
ABSTRACT
From the earliest detection of arsenic in the Brahmaputra basin back in 2004, several districts of Assam especially 
in the flood plains have joined the list of arsenic contamination. Lakhimpur district  in Assam India, has been 
recorded with arsenic concentration several folds higher than the WHO and BIS recommendations. Scientific 
reports emphasize how native microorganisms can modulate the biogeochemical cycle of arsenic and their 
possible application in bioremediation. With the aim, this study was designed to isolate and carry out taxonomic 
characterization of arsenic resistant bacteria from potable water sources of the district. Based on the minimum 
inhibitory concentration test, two isolates LB6 and NB14 showing the highest resistance were characterized both 
by biochemical and molecular methods. Morphogenetic characterization identified the strains like Escherichia coli 
-LB6 and Acinetobacter baumannii -NB14. Taxonomic identification was further validated by fatty acid methyl 
ester analysis. This data of the  entire study can conclude that  two potential strains  E.coli-LB6 and Acinetobacter 
baumannii-NB14 can resistant arsenic As V (100 to 200mM) and As III (10 to 50mM) concentration in the medium. 
The results  further suggest that strains, LB6, and NB14 can survive under the arsenic stress and has been identified 
as a potential candidate for application in bioremediation field.
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INTRODUCTION

Arsenic is a potent human carcinogen. Wide distribution 
in potable water sources and the negative health impacts 
of arsenic has raised concerns among scientific societies. 
Arsenic exists in four valency states in environment 
viz. arsine (-III), elemental arsenic (0), arsenite (III), and 
arsenate (V) (Smith et al., 2002). Anthropogenic and 

natural activities impact its distribution in the aquifer 
systems. Among the four valency states, arsenite and 
arsenate are most dominant in a natural environment. 
Incessant consumption of arsenic-contaminated water 
can cause skin, lungs, bladder, and kidney cancers (Wang 
et al., 2018). The maximum contaminant level (MCL) and 
permissible limit set by the US Environmental Protection 
Agency (US EPA) and World Health Organization (WHO) 
is 0.010 mg/L (Hughes., 2002; Shi et al., 2004). This is 
equivalent to 0.010 parts per million (ppm), 10 micrograms/
liter (µg/L), or 10 parts per billion (ppb). Accumulation 
of arsenic in potable water sources is a serious problem 
in many parts of the world including India. States of 
northeastern India were detected with arsenic in several 
fold higher than the standard permissible level. 

Districts like Jorhat, Dhemaji, and Lakhimpur were 
recorded with arsenic in the range of 300 – 600 µg/L 



Pegu et al.,

(Singh et al., 2004  Das et al., 2015, 2017 Das and 
Barooah 2018.).

An estimated over 7 million people are using arsenic-
contaminated water as a potable source. This alarming fact 
underlines the importance of this study. Microorganisms 
are ubiquitous in the environment. They are adapted 
to environmental extremes. In the evolutionary 
process, microorganisms had developed an array of 
metabolic processes to adapt to stressful environments. 
Microorganisms can actively control the biogeochemical 
cycles of nutrients and minerals. They are detected 
in several toxic environments like aluminum (Piña & 
Cervantes, 1996), cadmium (Ron et al., 1992), uranium 
(Nevin et al., 2003), cobalt (Sai Ram et al., 2000), 
mercury (Poulain et al., 2007), lead (Jarosławiecka & 
Piotrowska-Seget, 2014) and arsenic (Das et al., 2017a). 
Bacteria can use arsenic in the electron transport chain 
for energy generation or can oxidize and reduce in a 
process of homeostasis (Das & Barooah, 2018b, Jihang 
et al., 2019).

The flexibility of using different elemental compounds in 
metabolic pathways makes microorganisms as a potential 
candidate for bioremediation. The innocuous applicability 
of bioremediation is well documented (Kumar  et al., 
2018). The involvement of microorganisms in arsenic 
geocycle is well studied and reported by many researchers 
(Das & Barooah, 2018; Gnanaprakasam et al., 2017). There 
is a diverse group of microorganisms that are associated 
with arsenic biogeochemical cycles (Das et al., 2017a). 
Microorganisms can oxidize, reduce, and methylate 
arsenic compounds (Ehrlich.1976; Ahmann et al., 1994; 
Shariatpanahi et al., 1983). The active association of 
microorganisms controls the biogeochemical pathway 
of arsenic. Thus, characterization and identification of 
microorganisms in the arsenic environment will help 
us in understanding the inherent community and their 
association with geocycle of arsenic in the groundwater 
system. In the present study, two arsenic resistant 
bacteria were chemotaxonomically characterized and 
their efficiency of resistance was evaluated. This study 
will provide a snapshot of the inherent bacterial species 
of contaminated aquifers of the Brahmaputra river basin 
and highlight their involvement in arsenic mobilization 
and speciation.

