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Arsenic tolerance in bacterial cultures isolated 
from metal contaminated soil

ABSTRACT
Several centuries of uninterrupted mining activities in Zacatecas, Mexico has caused soil pol-
lution with toxic metals and metalloids such as arsenic. In this study, the arsenic-tolerance 
of ten bacterial isolates from a metal contaminated site were analyzed, and high toler-
ance was observed in both solid (40 mM – 300 mM of sodium dihydrogen arsenate and 
4 mM – 25 mM of sodium arsenite) and liquid media (7.2 mM and 11.3 mM arsenite). The 
arsenic tolerant isolates were identified by biochemical and 16S rRNA-encoding gene am-
plification analysis as members of the Bacillus, Micrococcus, and Acinetobacter genus. A 
study of resistance to antibiotics revealed a high prevalence of resistance to beta-lactams 
and moderate prevalence to nitrofurantoin, vancomycin, and ceftriaxone, suggesting that 
the antibiotic multiresistance of the isolates is probably related to arsenic tolerance through 
a plasmid or chromosomally encoded resistance mechanism.

RESUMEN
Las actividades mineras realizadas durante varios siglos de manera ininterrumpida en el 
estado de Zacatecas han generado un problema de contaminación de suelos con metales 
y metaloides como el arsénico. En este estudio, se analizó la tolerancia al arsénico de diez 
aislados bacterianos observándose una alta tolerancia en medio sólido (40 mM – 300 mM 
de arseniato y 4 mM – 25 mM de arsenito) y en medio líquido (7.5mM – 12 mM de arsenito). 
Los aislados tolerantes a arsénico fueron identificados mediante análisis bioquímico y 
amplificación del gen ribosomal 16S (rDNA 16S) como miembros de los géneros Bacillus, 
Micrococcus y Acinetobacter. Un estudio de resistencia a antibióticos reveló alta prevalencia 
de la resistencia a beta-lactámicos y moderada a nitrofurantoína, vancomicina y ceftriaxona, 
sugiriendo que la multiresistencia a antibióticos de estos aislados podría estar relacionada 
a la tolerancia al arsénico mediante un mecanismo de resistencia presente en plásmidos o 
en el cromosoma. 
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INTRODUCTION
Environmental pollution with metals has become a major threat to human 
health (Nies, 1999). Arsenic (As) is a highly toxic and carcinogenic metal-
loid that is widely distributed in the environment as a result of geogenic and 
anthropogenic activities (Cullen & Reimer, 1989). The most common oxidation 
states of arsenic in ecosystems are the pentavalent arsenate As[V] and tri-
valent arsenite As[III], the latter form being the more toxic (Oremland & Stolz, 
2003; Rosen, 2002). Despite its toxicity, the ancient and constant exposure of 
bacteria to arsenic has led to the microbe colonization of arsenic-rich environ-
ments throughout the development of metabolism coupled biotransformation 
processes, i.e. reduction, oxidation and methylation (Bentley & Chasteen, 
2002; Muller et al., 2007; Osborne & Erlich, 1976; Rosen, 2002; Silver & 
Phung, 2005) that affects geochemistry, speciation, and toxicity of this ele-
ment (Islam et al., 2004; Oremland & Stolz, 2003). Due to the ability of bacteria 
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to metabolize highly toxic arsenic compounds into a 
less toxic form (Oremland, Stolz & Hollibaugh, 2004; 
Weeger et al., 1999), the isolation and study of arsenic-
resistant bacteria is attractive for the establishment of 
processes to ameliorate the bioavailability of arsenic in 
contaminated soil and water. Many reports of arsenic 
resistant bacterial isolates from soil and water include 
a diversity of bacterial genera such as Microbacterium, 
Alcaligenes, Staphylococcus, Pseudomonas, Corynebac-
terium, Xanthomonas, Acinetobacter, Flavimonas, 
Micrococcus, Bacillus, Aeromonas, Enterobacter and 
Agrobacterium (Achour, Cordi, Poupin, Bauda, & Billard, 
2010; Goswami et al., 2015; Majumder, Ghosh, Saha, 
Kole & Sarkar, 2013; Mateos, Ordóñez, Letek & Gil, 
2006; Mokashi & Paknikar, 2002; Nagvenkar & Ra-
maiah, 2010; Novick & Roth, 1968; Osborne & Erlich, 
1976; Pepi et al., 2007; Salmassi et al., 2002; Selvi 
et al., 2014) and some extremophiles (Baker-Austin et 
al., 2007; Branco, Chung, & Morais, 2008; Bruneel 
et al., 2003; Chen & Shao, 2009; Gihring, Druschel, 
McCleskey, Hamers & Banfield, 2001) some of which 
are proposed for use in bioremediation (Banerjee, 
Datta, Chattyopadhyay & Sarkar, 2011; Goswami et 
al., 2015; Mateos, et al., 2006).

In Mexico, metal contaminated environments are 
widely distributed as a consequence of about five cen-
turies of uninterrupted mining activities. However, the 
study of bacterial diversity is limited in mining sites. 
The aim of this study was the isolation and charac-
terization of autochthonous arsenic-resistant bacteria 
with potential application in the biotransformation of 
arsenic compounds to less toxic ones. 

MATERIALS AND METHODS 

Bacterial isolates
Arsenic tolerance was evaluated in 28 bacterial cul-
tures isolated from soil samples collected from an area 
located in Guadalupe, Zacatecas, Mexico, which has 
been previously reported as a metal-contaminated site 
(Santos et al., 2006). 

