


Resistance and removal of Cr and Cd by Bacillus cereus and Aspergillus niger isolated from Polytrichum commune rhizosphere





Abstract 
Bryophytes indicate the presence of metals in the environment because of their biosorption capacity. The hypothesis that microbial communities in bryophyte rhizosphere can be highly metal-resistant was tested using Bacillus cereus and Aspergillus niger isolated from the rhizosphere of a bryophyte, Polytrichum commune. Nutrient agar and Malt Extract agar were used for isolation of bacteria and microfungi, respectively. Identification was by cultural, morphological and biochemical tests.  A total of 10 B. cereus and A. niger were isolated from P. commune rhizospheres and soils at 10m away from bryophyte locations for comparison. The Minimum Inhibitory Concentrations (MIC mg/L) were determined with Cr and Cd and the rhizosphere strains of B. cereus and A. niger that had the highest MIC were tested for their ability to reduce Cr and Cd concentrations singly, and in combination using broths containing 1000-2,000 mg/L. Compared to soil isolates, the MIC of the rhizosphere strains which stood at: B. cereus, Cr=650-750, Cd=720-840; and A. niger, Cr=410-450-750, Cd=480-540 mg/L were significantly higher (P=0.000). While the MICs of both metals markedly varied with soil sites of isolation of B. cereus and A. niger, it did not with P. commune locations. The removal of Cr and Cd from aqueous medium containing 1,000-1500 mg/L for each metal, stood at 65.5-74.5, 75.6-79.4 and 92.5-99.8% for B. cereus, A. niger and combined B. cereus/A. niger, respectively. It sharply dropped to <36% when metal concentration increased to 2000 mg/L. It is concluded that the level of MICs is a sufficient ground to sustain the hypothesis that bryophyte rhizosphere harbor microorganisms that are metal-resistant. Thus, bryophytes can be sources of organisms that can be useful in bioremediation application.
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1. Introduction

Heavy metals found in the environment are naturally occurring at generally safe concentrations but human actions have disturbed natural processes, thereby causing concentration of these metals to increase (Wei et al., 2024). The pollution caused by Heavy metals has become a major environmental challenge worldwide. The anthropogenic sources of these metals in the environment are mining, industrial discharges, agricultural run-offs, and improper disposal of waste. Several reports have shown that these metals are persistent in ecosystems and non-biodegradable in nature hence they are associated with long-term toxicity to life unlike organic compounds (Li et al., 2019; Rai et al., 2019; Mitra et al., 2022)
Heavy metals contamination has been treated by the use of techniques such as chemical precipitation, ion exchange, membrane filtration, and adsorption using synthetic materials. However, these techniques have limitations, which includes high cost, inefficiency in treatment of low concentrations of the metal, and secondary pollution from byproducts (Kapoor and Viraraghavan, 2015; Pagnanelli et al., 2020). This has led researchers to explore other methods such as biological approach in the treatment of heavy metals. Microorganisms such as bacteria, algae and fungi do not produce toxic by-products after treatment hence they are eco-friendly. They have evolved several metal-resistance mechanisms which include biosorption, bioaccumulation, enzymatic transformation, and efflux systems that regulate intracellular metal concentrations (Ezzouhri et al., 2009; Zafar et al., 2017). Diverse microbial agents have been reported to have the capacity for metal-tolerance and removal of heavy metals from aqueous solutions; these include Pseudomonas, E. coli, Proteus, Bacillus, Klebsiella, Aspergillus and Rhizopus (El-Morsy, 2024; Anand et al., 2016). These microorganisms have been isolated mainly from polluted environments. It is also important to investigate other sources for the presence of metal-resistant microorganisms.
Bryophytes are a group of nonvascular plants that are well known as bioindicators of heavy metal pollution because of their propensity to accumulate metals on their surfaces (Printarakul and Meeinkuirt, 2022). They grow in diverse environments and their rhizospheres harbor microbial communities that contribute to metal sequestration and detoxification (Chen and Nelson, 2022). Thus the bryophyte rhizosphere may act as a microhabitat for metal-resistant bacteria and fungi. The study was therefore designed to test the hypothesis that bryophyte substratum/rhizosphere contain microorganisms that are highly metal-resistant using Bacillus cereus and Aspergillus niger isolated from the rhizosphere of a moss bryophyte, Polytrichum commune. 