MATERIAL AND METHODS

Study sites: For the present study, fifty-four water 
samples were collected from 9 blocks of Lakhimpur 
district. Samples were collected from tubes, ring wells, 
and rivers, which are mostly used as potable water 
sources in the district. Samplings were done in the post-
monsoon season (July 2018). Samples were collected in 
sterilized Nalgene water bottles in replicates. For arsenic 
analysis, water samples were collected in water bottles 
pretreated with nitric acid. Collected samples were stored 
at 40C prior analysis. The locations of the sampling 
points were obtained with a handheld GPS device (Model: 
Garmin GPS 72) (Fig. 1).

Figure 1: A cross sectional view of the study area of the 
Brahmaputra river basin, Lakhimpur district, Assam, 
India.

Bacterial isolation: For bacterial isolation, 1 ml of water 
sample was serially diluted and cultured over nutrient 
agar (NA) (Hi-Media, India) plates containing arsenic at a 
concentration of As (V) – 1 mg/L and As (III) - 0.5 mg/L. 
Plates were incubated at 37 0C for 48 h and observed 
for bacterial growth. Morphologically distinct colonies 
were selected for further analysis.

Minimum Inhibitory Concentration: The minimum 
inhibitory concentration (MIC) of arsenate As (V) and 
arsenite As (III) was used to determine the arsenic 
resistance efficiency of the isolates. Bacterial isolates 
were cultured in freshly prepared NA broth at 30 0C for 
48 h and then 100 μl of the freshly cultured bacterial 
suspension was added to nutrient broth supplemented 
with different concentration of As(III) (0 – 50 mM) and 
As(V) ( 0– 200 mM). Tubes are incubated for 72 h at 30 
0C and 150 rpm. Microbial growth was recorded with 
a UV-Visible spectrophotometer (Himduzu, Japan) at 
600 nm.

Morphological and Biochemical characterization:  
Morphological and biochemical characterization of 
potential isolates was be done as per Bergey's Manual 
of Determinative Bacteriology (9th Edn.), Bergey's 
Manual of Systematic Bacteriology (2nd Edn. 2005). 
Genomic DNA extraction: Bacterial DNA was extracted 
from LB6 and NB14 (selected bacteria based on MIC) 
using QIAGEN (CA, USA) DNA extraction kit. The 
concentration of DNA was determined using NanoDrop. 
Fragments of 16S rRNA were amplified using universal 
primers 27f (16SF-AGAGTTTGATCCTGGCTCAG) and 
1492R (16SR-TACGGTTACCTTGTTACGACTT). The PCR 
product was purified using QIAGEN PCR purification kit 
and sequenced using ABI 3730 capillary sequencer (16 
capillary) with a big-dye terminator reaction.

Sequence analysis and phylogeny: Sequence files were 
analyzed and quality filtered prior assembly. Sequences 
were assembled using Codon-Code Aligner (ver 4.0). 
The assembled sequence was identified using the 
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nucleotide Blast program against NCBI-nr/nt database 
and taxonomic profiling was done based on the identity 
percentage (> 97%). Sequence Alignment has been 
performed using ClustalW. The evolutionary relationship 
was determined by a neighbor-joining phylogenetic tree. 
The base substitution was calculated based on Juke-
cantor, one parameter model with 1000 bootstrap values 
in MEGA 6.0 (Kumar 2013). Identified sequences were 
compared with the reference sequence from the NCBI 
nucleotide database.

sequenced and the sequence has been submitted to the 
GenBank database with accession number Escherichia 
coli-LB-6 [MK332441] and Acinetobacter baumannii 
- NB14 [MK332443]. The comparative analysis of the 
sequences of isolates with the already available database 
using BLAST (Basic Local Alignment Search Tool) showed 
that the strains were close to the other members of 
the genus. Analysis of the phylogenetic tree sequence 
indicates that strain LB6 closely related to Escherichia 
coli U5/41 and NB14 to Actenobacter viviani NIPH [Fig 
3a and 3b].
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Figure 2: Sampling sites location of the Brahmaputra river 
basin, Lakhimpur district, Assam, India.

