
Introdction

Arsenic is a toxic heavy metal that commonly remains in the

environment in trivalent and pentavalent form. The natural

occurrence of arsenic in ground water is related to the arsenic

complexes present in the soil. The main reason of arsenic in water

is thought to be from geological sources rather than from mining

or agricultural sources such as fertilizer or pesticide1. Toxicity of

elements depends on various factors such as physical state,

particle size, adsorption rate, solubility etc.2. Arsenic toxicity has

become a global concern owing to the increasing contamination

of soil, water and crops in many regions of the world including

Bangladesh. In Bangladesh, the people in 59 out of 64 districts

are suffering at various degrees of arsenic contamination. Seventy

five million people are at risk and among them 24 million are

potentially exposed to arsenic contamination3-4. Arsenic is known

to induce skin lesions, cancers, immunosuppression and other

symptoms5-6. Currently available physico-chemical methods used

for removing arsenic from contaminated environment have many

disadvantages because of the vast polluted area, high cost,

generation of secondary contaminants etc. Therefore,

development of technologies to reduce costs involving

biotechnological approaches for treatment of contaminated

environment has stimulated serious interest in studies of the

bioremediation of toxic metals.

Biological remediation using live or dead cells or biosynthesized

molecules are in report7. In various ways such as transportation
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across the cell membrane, bioadsorption in cell wall, entrapment

in extracellular capsule, oxidation-reduction reaction, precipitation

into plants and microorganisms were able to accumulate metals8.

Moreover, algae, fungi and bacteria are capable to transform

arsenite to arsenate and vice versa during their growth9-10. Some

reports also showed that bacteria can accumulate metals11-12.

Although arsenic is a toxic metalloid, some bacteria develop

resistance to arsenic due to an efflux system13-14. On the other

hand, some microorganisms use arsenate as a terminal electron

acceptor in an aerobic respiration15-16 or as a means of generating

energy through chemoautotrophic arsenite oxidation17. In this

study, we demonstrated the isolation of bacteria from arsenic

contaminated soil and determining their resistance against arsenic.

We also examined the arsenic removal ability of the bacterial

isolates in vitro.

Material and Methods

Collection of soil samples

Surface (from 0-15 cm in depth) soil that had been continuously

contaminated by exposing to arsenic containing tube-well water

for more than 15 years were collected from Sonargaon area of

Narayanganj district, Bangladesh. After collecting, soil samples

were placed in plastic containers and kept on ice until further

analysis.

Isolation and culture of bacteria from arsenic contaminated soil

Five grams of each soil samples was dissolved in 50 ml 0.9%
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autoclaved NaCl and then homogenized and filtered. Five milliliter

of each filtered sample was inoculated into 50 ml Luria broth (LB)

medium and incubated at room temperature on rotary shaker at

120 rpm for 2-3 hrs. Then 5 ml of soil suspension was inoculated

into 100 ml LB medium containing Na-arsenite (0.5mg/L) and

incubated at 120 rpm for 2 days. Then 200 ml from this medium

was spread over LB plates and incubate at room temperature for

2 days. Through repeated sub culturing, pure cultures of six

bacterial isolates (designated S1 to 6) were finally obtained.

Morphological characteristics and extracellular polymeric

substances (EPS) staining

Gram staining and cell morphology was observed under light

microscope. For EPS staining, loopful organisms were spread

over slide and air-dried to fix the organism. Smear was stained

with Crystal Violet for 2 minutes. Crystal Violet was gently washed

of with water. Slide was blotted dry with bibulous paper and

examined with oil immersion objective (100X).

Arsenic removal ability of bacterial isolates

The selected bacterial isolates were inoculated into LB medium

with Na-arsenite (1.0 mg/L) and then incubated at room

temperature, 120 rpm for 24 hours. Samples were collected at

every 6 hrs for the measurement of growth and arsenite

concentration in the medium. Bacterial growth was determined

by measuring the O.D. (A600). For determining the arsenite

concentration, 3 ml of culture media was taken and centrifuged at

7000 rpm for 5 min. Arsenite concentration at different growth

stages were then determined by graphite furnace atomic

absorption spectrometer (A800) in the culture supernatant.

Arsenic removal ability of EPS producing killed bacteria

After growing up to mid stationary phase where a maximum

extracellular polymeric substance was produced, bacterial cells

(isolate S1 and S3) were placed on a flat open container and exposed

to UV light for 6 to 8 hrs to kill them. To confirm bacterial death,

subcultures were performed on LB plate and incubated overnight.