2.0 Materials and Methods

2.1 Sample collection
 Bryophytes samples were carefully collected from 10 locations within the Delta State University Abraka campus 3° 47´21 N and 6° 7´16 E, with the aid of sterile hand trowel. These were then transported in newspapers as described by Buck and Thiers (1996) to the Department of Botany Delta State University, Abraka and were identified as Polytrichum commune Hedw.DELSUH-Bry-001.  Soil samples at 10m away from the sources of the bryophytes at a depth of 0-30cm were also obtained for isolation of bacteria and fungi. 
2.2 Isolation and identification of isolates
Bryophyte samples
Samples of P. commune weighing 1 g were washed thoroughly in deionized water to dislodge substratum materials. Thereafter 0.1 ml of serially diluted samples were used to inoculate triplicates plates of Nutrient Agar (NA) and Malt Extract Agar (MEA) for bacteria and fungi respectively. The agar plates were then incubated at 28oC for 24 and 72 hours for bacterial and fungal isolates respectively. Single colonies were sub-cultured and stored at 40C until needed for use.
Soil samples
Soil samples at 10m away from the 10 bryophytes locations were collected and 1g each were mixed were serially diluted using deionized water. An aliquot of 0.1ml of dilutions for each soil sample was used to inoculate NA plates for bacterial isolation while MEA incorporated with Chloramphenicol was similarly inoculated to isolate fungi. The plates were incubated at 28°C for 24 and 72 hours for bacterial and fungal isolates, respectively.
2.3 Identification of isolates
The identification of bacterial isolates was done using the morphological characteristics and biochemical reaction of the isolates. Isolates that fitted Bacillus cereus characteristics based on Bergeys’ Manual of Determinative Bacteriology (Holt et al., 2004) were selected for the experiment. Fungal isolates were identified by visual observation on agar plates and under the microscope using lactophenol blue as mountant, The keys/descriptions of Barnett and Hunter (1998) were used to identify Aspergillus niger from among the fungal isolates.
2.4 Preparation of Heavy Metal Stock solution
Analytical grades of Chromium Chloride hexahydrate [CrCl3.6H2O] and Cadmium Chloride monohydrate [CdCl2.H2O] were obtained from Department of Chemistry Delta State University, Abraka. Stock solutions were prepared concentrations by dissolving 2.0 g of each of Cadmium and Chromium in 1 L of deionised water to obtain 1000 – 2000 mg/l. The concentrations of the stock solution for each salt was confirmed by Atomic Absorption Spectroscopy (Perkin Elmer, Model 3100). The solutions were passed through a 0.22 μm membrane filter to ensure its sterility. Working solutions were subsequently prepared serial dilutions of the stock solutions. 
2.5 Determination of minimum inhibitory concentration (MIC)
This was determined with chromium and cadmium for each bacterial and microfungal isolates by adopting the plate dilution method described by Bauer et al. (1966). The concentrations of chromium used for the test was 200 - 750mg/L while 150-840mg/L was used for cadmium. This method involved preparing agar plates (NA and MEA) containing varying concentrations of the heavy metals, which were then inoculated with 1 ml of 102 bacteria cells derived from plate counts or 5 mm diameter of fungal mycelium. The lowest concentarion that inhibited growth was taken as the MIC after incubation at room temperature (30±2oC) for 24 h (bacteria) and 72 h (Fungi). 
2.6 Metal removal test
The B. cereus and A. niger isolates with the highest MICs were selected for metal removal tests in Nutrient or Malt Extract broths cultures containing 1000, 1500, 2000mg/L of Cr or Cd. Inoculation of the broths was with B. cereus or A. niger singly and in combination of both organisms using 103 B. cereus cells or A. niger spores in 10 ml of nutrient and Malt Extract broths. The flasks were incubated at room temperature (30±2oC) and agitated at 150 rpm for 24-48h, thereafter the solutions were centrifuged. The concentration of the residual metals in the supernatant was determined by AAS. The residual metal concentration was subtracted from control and expressed as % reduction of metal concentration. The experiments were conducted in five replicates for the two heavy metals.
2.7 Data analysis
Graphs were used to illustrate the trends in the MICs of the 10 strains of B. cereus and A. niger from P. commune and nearby soils. The differences in MICs between the P. commume-borne B. cereus/A. niger strains and their soil-borne counterparts were analyzed by independent t test.
3. Results and Discussion