Analysis of arsenic tolerance in bacterial isolates
To test the bacterial tolerance to arsenic, different rang-
es of arsenite and arsenate concentrations were proven 
based on the levels of bacterial tolerance previously re-
ported (Abbas et al., 2014; Pepi et al., 2007; Selvi et al., 
2014). To establish the bacterial tolerance to arsenate 
in solid media, the Minimum Inhibitory Concentration 

(MIC) was determined. Briefly, 28 bacterial isolates 
were inoculated onto LB agar plates supplemented with 
increasing concentrations of sodium dihydrogen arse-
nate (NaH2AsO4) (1 mM to 300 mM), and incubated at 
37 °C for 24 h to 48 h to obtain visible bacterial colo-
nies. The lowest concentration of metal salt that pre-
vented growth on the plates was recorded as the MIC. 
The isolates that showed the highest MICs to sodium 
dihydrogen arsenate (AsT2, AsT5, AsT15, AsT21, and 
AsT23) were also analyzed to determine its tolerance to 
arsenite in solid media by the establishment of MIC at 
increasing concentrations (1 mM to 27 mM) of sodium 
arsenite (NaAsO

2). Arsenite tolerance in liquid media 
was determined by assessing the MIC values (concen-
tration at which bacterial growth was fully inhibited 
by arsenic ions), as follows: overnight cultures were 
diluted 1:100 into fresh LB media supplemented 
with increasing concentrations of NaAsO2 (2.0 mM, 
4.0 mM, 6.0 mM, 8.0 mM, 10.0 mM, and 12.0 mM) and 
grown at 37 °C with shaking at 200 rpm for 8 h (time 
at which the end of exponential growth was reached 
in cultures), then the optical density was spectroscopi-
cally determined at 600 nm (OD600nm). At least two in-
dependent experiments were carried out.

Molecular identification of As-tolerant isolates
Genomic DNA from Arsenite Tolerant (AsT) isolates 
was extracted from stationary-phase cultures accord-
ing to a protocol previously described for gram-positive 
bacteria (Cutting & Vander Horn, 1990). Amplification 
of the 16S rDNA gene was accomplished by PCR with 
the high-fidelity Platinum Pfx DNA-polymerase (In-
vitrogen, Carlsbad, CA) following the manufacturer’s 
recommendations, and using 0.3 μM of the primers f 
D1 (5’ AGAGTTTGATCCTGGCTCAG 3’ corresponding 
to E. coli 16S rDNA gene bases 1 to 20) and rP2 (5’ 
ACGGCTACCTTGTTACGACTT 3’ corresponding to E. 
coli 16S rDNA gene bases 1487 to 1507) (Weisburg, 
Barns, Pelletier, & Lane, 1991), and 50 ng of DNA tem-
plate. PCR was performed for 30 cycles, each consisting 
of a 30 s denaturation step at 94 °C, a 30 s anneal-
ing step at 50.9 °C, and a 1 min extension step at 
68 °C. The PCR products were purified with the High 
Pure PCR Product Purification Kit (Roche, Mannheim, 
Germany) and directly sequenced with the same prim-
ers used in PCR. The 16S rDNA assembled sequences 
of the AsT isolates were deposited in the GeneBank 
of the National Center for Biotechnology Informa-
tion (NCBI) with the following accession numbers: 
KX866673 (AsT2), KX866674 (AsT5), KX866675 
(AsT13), KX866676 (AsT14), KX866677 (AsT15), 
KX866678 (AsT18), KX866679 (AsT21), KX866681 
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(AsT23), KX866680 (AsT25), and KT717629 AsT27 
(the latter previously accessed as PbT5 for its Pb tol-
erance). The sequences were compared to the 16S 
ribosomal RNA sequences database of the GeneBank 
of the National Center for Biotechnology Information 
server, and sequence alignment was performed using 
the BLASTN program with a MEGABLAST algorithm 
for highly similar sequences and default parameters 
to determine the sequence identity percentages. The 
determination of bacterial genus (identity ≥ 97%) and 
species (identity ≥ 99%) was based on the parameters 
previously described (Drancourt et al., 2000). The 16S 
rDNA sequences were subjected to pairwise and mul-
tiple sequence alignment using the ClustalW program, 
and the molecular evolutionary analyses were conduct-
ed using MEGA6 (Tamura, Stecher, Peterson, Filipski 
& Kumar, 2013). The sequences used as references 
for the construction of the phylogenetic tree and their 
respective accession numbers (gi) for NCBI database 
are presented below: (631252148) Acinetobacter lwoffii 
strain JCM 6840, (645320411) Acinetobacter haemo-
lyticus strain ATCC 17906, (645320413) Acinetobacter 
johnsonii strain ATCC 17909, (636558862) Bacillus sim-
plex strain LMG 11160, (631251529) Bacillus simplex 
strain NBRC 15720, (343201410) Bacillus simplex strain 
DSM 1321, (651343563) Micrococcus luteus strain NCTC 
2665, (636560518) Micrococcus yunnanensis strain YIM 
65004 and (343205881) Micrococcus endophyticus 
strain YIM 56238.

Morphological and biochemical 
characterization of As-tolerant strains
Phenotypic analysis of the AsT isolates was based on 
colony characteristics, Gram staining and biochemical 
properties such as motility, H2S acid production, 
and acetoin production from glucose, use of citrate and 
mannitol as carbon source, and presence of enzymatic 
activities such as urease, lysine, and ornithine decar-
boxylases, tryptophanase, cytochrome oxidase, cata-
lase and amylase (MacFaddin, 1984). The identification 
was established according to the Bergey’s Manual of 
Determinative Bacteriology (Holt, Rieg, Sneath, Staley 
& Williams, 1994). 