Fatty acids profiling: The extraction and analysis of 
the fatty acid methyl ester (FAME) profiles of arsenic 
resistance bacteria were performed according to the 
method described by Buyer J. S., (2002). Statistical 
analysis: All the experiments were done in triplicates 
and results were presented in mean value with a standard 
deviation

RESULTS AND DISCUSSION

A total of 20 arsenic resistant bacteria were isolated and 
selected based on morphological distinctness. Arsenic 
resistant activity and bacterial screening were done by 
MIC test of different concentration of As (III) and As 
(V) [Table 1]. It was observed that arsenic affected the 
growth physiology of all the isolates. Results showed the 
highest tolerance and growth in isolates LB6 and NB14 
in arsenic amended medium compared to control [Table 
1]. Other isolates less growth as compared to control and 
other isolates. Based on MIC value isolate LB6 and NB14 
were selected for further study.

Selected isolates LB6 and NB14 showed distinct 
morphological characteristics [Table 2]. Biochemical 
characterization showed that isolate LB6 was gram-
negative rod-shaped bacteria with positive results 
catalase, Indole acetate, and H2S production. Isolate NB14 
was gram-negative, non-motile, rod-shaped bacteria with 
positive tests for catalase, H2S production, methyl red, 
and Voges-Proskauer test. All the biochemical tests and 
morphological features are presented in [Tables 2 and 
3] respectively. Isolated bacteria were taxonomically 
identified by 16S rRNA genes. Almost complete 16S 
rRNA gene [LB6 (1486 bp] and NB14 [1462 bp)] was 

Figure 3a: Phylogenetic relationship of LB6 strain with 
other bacteria

Figure 3.b: Phylogenetic relationship of NB14 with other 
bacteria

During investigation we have different kind of fatty 
acids concentration was found  in strains Escherichia 
coli -LB-6 and Acinetobacter baumannii - NB14 [Result 
illustrated in table 4]. Major fatty acids detected in 
E.coli-LB-6 strain were 12:0 (Dodecanoic acid) 4.3%, 14:0 
(12-Methyltridecanoic acid) 7.5%, 16:0 (Hexadecanoic 
acid) 25. 3%, 17:0 (10-Methylene-Hexadecanoic acid) 
9.37%. Several reviews have been published in the 
fatty acid biosynthesis in E coli (Janßen and Steinbüche 
2014). Where in Acinetobacter baumannii - NB14 strain 
major fatty acids were 10:0 (3-Hydroydecanoic acid) 
8.52%, 13:0 (2-Hydroydodecanoic acid) 8.43%, 16:0 
(Hexadecanoic acid) 18.31%. Previously number of fatty 
acids arachidonic acid (AA) and decosahexaenoic acid 
(DHA) are highly abundant in Acinetobacter baumannii 
bacterium (Jihang et al., 2019). 

A wide range of different fatty acids have been 
reported from microbial sources. Bacterial fatty acid 
profile represents the physiological responsiveness to 
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the surrounding ecological niche it inhabit and the 
biochemical keys of taxonomical components (Diamonde 
et al., 2015). Most of microbial source has been viewed 
as ideal to explore and isolate commercially essential 
molecules including poly-unsaturated fatty acids (PUFA) 
(Tonato et al., 2018). This study alone may have little 
attributes toward taxonomic identity of the strain, but 

provides important information about molecular signature 
of the species and contribute to the understanding of the 
strain’s physiological and environmental response to 
variable ecological niche. Several reports suggest that 
the fatty acid pool of microorganisms undergo changes 
in response to the surrounding environment and from 
strain to strain within a species (Ratledge, 2004).

Sr.  Isolate Control As(V) concentration   As (III) concentration
No. code  (mM)  (mM)

  0 100 200 10 50
1 LB1 0.3±0.04 0.12±0.02 0.09±0.02 0.15±0.02 0.05±0.01
2 LB3 0.4±0.02 0.23±0.01 0.15±0.04 0.21±0.05 0.08±0.01
3 LB6 0.81±0.04 0.99±0.02 0.66±0.02 0.87±0.02 0.45±0.01
4 NB-2 0.4±0.03 0.12±0.05 0.14±0.01 0.21±0.04 0.167±0.02
5 NB10 0.54±0.07 0.13±0.01 0.167±0.04 0.31±0.02 0.1±0.05
6 NB-14 0.68±0.03 0.85±0.05 0.84±0.01 0.9±0.04 0.71±0.02
7 NB16 0.64±0.01 0.56±0.03 0.51±0.04 0.34±0.08 0.21±0.8
8 GB3 0.34±0.01 0.21±0.03 0.2±0.04 0.08±0.04 0.06±0.01
9 GB4 0.3±0.05 0.21±0.01 0.11±0.02 0.32±0.07 0.23±0.03
10 BS1 0.53±0.04 0.51±0.02 0.43±0.07 0.21±0.05 0.18±0.05
11 BS2 0.44±0.01 0.4±0.03 0.054±0.08 0.25±0.06 0.20±0.07
12 BS3 0.57±0.03 0.48±0.04 0.43±0.03 0.15±0.08 0.12±0.04
13 DS2 0.43±0.04 0.5±0.04 0.41±0.02 0.21±0.05 0.19±0.04
14 DS4 0.32±0.05 0.26±0.05 0.14±0.07 0.31±0.08 0.27±0.02
15 DS8 0.56±0.03 0.41±0.04 0.36±0.02 0.21±0.03 0.19±0.04
16 HS1 0.5±0.02 0.49±0.03 0.38±0.2 0.34±0.04 0.25±0.03
17 HS6 0.6±0.01 0.34±0.02 0.53±0.08 0.21±0.03 0.11±0.04
18 NS8 0.44±0.01 0.25±0.02 0.18±0.07 0.17±0.08 0.15±0.02
19 NS11 0.52±0.02 0.39±0.03 0.26±0.04 0.35±0.07 0.12±0.08
20 NS19 0.45±0.03 0.22±0.01 0.15±0.01 0.27±0.31 0.14±0.03