	Table 1 shows the morphological and biochemical tests which identified strains of Bacillus cereus isolated from the rhizosphere of the moss bryophyte P. commune (Figure 1) and nearby soil. Bacillus cereus is a known soil-dwelling organism that can survive in diverse environments (Arnesen et al., 2008) hence its choice for this study. The identification criteria for Aspergillus niger, which is based on macroscopic and microscopic observations is also presented in Table 2. The organism was also selected for the study based on its ubiquity (soil, decaying plants and indoor air) with a “trade mark” of black spores (Šimonovicová et al., 2021).
	The Cr MICs of strains of A. niger and B. cereus isolates from 10 P. commune rhizospheres and nearby soils is presented in Figure 2. With respect to P. commune sources, the MICs were generally with minimal variations unlike the soil isolates that exhibited marked variations (Figure 2). The close similarity of MICs of P. commune isolates can be attributed to identical ecological niches while the variation observed with the soil isolates suggest differences in the presence and concentration of resistance-inducing metals. For example, even though strains of metal-resistant B. cereus were isolated from non-metal-polluted environments, strains from polluted sites exhibited markedly greater metal-tolerance due to effect of high concentrations of heavy metals (Begum and Aundhati, 2016: Al Azad et al., 2020). The concentration of heavy metals therefore, influence the extent of development of resistance and adaptation of microorganisms to stressful metal-polluted environment. This observation also applies to A. niger strains where variations in MICs due to different isolation sites have long been observed (Ezzouhr et al., 2009; Iram et al., 2013). The Cd MICs followed the same trend as was observed with Cr for both sites of isolation of A. niger and B. cereus (Figure 3). The same interpretation put forward above for site differences with respect to Cr-resistance is applicable for Cd-resistance.
	 






Table 1. Identification features of Bacillus cereus
	Tests 
	Results

	Gram stain
Shape
Catalase
Oxidase
Voges Proskauer
Indole
Citrate
H2S
Gas
Acid
Motility
Glucose
Lactose
Methyl red
Spore formation
Haemolysis
	+
Rod
+
+
+
-
+
-
+
+
+
+
-
-
+
+





        Figure 1: Polytrichum commune on roadside block
Table 2. Identification features of Aspergillus niger
	Observation parameter
	Identification features results

	Colony colour
Texture
Underside agar plate
Conidia heads
Vesicles
Phialides
Spores
Hyphae
	Initial white, later black
Cotton, later powdery
Yellow
Large and spherical 
Globose
Biseriate
Globose, dark brown
Septate








Figure 2. Trends of Cr MICs of P. commune- and soil-borne A. niger and B. cereus across 10 isolation sites (See Materials and Methods)











Figure 3. Cd MIC trends of P. commune- and soil-borne A. niger and B. cereus across 10 isolation sites (see Materials and Methods)
The differences in MICs due to sites of isolation was corroborated by statistical analysis presented in Table 3. This is a confirmation that the P. commune rhizosphere harbors isolates with substantial and greater tolerance of Cr and Cd than isolates from surrounding soils.  The findings also substantiate the reports that bryophytes accumulate heavy metals on their gametophytes and rhizoids which anchor the gametophyte to the soil (Printarakul and Meeinkuirt, 2022). This inference explains the low metal-tolerance of B. cereus and A. niger strains present in the nearby soils where there is no anthropogenic source of heavy metals. The resistance shown by A.niger and B. cereus from the rhizosphere of P.commune indicate that bryophyte-associated microorganisms developed resistant mechanisms to metal stress as a result of the prolonged association where they also contribute to nutrient cycling and decomposition of organic matter (Davey and Currah, 2018). The bryophyte rhizoid-accumulated heavy metals can therefore, be viewed as a potential inducer of metal-resistance via one or more of the well-known mechanisms such as extracellular polysaccharides production, efflux pump, siderophore production and metallothionein synthesis (Mathivanan et al., 2021). 
Table 3. Comparison of MICs of P. commune- and nearby soil-borne A. niger and B. cereus

	
Isolates
	
Heavy metal
	Mean MIC (mg/L) ± SD of isolates from:
	
Sign. Diff. (P)

	
	
	Polytrichum commune
	Soil
	

	Aspergillus niger
Bacillus cereus
Aspergillus niger
Bacillus cereus
	Cr
Cr
Cd
Cd
	431±12.8
697±47.6
524±17.1
787±42.9
	266±47.2
517±98.2
319±113.8
383±45.8
	0.000
0.000
0.000
0.000