Antimicrobial susceptibility                              
of As-tolerant bacteria
Bacterial resistance to different antibiotics was tested 
by the disk diffusion method and interpreted accord-
ing to manufacturer’s instructions for BBL Antibiotic 
SensiDiscs (Becton Dickinson Microbiology Systems, 
Cockeysville, MD) or Multidiscos* (BIO RAD, Mexico). 

RESULTS AND DISCUSSION

Tolerance to arsenate (AsO4)–3 and arsenite 
(AsO3)3- ions in bacterial strains isolated from 
metal contaminated soil

Due to the constant exposure to arsenic concentra-
tions in metal-contaminated sites, bacteria have de-
veloped adaptive strategies to overcome the toxicity of 
arsenic. In this work, we found a prevalence of gram-
positive and bacilli shape in a group of 28 bacterial 
strains isolated from contaminated soil with arsenic. 
This results are consistent with previous reports that 
indicate a high prevalence of gram-positive species 
of the Arthrobacter, Bacillus, and Micrococcus genera, 
although gram-negative genera such as Pseudomonas, 
Flavobacterium, Acinetobacter, Agrobacterium, and No-
cardia can also be found (Alexander, 1980; Anderson & 
Cook, 2004; Grant, 1982; Jackson, Harrison & Dugas, 
2005). The analysis of arsenic tolerance of 28 bacterial 
isolates revealed that MICs of sodium arsenate (Na-
H2AsO4) and sodium arsenite (NaAsO2) in LB agar were 
in a range of 0 mM and 300 mM and 4 mM to 25 mM, 
respectively (tables 1 and 2), five of this isolates (AsT2, 
AsT5, AsT15, AsT21, and AsT23) showed a high tol-
erance to arsenate and arsenite when compared with 
those reported in genera such as Exiguobacterium, 
Aeromonas, Bacillus, Pseudomonas, Escherichia, Aci-
netobacter with CMIs of 10 mM to 275 mM of sodium 
arsenate As(IV) and 20 mM of sodium arsenite As(III) 
(Anderson & Cook, 2004; Jackson et al., 2005).

The isolates with MICs ≥ 40 mM of NaH2AsO4 —
AsT2 (40 mM), AsT5 (300 mM), AsT13 (60 mM), AsT14 
(200 mM), AsT15 (300 mM), AsT18 (300 mM), AsT21 
(50 mM), AsT23 (300 mM), AsT25 (300 mM) and AsT27 
(40 mM)— were selected to analyze tolerance to arse-
nite ions (AsO3)

3–. The MICs values were determined 
between 4 and 25 mM of NaAsO2 (table 2) and isolates 
with the highest tolerance to both arsenate (AsO4)

–3 
and arsenite (AsO3)

3– ions (AsT2, AsT5, AsT15, AsT21, 
and AsT23) in solid media, were selected to analyze 
growth in liquid cultures supplemented with increas-
ing concentrations of sodium arsenite (NaAsO2). The 
AsT23 isolate, with a MIC value of 12 mM of sodium 
arsenite, showed a higher tolerance to the toxic ef-
fects of arsenite ions (AsO3)

3– in liquid media (figure 1e) 
with respect to isolates AsT2 (7.5 mM), AsT5 (7.5 mM), 
AsT15 (8 mM) and AsT21 (10 mM) and those previ-
ously reported (Banerjee et al., 2011). MICs values in-
dicate that whereas the toxic effects of arsenite ions 
(AsO3)

3– over bacterial growth in both liquid and solid 
media were similar in the AsT2 and AsT5, the isolates 
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AsT15, AsT21, and AsT23 were more sensitive to arse-
nite ions in liquid media than in solid media (table 2 
and figure 1), particularly, AsT15 showed a significant 
decrease of arsenite tolerance in liquid (MIC 8.0 mM) 
when compared with tolerance in solid media (MIC 25 
mM) (table 2 and figure 1), this results suggest that in 
the isolates AsT2 and AsT5 the arsenite tolerance 
is probably related to the presence of an arsenite oxi-
dase (encoded by aso genes) that functions as an initial 
electron donor in aerobic resistance to arsenite allow-
ing the isolates to grow in liquid media under aerobic 
conditions. On the other hand, the tolerance of AsT15, 

AsT21, and AsT23 to arsenite in liquid media prob-
ably decreased due to the absence of arsenite oxidase 
in the isolates, whereupon tolerance may be mediated 
by alternative arsenic-resistance mechanisms (Silver & 
Phung, 2005). However, future studies are required to 
establish the mechanisms involved in arsenic toler-
ance of the AsT. Thus, the high tolerance observed in-
dicate that the AsT isolates analyzed in this work are 
potential candidates for the study of molecular mecha-
nisms involved in tolerance/resistance to arsenic, as 
well as to evaluate the ability to bioaccumulate or bio-
transform toxic arsenic compounds to less toxic ones.

Isolate MIC NaH2AsO4 (mM) Isolate MIC NaH2AsO4 (mM)

AsT-1 20 AsT-15 300*

AsT-2 40* AsT-16 2.5

AsT-3 4.5 AsT-17 4.0

AsT-4 1.0 AsT-18 300*

AsT-5 300* AsT-19 4.0

AsT-6 5.0 AsT-20 2.0

AsT-7 2.5 AsT-21 50*

AsT-8 20 AsT-22 4.0

AsT-9 1.5 AsT-23 300*

AsT-10 2.5 AsT-24 1.0

AsT-11 0 AsT-25 300*

AsT-12 0 AsT-26 4.0

AsT-13 60* AsT-27 40*

AsT-14 200* AsT-28 4.0

Table 1. 
Tolerance of bacterial isolates to sodium arsenate (NaH2AsO4).