# Value indicates the mean ± SD of three independent replicates.

Table 1. Minimum inhibitory concentration of different isolates

Morphological LB6 NB14

Colony shaped Rods Rods
Color White Creamy
Spore Non-spore Non-spore
 forming forming
Gram stains Negative Negative
Motility Motile Non motile
Surface Smooth Smooth
Elevation Circular Irregular

Table 2. Microscopic observation of the arsenic resistance, 
bacterial strains LB6 and NB14

Biochemical Test LB6 NB14

Catalase Positive Positive
Oxidation Negative Negative
Hydrogen Sulfide Positive Positive
Production
Indole acetate Positive Negative
Methyl red Positive Positive
Voges-Proskauer Negative Positive
Citrate utilization Negative Negative
Glucose Positive Negative
Fructose Negative Positive 
Maltose Negative Negative

Table 3. Biochemical test results for the arsenic 
resistant bacterial strains LB6 and NB14

Microbes play a significant role in the arsenic metabolism 
pathway. They can transform the different forms of 
inorganic or organic of arsenic forms As (III) and As 
(V) undergo oxidation and reduction in our ecosystem 
(Mukhopadhyay et al., 2002). Several researchers 
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Pseudomonas, Rhodococcus, and Stenotrophomonas (Cai 
et al., 2009), Bacillus anthracis and Citrobacter freundii 
(Shakoori et al., 2010), Brevibacillus brevis (Banerjee 
et al., 2013), Enterobacter asburiae and Enterobacter 
cloacae (Selvi et al., 2014) Pseudomonas (Satyapal et al 
.2018) have been reported from different environments 
site the world.  

Pegu et al.,

have reported on isolating arsenic-resistant bacteria 
from arsenic-rich environments. Besides that different 
bacterial species such as Caulobacter, Rhizobium and 
Sphingomonas (Macur et al., 2001) Yersinia intermedia 
and Yersinia enterocolitica (Bansal et al., 2000), Listeria, 
Moraxella and Planococcus (Salam et al., 2009), 
Acinetobacter, Arthrobacter, Agrobacterium, Comamonas, 

FATTY ACIDS IUPAC/Systemic name                Concentration (%)
  L B-6 NB-14

10:0 2-Hydroydecanoic acid - 1.31
10:1 3-Hydroydecanoic acid - 8.52
11:0 3-Hydroxy-9-Methyldecanoic acid - 0.36
12:0 10-Methylundecanoic acid .28 -
12:1 Dodecanoic acid 4.34 5.24
12:0 2-Hydroxydodecanoic acid - 8.43
12:1  (4z)-4-Dodecenoic acid 0.43 -
12:2 (8z)-8-Dodecenoic acid - 1.65
12.3 3-Hydroxydodecanoic acid  5.58
14:0 12-Methyltridecanoic acid 7.55 .89
14: 11-Methyltridecanoic acid - 0.14
15:0  (5z)-13-Methyl-5-Tetradecenoic acid 0.62 0.87
15:1 12-Methyltetradecanoic acid 3.18 1.86
15:2 (10z)-10-Pentadecenoic acid 3.76 0.56
15:3 (6z)-6-Pentadecenoic acid - 0.47
16:0 1-Hexadecanol 0.39 0.29
16:1  14-Methylpentadecanoic acid 0.49 -
16:0 Hexadecanoic acid 25.36 18.31
16:0 10-Methylhexadecanoic acid 0.57 -
17:1 ISO W5C (12z)-12-Heptadecenoic acid 3.98 0.81
17:0 ANTEISO 14-Methylhexadecanoic acid - 1.42
17:1 ANTEISO (7z)-13-Methyl-7-Hexadecenoic acid 0.67 0.40
17:0 Heptadecanoic acid 2.71 0.42
17:0 CYCLO cis-9,10-Methylene-Hexadecanoic acid 9.37 1.57
18:0 16-Methylheptadecanoic acid 4.81 1.70
18:1W7C11-METHYL (11z)-10-Methyl- 1.29 -
 11-Octadecenoic acid
18:3W6C 12z)-12-Octadecenoic acid - 1.15
18:1W5C (13z)-13-Octadecenoic acid - 0.29
19:0CYCLOW8C cis-11,12-Methylene- 4.35 -
 Octadecanoic acid
19:0 Nonadecanoic 1.20. -
20:0 ISO Icosanoic acid 0.38 0.80
20:2W9C (11z)-11-Icosenoic acid 0.78 
20:2W6C (11z,14z)-11,14-Icosadienoic acid - 0.30