The metal-resistance mechanism of the P. commune-borne A. niger and Bacillus cereus strains was further demonstrated by their ability to remove Cr and Cd from aqueous solution as shown in Figure 4.  The single application of A. niger or B. cereus caused not less than 65% reduction in Cr or Cd concentrations even at 1500 mg/L (Figure 4). However, at 2000 mg/L, the ability of the two organisms to reduce the concentrations of the two metals dropped sharply to 0 - 5.7% (Figure 4). The decline recorded at 2000mg/L indicated the inability of the microbes to withstand toxicity beyond its metal-tolerance threshold. A similar observation was reported by Olubode et al., (2022). Although the combination of both organisms removed over 90% of Cr and Cd from the aqueous solution at 1000 or 1500 mg/L, it could only remove 20.5-35.7% at 2000 mg/L (Figure 4). The MIC thresholds of  bacteria and fungi is dependent on the period of prior exposure to metals as well as the metal concentration in their environment (Iimaa et al., 2025). This can influence the development of comensurate adaptive resistant mechanisms, which depends on the presence of multiple encoding genes (Hovorukha et al., 2024). This notwithstanding, the study outcome has shown that the strains of B. cereus and A. niger isolated from P. commune rhizosphere possess substantial metal-resistance attributes which can be useful in bioremediation of metal-polluted sites.

Figure 4: Reduction of Cr and Cd concentrations in aqueous media by single and combined B. cereus and A. niger isolated from P. commune rhizosphere. 
4.0 Conclusion
The study has demonstrated that P. commune rhizosphere-borne Aspergillus niger and Bacillus cereus resisted Cr and Cd significantly better than their soil-borne counterparts. This was indicated by their MIC values which almost doubled that of the strains from the nearby soil. This massive difference confirmed that the bryophyte rhizosphere is a unique environment for the development of metal-resistant bacteria and fungi. This is supported by the finding that MICs of the isolates from the 10 P. commune rhizosphere sites minimally varied thereby indicating identical ecological niches. The A. niger and B. cereus strains from the soils markedly varied which suggested dissimilarities in niches and metal concentrations in the soil locations. The metal-resistance capacities of the rhizosphere isolates were further demonstrated by their ability to reduce 1000-1500 mg/L by over 65% in treatment with single B. cereus or A. niger and by >90% when both organisms were combined. These isolates therefore hold promise of being useful for bioremediation of metal-contaminated environments. Thus, the hypothesis that bryophyte rhizosphere may contain metal-resistant microorganisms is sustained by the outcome of this study.
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P. commune-borne B. cereus	
A	B	C	D	E	F	G	H	I	J	650	630	650	650	700	730	720	740	760	740	Soil-borne B. cereus	
A	B	C	D	E	F	G	H	I	J	610	600	610	560	460	350	410	620	430	520	Isolation sites of B. cereus


Mean MIC (mg/L)




P. commune-borne A. niger	
A	B	C	D	E	F	G	H	I	J	520	530	480	520	530	540	540	520	530	530	Soil-bornr A. niger	
A	B	C	D	E	F	G	H	I	J	150	180	430	320	320	430	420	440	180	320	Isolation sites of A. niger


Mean MIC (mg/L)




P. commune-borne B. cereus	
A	B	C	D	E	F	G	H	I	J	820	840	750	750	830	800	720	740	820	800	Soil-bornr B. cereus	
A	B	C	D	E	F	G	H	I	J	420	340	420	520	420	530	240	340	300	300	Isolation sites of B. cereus


Mean MIC (mg/L)




A. niger	
1000	1500	2000	1000	1500	2000	Cr	Cd	74.5	69.400000000000006	0	77.400000000000006	65.5	0	B. cereus	
1000	1500	2000	1000	1500	2000	Cr	Cd	86.8	79.400000000000006	5.7	75.599999999999994	70.3	0	A.niger/B. cereus	
1000	1500	2000	1000	1500	2000	Cr	Cd	92.5	97.9	35.700000000000003	99.8	99.5	20.5	Metal concentration used (mg/L)

Reduction of metal conc. (%)


P. commune-borne A. niger	
A	B	C	D	E	F	G	H	I	J	430	450	420	430	440	410	430	420	450	430	Soil-borne A. niger	
A	B	C	D	E	F	G	H	I	J	320	310	250	200	250	230	270	320	310	200	Isolation sites of A. niger


Mean MIC (mg/L)
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