(*) Highest MIC strains selected for biochemical and 16s gene sequencing identification and analyses of arsenite-tolerance. 
Source:  Author’s own elaboration.

Isolate MIC NaAsO2 (mM)

AsT-2 8.0*

AsT-5 8.0*

AsT-13 4.0

AsT-14 7.5

AsT-15 25.0*

AsT-18 5.0

AsT-21 13.0*

AsT-23 15.0*

AsT-25 5.0

AsT-27 7.5

Table 2. 
Tolerance of bacterial isolates to sodium arsenite (NaAsO2).

(*) Isolates with the highest MIC were selected to analyze the effects of arsenite ions (AsO3)3- over bacterial growth in liquid culture. 
Source: Author’s own elaboration.
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Identification of As-tolerant bacteria          
such as Bacillus, Micrococcus,                    
and Acinetobacter species

Morphological and biochemical characteristics such 
as cocci shape, positive Gram staining, non-fermenter 
of glucose and mannitol, as well as the presence of 
catalase and oxidase enzymatic activities identified  
the isolates AsT5 and AsT23 as members of the Micro-
coccus genus based on the biochemical characteristics 

reported for this genus (table 3) (Holt et al., 1994; 
Kocur, Kloos & Schleifer, 2006). The isolate AsT13 
was identified as a member of the Acinetobacter ge-
nus based on its non-motil gram-negative cocci shape, 
aerobic, and non-fermenter metabolism, and the ab-
sence of oxidase activity in agreement with charac-
teristics reported for this genus (Hernández Torres, 
García Vásquez, Yagüe & Gómez Gómez, 2010; Holt et 
al., 1994) (table 3). On the other hand, isolates AsT2, 
AsT14, AsT15, AsT18, AsT21, AsT25 and AsT27 were 
identified as members of the Bacillus genus based on 

Figure 1. Effect of arsenite ions on growth of different bacterial strains exposed to increasing concentrations of NaAsO2 in liquid culture. a) Bacillus simplex, AsT2; 
b) Micrococcus luteus AsT5; c) Bacillus simplex AsT15; d) Bacillus simplex AsT21; e) Micrococcus sp. AsT23. Overnight cultures were inoculated into fresh 
LB broth with increasing amounts of NaAsO2 and incubated for 8 h at 37 °C and 200 rpm; the O.D600nm was measured. Data are the average of two 
independent experiments. 

Source: Author’s own elaboration.
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its bacilli shape, positive gram staining, ability to pro-
duce endospores, aerobic facultative growth and the 
presence of catalase and amylase enzymatic activi-
ties (Holt et al., 1994) (table 3).

We conducted molecular identification based on 
amplification and sequence analysis of the 16S rDNA 
ribosomal gene of the arsenic-tolerant isolates that 
corroborates with phenotypic identification, this anal-
ysis identified the AsT2, AsT14, AsT15, AsT18, AsT21, 
AsT25, and AsT27 isolates as Bacillus simplex (99% 
identity), the AsT13 was identified as Acinetobacter 
lwoffii (99% identity) and the AsT5 and AsT23 isolates 
as Micrococcus luteus (99% identity) and Micrococcus sp. 
(89% identity), respectively. The phylogenetic analysis 

grouped the AsT isolates into three different phyla that 
include firmicutes (Bacillus species), actinobacteria (Mi-
crococcus species), and proteobacteria (Acinetobacter 
species) (figure 2), in accordance with the wide distribu-
tion of arsenic resistance in bacteria. The identification 
showed a high prevalence of the Bacillus genus, which 
is widely distributed in natural environments (Castillo, 
Sosa & Scorza, 2004; Felske, Heyrman, Balcaen & De 
Vos, 2003). Moreover, the results are in agreement with 
previous studies that report the isolation of bacteria 
from arsenic contaminated soil that pertain to Bacillus, 
Pseudomonas, Acinetobacter, Artrobacter, and Micrococ-
cus genus (Archour, Bauda & Billard, 2007; Megharaj, 
Avudainayagam & Naidu, 2003), the results indicate that 
arsenic tolerance is widely distributed between these 
genus in arsenic contaminated environments.

Source: Author’s own elaboration.

Table 3. 
Morphology and Biochemical characteristics of arsenic-tolerant soil bacteria.

Morphology
Biochemical properties
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AsT-2 
(Bacillus 
simplex)

Yellow, smooth, 
round, convex. 4 mm 

- 6 mm diameter

Bacilli
Gram 

positive 
+ + - + - - + - + - - - + -

AsT-5 
(Micrococcus 
luteus)

Yellow, smooth, 
round  2 mm - 3 mm 

diameter

Cocci
Gram 

positive
- - - - - - - - + + - + + +

AsT-13
(Acinetobac-
ter iwofii)

White, creamy, 
smooth, round,  

convex 2 mm - 3 mm 
diameter

Cocci
Gram 

negative
- - - - - - - - + + - - + -

AsT-14 
(Bacillus 
simplex)

Irregular, gray, um-
bonate, flat 4 mm-

6 mm diameter

Long bacilli
Gram 

positive
+ + - + - - - - - - - + + +

AsT-18 
(Bacillus 
simplex)

Irregular, white, um-
bonate, flat. 4 mm - 

6 mm diameter

Long bacilli
Gram 

positive
+ + - + - - - - - - - - + +

AsT-21 
(Bacillus 
simplex)

Irregular, white, um-
bonate, flat 4 mm - 

6 mm diameter

Bacilli
Gram 

positive
+ + - + - - - - + - - + + +

AsT-23 
(Micrococcus 
sp.)

