, changes in band intensity were observed, 

along with changes in absorption bands and the 

appearance of new peaks. As the strain came into 

contact with the metal surroundings, the number of 
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infrared bands increased. Functional groups 

associated with aromatic organics, alkynes (C ≡ C), 

alkanes (C-H), as well as hydroxyl, amine, and 

aldehyde functional groups, were implicated in the 

metal-loaded IR spectrum changes. Additionally, 

the Bacillus subtilis metal-loaded strain's spectra 

showed the emergence of additional peaks that 

showed the presence of hydroxyl (O-H), alcohol 

(R-CHO), amine (P-NH, NH2), alkanes (C-H), 

carboxyl (C-C), alkynes (C ≡ C), and aromatic 

compounds. These findings demonstrated the 

complex changes in bacterial cell surfaces brought 

about by the absorption of several metals, with 

notable differences depending on the type of 

bacterial strain (Fig. 4). 

 

 

 

 
Fig. 4 Comparison of the IR spectra of Bacillus subtilis before and after absorption of mixed metals. 

 
Table 10. IR absorption band changes and possible assignment for the metal-free and metal-loaded. 

FTI

R 

peak 

Metal 

free 

Metal 

loaded 

Displacement  Functional groups Bond Assignments 

1  684 684 C2H2R2 C-H out-of-

plane-bend 

Alkene 

2 720 715 5 1,3-Disubstituted 

(Aromatic compounds) 

C-H out-of-

plane-bends 

Aromatic 

 

3 741 738 3 1,3-Disubstituted 

(Aromatic compounds) 

C-H out-of-

plane-bends 

Aromatic 

 

4 810 805 5 C2HR3 

 

C-H out-of-

plane-bend 

Alkene 

5  849 849 1,3-Disubstituted 

(Aromatic compounds) 

C-H out-of-

plane-bends 

Aromatic 

6  885 885 1,3-Disubstituted 

(Aromatic compounds) 

C-H out-of-

plane-bends 

Aromatic 

7  1098 1098 (RCO)2O C-O stretch Carbonyl 

8  1118 1118 R-OH C-O stretches Alcohol 

9  1256 1256 RCOOR’ C-O stretch Carbonyl 

10 1398 1389 9 C-C C-C bend Alkane 

11 1485 1484 1 P-NH2 NH2 Amine 

12 1523 1513 10 R2C=NR or R2C=NH C=N stretch Imine and Oxime 

13  1623 1623 R2C=O or RCOOH C=O stretch Ketone or 

carboxylic acid 

14 2860 2861 1 C-H C-H stretch Alkane 

15 3012 3010 2 C=C-H C-H stretch Alkene 

16 3598 3594 4 RO-H free O-H stretch Hydroxyl 

 

Scanning Electron Microscopy-Energy Dispersive 

Spectroscopy (SEM-EDS) analysis for Surface 

Biosorption of Heavy Metals 

Scanning Electron Microscopy was employed to 

illustrate the macrostructure of the surface of 

desiccated bacterial cell biomass. The Inca Penta 

FETx3 energy dispersive X-ray system provided 

clear proof of metal ion attachment to the cell wall 

of bacterial cells. EDS spectrum scans 

unequivocally demonstrated that lead, chromium, 
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arsenic, and zinc ions were adsorbed onto the 

surface of B. subtilis following biosorption. The 

EDS spectral images, accompanied by the SEM 

images in the inset, are displayed below. 

 

 
Fig. 5 SEM-EDS analysis of Bacillus subtilis metal loaded. 

 

Screening of bacteria for Alkaline phosphatase 

enzyme production: 

The bacteria that are capable for production of 

alkaline phosphatase enzyme were first screened by 

Phosphatase agar media that contains p-nitrophenol 

phosphate (colorless) as the substrate. The bacteria 

that produce Alkaline Phosphatase enzyme, 

removes phosphate group from substrate p-

nitrophenol phosphate (colorless) to p-

nitrophenolate (yellow color) that turns the color of 

the media to yellow color. In the screening process, 

Bacillus subtilis had shown positive for 

phosphatase activity indication the production of 

yellow coloration in the media. 

 

 
Fig 6: Screening for production of Alkaline phosphatase 

enzyme by Phosphatase agar media. 

 

Enzymatic activity and Protein fold of Alkaline 

phosphatase enzyme  

The enzymatic activity is used to determine the rate 

of an enzyme capable for breakdown of substrate or 

generation of product. The determination of 

enzyme rate is carried by continuous assay or 

discontinuous assay. In Continuous assays assay 

gives a continuous reading of activity, whereas in 

discontinuous assays, the sample mixture is taken 

at time intervals or the reaction are stopped and the 

concentration of substrates/products were 

determined. The enzyme activity of Crude extract 

was 36.214 U/ml. In case of purified sample salt 

precipitation and dialysis sample the enzyme 

activity was 38.169 U/ml and 35.121 U/ml 

respectively. The ion exchange sample had 25.257 

U/ml of enzyme activity (Table 10). 

 

 
Table 11 Determination of Specific activity and protein fold for different samples of enzyme. 

SAMPLE Enzyme activity 

(Units/ml) 

Protein content (mg/ml) Specific activity 

(U/mg) 

Protein fold 

Crude  36.214 0.270 138.27 1.00 

Salt Precipitation 38.169 0.161 243.28 1.75 

Dialysis  35.121 0.147 245.63 1.78 

Ion Exchange _Elute 4 25.257 0.080 290.71 2.10 

 

CONCLUSION: 
Bacillus subtilis is a good option for the 

bioremediation of settings affected by heavy metals 

due to its remarkable metal tolerance and 

biosorption capabilities. The study demonstrates 

how the bacterium may adsorb metals including 

lead, cadmium, and chromium by using 

exopolysaccharides and its cell wall. Its practical 

potential is further shown by improved biosorption 

efficiency under ideal environmental conditions. 

These results highlight the use of B. subtilis as an 

economical and environmentally beneficial method 

of treating industrial wastewater and cleaning up 

the environment. In order to increase its biosorption 

capacity and broaden its use in various remediation 

scenarios, future research could concentrate on 

genetic and metabolic engineering. 
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