Table 4. Fatty acid profile of strains LB6 and NB14

In the present study, we have a 20th isolates isolated 
from water samples Brahmaputra river basin. The 20 
isolates were screen in the based on ability to grow on 
high levels of As (III) and As (V) containing medium. 
All of the isolates examined in this study were found to 
be resistant to both As (III) 50mM and As (V) 200mM 
of concentration in the medium, respectively. Out of 

them, we have selected two potential isolates LB6 and 
NB14 based on MIC data. They were found both are high 
resistant up to As V (100 to 200mM) and As III (10 to 
50mM) in the medium. After morphological, biochemical, 
and 16 rDNA sequence molecular characterization we 
have confirmed that LB6 strain was Escherichia coli and 
NB14 strain was Acinetobacter baumannii. Escherichia 
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coli and Acinetobacter broadly represent arsenic resistant 
bacteria strain isolated from an arsenic-rich environment 
(Anderson and Cook 2004; Jackson et al., 2005). 

A bacterium as we know E. coli is a model microorganism. 
A huge amount of research has been fields like 
biotechnology and molecular levels. Similar result  
reported the Escherichia coli, which are resistant up 
to 909.79 mg/L As (IV) and 3120.1 mg/L As (III) (Bista 
and Shakya 2017), Acinetobacter baumannii, which 
are resistant up to (40 mM to 300 mM As V) and As 
III (4mM to 25mM As III) reported by (Alaniz et al., 
2017). Staphylococcus sp. TA6 was isolated from arsenic 
contamination sites of groundwater of Jorhat, Assam, 
and biotransformation of arsenate to arsenite. They 
suggested the potential isolates will play important 
role in arsenic geo cycle in Brahmaputra valley (Das & 
Barooah, 2018b).

A similar study reported the two arsenic resistant bacteria 
Bacillus sp. and Aneurinibacillus aneurinilyticus, which 
can arsenic resistant up to As (V) 4500 ppm and As (III) 
550 ppm isolated from arsenic affected groundwater of 
Purbasthali block of Burdwan, West Bengal, India, (Dey 
et al., 2016). Another study reported the Bacillus and 
Geobacillus arsenic oxidizing bacterial strain isolated 
from arsenic-contaminated soil of West Bengal, India. 
They were found both strains were As III (16-47mM) and 
As V (167-400mM) concentration is resistant in medium 
(Majumder et al., 2013). In northeastern India, the 
presence of arsenic has been identified in 21 districts out 
of 24 districts of Assam and six in Arunachal Pradesh, 
one in Manipur, three districts in Tripura, and two in 
Nagaland (Singh 2004; Mukherjee et al., 2006).

CONCLUSION

The extent, distribution, origin, and mobilization process 
of arsenic and iron in the aquifers of river Brahmaputra 
basin, mostly located in the Indian state of Assam, 
has been largely undocumented, and unexplored. 
Moreover, the river Brahmaputra basin has a boundary 
of tea gardens and paddy fields where a huge amount 
of fertilizers and pesticides are being used. The arsenic 
forms weak bonds with certain organic material, helps 
the arsenic to precipitate which may lead to arsenic 
contamination in groundwater and further decomposed 
in the same land, concentrating it. This entire study 
can conclude two potential strains were E.coli-LB6 and 
Acinetobacter baumannii-NB14 can resistant arsenic As 
V (100 to 200mM) and As III (10 to 50mM) concentration 
in the medium. The results suggest that strains, LB6, 
and NB14 can survive under the arsenic stress and has 
been identified as a potential candidate for application 
in bioremediations field.
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