Punctiform, round,  
light yellow, smooth 

1 mm - 3 mm
diameter

Cocci
Gramposi-

tive
- - - - - - - - + - - + + +

AsT-25 
(Bacillus 
simplex)

Regular, white, flat, 
creamy, 4 mm - 
6 mm  diameter

Bacilli
Gram 

positive
+ + - + - - - - - - - + + +

AsT-27 
(Bacillus 
simplex)

Regular, cream, 
flat, shinny, smooth 

5 mm - 7 mm 
diameter

Bacilli
Gram 

positive
+ + - + - - + - + - - - + -
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The identification of the Acinetobacter species is 
consistent with the normal habitat of the most species 
of this genus, which is widely distributed in different 
water and soil environments, even in soils with organic 
pollutants and heavy metals such as arsenic (Archour et 
al., 2007; Cai, Liu, Rensing & Wang, 2009). However, 
some species such as A. baumannii and A. johnsonii, 
A. haemolyticus and A. lwoffi, also present as a nor-
mal part of the skin microbiota, mucous membranes, 
respiratory secretions, urine and other clinical sam-
ples, and are commonly associated with opportunistic 
infections especially in patients with a compromised 
immune systems in hospital environments (Barbe 
et al., 2004; Guardabassi, Dalsgaard & Olsen, 1999; 
Hernández Torres et al., 2010). On the other hand, it 
has been reported that members of the Acinetobacter 
genus have great potential in biotechnological appli-
cations, degradation of hydrocarbons in diesel con-
taminated soils, and bioremediation (Gallego, Loredo, 
Llamas, Vázquez & Sánchez, 2001; Koma et al., 2001) 
and Micrococcus luteus has been widely used in bio-
technological biodegradation and/or bioremediation 

processes because it has been shown that this organ-
ism is capable of using some contaminants as a food 
source (Kayode-Isola, Eniola, Olayemi & Igunnugbe-
mi, 2008). Therefore, the results obtained in this work 
are the basis for future studies that are needed to es-
tablish the potential of these arsenic-tolerant isolates to 
be used in biotechnological processes.

Antibiotic resistance of Arsenic-tolerant bacteria

The analysis of antibiotic resistance revealed a moderate 
prevalence of resistance (in at least 50% of isolates) 
to beta-lactamics such as cefotaxime, ceftazidime, ce-
furoxime, dicloxacillin and penicillin, whereas resis-
tance to antibiotics such as vancomycin (glycopeptide), 
nitrofurantoin (sulfamide), and ceftriaxone (cephalospo-
rin) was observed in a 30% to 40% of the arsenic-tolerant 
isolates. In contrast, a low prevalence of resistance (0% 
to 10% of isolates) to ampicillin, levofloxacin, cepha-
lothin, chloramphenicol, netilmicin, cefepime, sulfa-
methoxazole, pefloxacin, tetracycline, ciprofloxacin, and 

Figure 2. Molecular phylogenetic analysis of AsT isolates. The evolutionary history was inferred by using the Maximum Likelihood method based on the Tamura-Nei 
model (Tamura & Nei, 1993). The tree with the highest log likelihood (-3200.2978) is shown. The percentage of trees in which the associated taxa clustered 
together is shown next to the branches. Initial tree(s) for the heuristic search were obtained by applying the Neighbor-Joining method to a matrix of pairwise 
distances estimated using the Maximum Composite Likelihood (MCL) approach. The tree is drawn to scale, with branch lengths measured in the number of 
substitutions per site. The analysis involved 19 nucleotide sequences. All positions containing gaps and missing data were eliminated. There were a total 
of 961 positions in the final dataset. Evolutionary analyses were conducted in MEGA6 (Tamura et al., 2013).

Source: Author’s own elaboration.
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erythromycin was observed (table 4). The isolation of 
an Acinetobacter lwoffi strain (opportunistic pathogen) 
resistant to several antibiotics at the sampling site, 
which is currently urbanized, is indicative of the dis-
tribution of multi-resistant pathogens to antibiotics 
in natural environments, which have also developed 
a high tolerance and/or resistance to toxic metals. 
The above result is supported by previous studies that 
show an association between plasmid-mediated metal 
tolerance and multiple antibiotic resistance (Calomiris, 
Armstrong & Seidler, 1984; Tewari, Ramteke, Tripathi, 
Kumar & Garg, 2013; Timoney, Port, Giles & Spanier, 
1998). Therefore, the results contribute to the under-
standing of the public health problem in Zacatecas re-
lated to multi-resistance to antibiotics by human and 
animal pathogens.

CONCLUSIONS
The identification and characterization of autochtho-
nous bacteria with high tolerance to arsenic conducted 
in this study constitutes the first approach to inves-
tigate the mechanisms involved in arsenic resistance 
and its relationship with antibiotic multiresistance to 
contribute to the discovery of soil microbes with poten-
tial applications for biotransformation and waste treat-
ment of arsenic-polluted sites.

ACKNOWLEDGEMENTS
This work was supported by FOMIX CONACYT-
ZAC (Grant ZAC-2013-C01-202597) and the SEP-
PROMEP Program.

REFERENCES
Abbas, S. Z., Riaz, M., Ramzan, N., Zahid, M. T., Shakoori, F. R., & Rafatullah, 

M. (2014). Isolation and characterization of arsenic-resistant bacteria from 
wastewater. Brazilian Journal of Microbiology, 45(4), 1309-1315.

Achour,  A. R., Bauda, P., & Billard, P. (2007). Diversity of arsenite transporter genes 
from arsenic-resistant soil bacteria. Research Microbiology, 158(2), 128-137.