Na-arsenite solution (1.0 mg/L) was added to the UV irradiated

bacterial suspension and then incubated at room temperature, 120

rpm for 3 hrs. After centrifugation arsenite concentration in the

culture supernatant was determined as described earlier.

Result and Discussion

Isolation and characterization of arsenic resistant bacteria from

contaminated soil

Indigenous bacteria from arsenic-contaminated soils were first

enriched and then cultured in presence of sodium arsenite (0.5 mg/

L) in LB broth. Six bacterial isolates were obtained that grew in

presence of sodium arsenite. This result suggested that the bacterial

isolates might have developed the mechanism(s) for arsenic

resistance to protect sensitive cellular processes. It was observed

that colonies of the five isolates (S1, S2, S3, S5 and S6) showed off-

white, circular and translucent appearance with flat and smooth

surface whereas the rest one (S4) showed pale-orange appearance.

Morphological characteristics of all isolates were determined by

Gram staining. The results indicated that isolates S1, S2, S3, S5 and

S6 were rod shaped bacteria like bacilli and the S4 isolate was cocci

in shape (Table 1). Moreover, all the isolates irrespective of their

shapes were found Gram positive. Generally, Gram-positive bacteria

are more resistant to stress due to the presence of thick

peptidoglycan layer. Further studies showed that five isolates (S1,

S2, S3, S4 and S5) produced extracellular polymeric like substances

(EPS) during stationary phases of their growth (Table 1 and Figure

1). EPS is composed of carbohydrates, protein, DNA, and adsorbed

abiotic constituents18. This EPS is shown to be generated by

various environmental stresses to help cell survival19.

Table 1: Morphological characteristics and EPS production of bacterial isolates from arsenic contaminate soil samples.

Bacterial isolates Colony character Shape Gram reaction EPS production

S1 off-white, circular, translucent, smooth surface bacilli Gram positive positive

S2 off-white, circular, translucent, smooth surface bacilli Gram positive positive

S3 off-white, circular, translucent, smooth surface bacilli Gram positive positive

S4 pale-orange, smooth surface cocci Gram positive positive

S5 off-white, circular, translucent, smooth surface bacilli Gram positive positive

S6 off-white, circular, translucent, smooth surface bacilli Gram positive negative

Figure 1: Microscopic observation (100X) of EPS production during stationary growth phase of isolated bacterial sample S3.
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Arsenic removal by bacterial isolates

All the selected isolates showed relatively prolonged lag and

log phase of growth when grown with 1mg/L sodium arsenite

compared to control (culture without arsenite) (data not

shown). This might be due to the effect of arsenite, which

slowed down bacterial growth. During cultivation, the level of

arsenite in the medium of each isolate did not decrease

significantly up to log phase (data not shown). However, we

observed that arsenite adsorption by the isolates mainly

occurred during stationary phase of growth. All the isolates

except S6 removed arsenite significantly (Figure 2).

Interestingly, the isolates that removed arsenite produced EPS

in the stationary phase of their growth. Therefore, we have

reason to believe that EPS might, in part be responsible for

arsenite adsorption, thereby reducing metal toxicity. This

argument was supported by other reports that demonstrated

microbial metal removal in mid log and stationary phase

involving production of extracellular carbohydrates under

environmental stress20-22.

To clarify the role of EPS alone for arsenic adsorption, we killed

the bacterial isolates S1 and S3 by exposing them to UV light

followed by growing on LB plate. No visible growth was observed

after overnight incubation, confirming death of the bacterial

isolates (data not shown). These killed cells with EPS were then

incubated with Na-arsenite (1mg/L) with shaking for 3 hrs followed

by centrifugation to separate culture supernatant. To our surprise,

arsenite concentration in the supernatant of S1 and S3 were

drastically reduced to 0.075 and 0.17 respectively compared to

control (1mg/L) (Figure 3). This result strongly argued that EPS

present in killed bacteria adsorbed arsenite in similar extent with

that of live cells.

Conclusion

In this study, we found that the isolated bacteria from arsenic

contaminated soil were capable of adsorbing and removing arsenic

from the culture media. They produced EPS during stationary

phase of growth, which was particularly responsible for arsenic

adsorption. Further research is necessary to identify these isolates

and to explore the possibility to use these in the biofilm to remove

arsenic from the contaminated environment.
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