Achour, A. R., Cordi, A., Poupin, P., Bauda, P., & Billard, P. (2010). Characteriza-
tion of the ars Gene Cluster from Extremely Arsenic-Resistant Microbacteri-
um sp. strain A33. Applied and Environmental Microbiology, 76(3), 948-955.

Alexander, M. (1980). Introducción a la microbiología del suelo (2nd. ed). México: 
Libros y Editoriales S.A.

Anderson, C. R., & Cook, G. M. (2004). Isolation and characterization of arsenate-
reducing bacteria from arsenic-contaminated sites in New Zealand. Current 
Microbiology, 48(5), 341-347.

Baker-Austin, C., Dopson, M., Wexler, M., Sawers, R. G., Stemmler, A., Rosen, 
B. P., & Bond, P. L. (2007). Extreme arsenic resistance by the acidophilic 
archaeon Ferroplasma acidarmanus Fer1. Extremophiles, 11(3), 425-434.

Banerjee, S., Datta, S., Chattyopadhyay, D., & Sarkar, P. (2011). Arsenic accumu-
lating and transforming bacteria isolated from contaminated soil for potential 
use in bioremediation. Journal of Environmental Science and Health Part A, 
46(14), 1736-1747. 

Barbe, V., Vallenet, D., Fonknechten, N., Kreimeyer, A., Oztas, S., Labarre, L., 
Cruveiller, S., Robert, C., Duprat, S., Wincker, P., Ornston, L. N., Weissen-
bach, J., Marlière, P., Cohen, G. N., & Médigue, C. (2004). Unique features 
revealed by the genome sequence of Acinetobacter sp. ADP1, a versatile 
and naturally transformation-competent bacterium. Nucleic Acids Research, 
32(19), 5766-5779. 

Susceptibility of bacterial isolates to antibiotics

1a 2b 3c 4c 5c 6c 7c 8d 9c 10c 11 12b 13 f 14e 15c 16c 17b 18c 19g 20c h

AsT2 (B. simplex) S S S R S S S S R R R S R S S S S S S R S

AsT5 (M. luteus) S S S S S S S S S R R R R S S S S S S S S

AsT13 (A. lwoffii) S S R S S S S S S S R S R S S S S R S S R

AsT14 (B. simplex) S S S R S S S S R R S S S S S S S S S R S

AsT15 (B. simplex) S S S R S S R S R R R S S S S S S R S S S

AsT18 (B. simplex) S S S R S S S S R S R S R S R S S S R R S

AsT21 (B. simplex) R S S R S S S S R R R S R S S S S S S S S

AsT23 (Micrococcus sp.) S S S S S S S S S S R R S S S S S S S S S

AsT25 (B. simplex) S S S S S S S S R R R S R S S S S R S R R

AsT27 (B. simplex) S S S S S S S S S S S S S S S S S R S S R

Table 4. 
Antimicrobial susceptibility of arsenic-tolerant soil bacteria.

1: Ampicillin; 2: Levofloxacin; 3: Cephalothin; 4: Cefotaxime; 5: Col; 6: Netilmicin; 7: Cefepime; 8: Trimeth/Sulpha; 9: Ceftazidime; 10: Cefuroxime; 11: Dicloxacillin; 12: 
Pefloxacine; 13: Penicillin; 14: Tetracyclin; 15: Amikacin; 16: Gentamicin; 17: Ciprofloxacin; 18: Vancomycin; 19: Erythromycin; 20: Ceftriaxone. 
R: resistant; S:susceptible. Antibiotic concentrations: a: 10 μg; b:  5 μg; c: 30 μg; d: Trimethoprim/Sulphamethoxazole 25 μg; e: 1 μg; f: 10 IU; g: 15 μg; h: 300 μg. (BBL 
Antibiotic SensiDiscs, BD. Gram Positive and Gram Negative II Multidisc, BIO-RAD).
Source: Author’s own elaboration.



Vol. 27 No. 3 Mayo-Junio 2017 17

I S S N  0 1 8 8 - 6 2 6 6

Arsenic tolerance in bacterial cultures isolated from metal contaminated soil | Azucena Lucero Alaniz-
Andrade, Consuelo Letechipía de León, Rosa María Ramírez-Santoyo, Jesús Guzmán-Moreno, Luz 
Elena Vidales-Rodríguez  | pp. 9-18

Bentley, R., & Chasteen, T. G. (2002). Microbial methylation of metalloids: arse-
nic, antimony, and bismuth. Microbiology Molecular Biology Reviews, 66(2), 
250-271.

Branco, R., Chung, A. P., & Morais, P. V. (2008). Sequencing and expression of 
two arsenic-resistance strain Ochrobactrum tritici SCII24T. BMC Microbiol-
ogy, 8(1), 95-107.

Bruneel, O., Personné, J. C., Casiot, C., Leblanc, M., Elbaz-Poulichet, F., Mahler, 
B. J., Le Flèche, A., & Grimont, P. A. (2003). Mediation of arsenic oxidation 
by Thiomonas sp. in acid-mine drainage (Carnoules, France). Applied Micro-
biology, 95(3), 492-499.

Cai, L., Liu, G., Rensing, C., & Wang, G. (2009). Genes involved in arsenic trans-
formation and resistance associated with different levels of arsenic-contam-
inated soils. BMC Microbiology, 9(1), 4-14.

Calomiris, J., Armstrong, J. L., & Seidler, R. J. (1984). Association of metal tol-
erance with multiple antibiotic resistance of bacteria isolated from drinking 
water. Applied and Environmental Microbiology, 47(6), 1238-1242.

Castillo, C., Sosa, B., & Scorza, J. (2004). Evaluación de la termorresistencia en 
metabolitos antifúngicos, producidos por esporulados del género Bacillus. 
Revista de la Sociedad Venezolana de Microbiología, 24(1-2), 65-67.

Chen, S., & Shao, Z. (2009). Isolation and diversity analysis of arsenite-resistance 
bacteria in communities enriched from deep-sea sediments of the Southwest 
Indian Ocean Ridge. Extremophiles, 13(1), 39-48.

Cullen, W. R., & Reimer, K. J. (1989) Arsenic speciation in the environment. Chem-
ical Reviews, 89(4), 713-764.

Cutting, S. M., & Vander Horn, P. B. (1990). Genetic analysis. In: Harwood, C. R. 
& Cutting, S. M. (eds.) Molecular biological methods for Bacillus (pp. 27-74). 
Sussex: John Wiley & Sons.

Drancourt, M., Bollet, C., Carlioz, A., Martelin, R., Gayral, J. P., & Raoult, D. 
(2000). 16S Ribosomal DNA Sequence Analysis of a Large Collection of 
Environmental and Clinical Unidentifiable Bacterial Isolates. Journal of Clini-
cal Microbiology, 38(10), 3623-3630.

Felske, A. D., Heyrman, J., Balcaen, A., & De Vos, P. (2003). Multiplex PCR 
screening of soil isolates for novel Bacillus-related lineages. Journal of Mi-
crobiology Methods, 55(2), 447-58.

Gallego, J. L., Loredo, J., Llamas, J. F., Vázquez, F., & Sánchez, J. (2001). Biore-
mediation of diesel-contaminated soils: evaluation of potential in situ tech-
niques by study of bacterial degradation. Biodegradation, 12(5),325-335.

Gihring, T. M., Druschel, G. K., McCleskey, R. B., Hamers, R. J., & Banfield, J. F. 
(2001). Rapid arsenite oxidation by Thermus aquaticus and Thermus ther-
mophilus: field and laboratory investigations. Environmental Sciences and 
Technology, 35(19), 3857-3862. 

Grant, W. (1982). Microbiología ambiental. Zaragoza: Acribia.

Goswami, R., Mukherjee, S., Rana, V. S., Saha, D. R., Raman, R., Padhy, P. K., 
& Mazumder, S. (2015). Isolation and Characterization of Arsenic-Resistant 
Bacteria from Contaminated Water-Bodies in West Bengal, India. Geomicro-
biology Journal, 32(1), 17-26.

Guardabassi, L., Dalsgaard, A., & Olsen, J. E. (1999). Phenotypic characteriza-
tion and antibiotic resistance of Acinetobacter spp. isolated from aquatic 
sources. Journal of Applied Microbiology, 87(5), 659-667.

Hernández Torres, A., García Vásquez, E., Yagüe, G., & Gómez Gómez, J. (2010). 
Acinetobacter baumanii multirresistente: situación clínica actual y nuevas 
perspectivas. Revista Española de Quimioterapia, 23(1), 12-19.

Holt, J. G., Rieg, N. R., Sneath, P. H. A., Staley, J. T., & Williams, S. T. (1994). 
Bergey’s Manual of Determinative Bacteriology (9th ed.). Maryland: Williams 
and Wilkins. 

Islam, F. S., Gault, A. G., Boothman, C., Polya, D. A., Chamok, J. M., Chatterjee, 
D., & Lloyd, J. R. (2004). Role of metal-reducing bacteria in arsenic release 
from Bengal delta sediments. Nature, 430(6995), 68-71.

Jackson, C. R., Harrison, K. G., & Dugas, S. L. (2005). Enumeration and charac-
terization of culturable arsenate resistant bacteria in a large estuary. System-
atic and Applied Microbiology, 28(8), 727-734.

Kayode-Isola, T. M., Eniola, K. I. T., Olayemi, A. B., & Igunnugbemi, O. (2008). 
Response of Resident Bacteria of a Crude Oil-Polluted River to Diesel Oil. 
American-Eurasian Journal of Agronomy, 1(1), 6-9.

Kocur, M., Kloos, W. E., & Schleifer, K. H. (2006). The Genus Micrococcus. In: 
M., Dworkin, S., Falkow, E., Rosenberg, K. H., Schleifer, & E., Stackebrandt 
(Eds). (pp. 961-971). The Prokaryotes New York: Springer.

Koma, D., Hasumi, F., Yamamoto, E., Ohta, T., Chung, S. Y., & Kubo, M. (2001). 
Biodegradation of long-chain n-paraffins from waste oil of car engine by 
Acinetobacter sp. Journal of Bioscience and Bioengineering, 91(1), 94-96.

MacFaddin, J. F. (1984). Pruebas bioquímicas para la identificación de bacterias 
de importancia clínica. Ciudad de México: Ed. Médica Panamericana S.A. 

Majumder, A., Ghosh, S., Saha, N., Kole, S. C., & Sarkar, S. (2013). Arsenic ac-
cumulating bacteria isolated from soil for possible application in bioremedia-
tion. Journal of Environmental Biology, 34(5), 841-846.

Mateos, L. M., Ordóñez, E., Letek, M., & Gil, J. A. (2006). Corynebacterium glu-
tamicum as a model bacterium for bioremediation of arsenic. International 
Microbiology, 9(3), 207-215.

Megharaj, M., Avudainayagam, S., & Naidu, R. (2003). Toxicity of hexavalent chro-
mium and its reduction by bacteria isolated from soil contaminated with tan-
nery waste. Current Microbiology, 47(1), 51-4.

Mokashi, S. A., & Paknikar, K. M. (2002). Arsenic (III) oxidizing Microbacterium 
lacticum and its use in the treatment of arsenic contaminated ground-water. 
Letters in Applied Microbiology, 34(5), 258-262.

Muller, D., Médigue, C., Koechler, S., Barbe, V., Barakat, M., Talla, E., Bonnefoy,  
V., Krin, E.,  Arsène-Ploetze, F., Carapito, C., Chandler, M., Cournoyer, B., 
Cruveiller, S., Dossat, C., Duval, S., Heymann, M., Leize, E., Lieutaud, A., 
Lièvremont, D., Makita, Y., Mangenot, S., Nitschke, W., Ortet, P., Perdrial, N., 
Schoepp, B., Siguier, P., Simeonova, D. D., Rouy, Z., Segurens, B., Turlin, 
E., Vallenet, D., Van Dorsselaer, A., Weiss, S., Weissenbach, J., Lett, M. C., 
Danchin, A., & Bertin, P. N. (2007). A tale of two oxidation states: Bacterial 
colonization of arsenic-rich environments. PLoS Genetics, 3(4)e53, 518-530.



I S S N  0 1 8 8 - 6 2 6 6

Vol. 27 No. 3 Mayo-Junio 2017    18 Arsenic tolerance in bacterial cultures isolated from metal contaminated soil | Azucena Lucero Alaniz-
Andrade, Consuelo Letechipía de León, Rosa María Ramírez-Santoyo, Jesús Guzmán-Moreno, Luz 
Elena Vidales-Rodríguez  | pp. 9-18

Nagvenkar, G. S., & Ramaiah, N. (2010). Arsenite Tolerance and Biotransforma-
tion Potential in Estuarine Bacteria. Ecotoxicology, 19(4), 604-613. 

Nies, D. H. (1999). Microbial heavy metal resistance. Applied Microbiology and 
Biotechnology, 51(6), 730-750.

Novick, R. P., & Roth, C. (1968). Plasmid-linked resistance to inorganic salts in 
Staphylococcus aureus. Journal of Bacteriology, 95(4), 1335-1342.

Oremland, R. S., & Stolz, J. F. (2003). The ecology of arsenic. Science, 300(5621), 
939-944.

Oremland, R. S., Stolz, J. F., & Hollibaugh, J. T. (2004). The microbial arsenic cycle 
in Mono Lake, California. FEMS Microbiology and Ecology, 48(1), 15-27.

Osborne, F. H., & Erlich, H. L. (1976). Oxidation of arsenite by a soil isolate of 
Alcaligenes. Applied Bacteriology, 41(2), 295-305.

Pepi, M., Volterrani, M., Renzi, M., Marvasi, M., Gasperini, S., Franchi, E., & 
Focardi, S. E. (2007). Arsenic-resistant bacteria isolated from contaminated 
sediments of the Orbetello Lagoon, Italy, and their characterization. Journal 
of Applied Microbiology, 103(6), 2299-2308.

Rosen, B. P. (2002). Biochemistry of arsenic detoxification. FEBS Letters, 529(1), 
86-92.

Salmassi, T. M., Venkateswaren, K., Satomi, M., Nealson, K. H., Newman, D. K., 
& Hering, J. G. (2002). Oxidation of arsenite by Agrobacterium albertimagni, 
AOL15, sp nov., isolated from Hot Creek, California. Geomicrobiology, 19(1), 
53-66.

Santos-Santos, E., Yarto-Ramírez, M., Gavilán-García, I., Castro-Díaz, J., Gavilán-
García, A., Rosiles, R., Suárez, S., & López-Villegas, T. (2006). Analysis of 
arsenic, lead and mercury in farming areas with mining contaminated soils at 
Zacatecas, Mexico. Journal of the Mexican Chemical Society, 50(2), 57-63.

Selvi, M. S., Sasikumar, S., Gomathi, S., Rajkumar, P., Sasikumar, P., & Govindan, 
S. (2014). Isolation and characterization of arsenic resistant bacteria from 
agricultural soil, and their potential for arsenic bioremediation. International 
Journal of Agricultural Policy and Research, 2(11), 393-405.

Silver, S., & Phung, L. T. (2005). A bacterial view of the periodic table: genes and 
proteins for toxic inorganic ions. Journal of Industrial Microbiology and Bio-
technology, 32(11), 587-605. 

Tamura, K. & Nei, M. (1993). Estimation of the number of nucleotide substitutions 
in the control region of mitochondrial DNA in humans and chimpanzees. Mo-
lecular Biology and Evolution, 10(3), 512-526.

Tamura, K., Stecher, G., Peterson, D., Filipski, A., & Kumar, S. (2013). MEGA6: 
Molecular Evolutionary Genetics Analysis version 6.0. Molecular Biology 
and Evolution, 30(12), 2725-2729.

Tewari, S., Ramteke, P. W., Tripathi, M., Kumar, S., & Garg, S. K. (2013). Plasmid 
mediated transfer of antibiotic resistance and heavy metal tolerance in ther-
motolerant water borne coliforms. African Journal of Microbiology Research, 
7(2), 130-136.

Timoney, J. F., Port, J., Giles, J., & Spanier, J. (1998). Heavy-metal and antibiotic 
resistance in the bacterial flora of sediments of New York Bight. Applied and 
Environmental Microbiology, 36(3), 465-472.

Weeger, W., Lievremont, D., Perret, M., Lagarde, F., Hubert, J. C., Leroy, M., Lett, 
M. C. (1999). Oxidation of arsenite to arsenate by a bacterium isolated from 
an aquatic environment. Biometals, 12(2), 141-149.

Weisburg, W. G., Barns, S. M., Pelletier, D. A. & Lane, D. J. (1991). 16S Ribosomal 
DNA Amplification for Phylogenetic Study. Journal of Bacteriology, 173(2), 
697-703.


