
Introduction

Industries are continuously releasing large 
concentrations of chromium(VI), which has caused the 
toxic contamination of soil and water systems due to 
its teratogenic, mutagenic, and carcinogenic properties 
[1]. Chromium has extensive industrial applications 
(i.e., in metallurgy, leather tanning, glass staining, 
wood preservation, aluminum anodization [2], cement 
production, aircraft production, negative/film developing, 

and nuclear energy) [3]. Chromium can exist from +2 to 
+6 oxidation states, but Cr(III) and Cr(VI) are the center of 
attention [4]. Trivalent chromium is less toxic as compared 
to hexavalent chromium, so Cr(VI) to Cr(III) conversion 
is a proficient way to combat its contamination. Cr(VI), 
being water soluble, easily crosses the cell membrane 
while Cr(III) forms water-insoluble precipitates, so its 
easy removal makes it less toxic [5]. Chromate oxyanions 
has structural similarity to SO4

-2, so its moves through non-
specific phosphate/sulphate anionic transporters across 
plasma membranes of both eukaryotic as well as bacterial 
cells. After absorption, it is reduced to C(V) radical, 
which helps in the formation of reactive oxygen species 
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(ROS). The oxidative stress results in DNA damage and 
modulates the action of the p53 gene (apoptotic and 
tumor suppressor) and causes carcinogenicity [6]. The 
U.S. Environmental Protection Agency has categorized 
hexavalent chromium as a known human carcinogen via 
inhalation (one of among 17 life-threatening chemicals), 
and has declared Cr(III) a non-carcinogen [7].  

Remediation of chromium is necessary so as to avoid 
the toxicity due to its contamination. Conventionally, it 
was removed by ion exchange, precipitation, adsorption, 
chemical reduction, and membrane separation, but 
these are expensive [8]. Attention has been diverted 
toward remediation through cost-effective and eco-
friendly biomaterials. Cr(VI) could be removed from 
wastewater by bacteria, fungi, and algae, and these could 
be applied to industrial as well as agricultural wastes 
[9]. Microorganisms have the ability to tolerate noxious 
metal-contaminated environments. This tolerance is 
mediated by resistance genes preset in plasmid, DNA 
methylation, adsorption uptake, metal efflux channels,  
and enzymatic reduction of metals (metal 
biotransformation), or by combining metals with other 
metabolites (i.e., metal is immobilized so it no longer 
remains toxic for the environment) [10]. Bacteria with high 
chromium-reducing ability include E.coli, Agrobacterium, 
Enterobacter, Shewanella, Thermus, Bacillus, and 
Pseudomonas [11]. 

The present study was carried out to check the profile 
of chromium-resistant bacteria present in polluted areas, 
as well as to check their chromate reduction potential. 

Material and Methods

Isolation of Strains 

Sample collection sites were three industrially 
contaminated cities of Pakistan (Sialkot, Kasur, and Kala 
Shah Kaku). Samples included both soil and effluent. 
The pH and temperature were recorded on site. Serial 
dilutions were inoculated on Luria Bertani agar plates 
supplemented with 5 mM hexavalent chromium salt and 
incubated overnight at 37ºC. 

Minimum Inhibitory Concentration

Minimum inhibitory concentration (MIC) was 
determined to select strains that could resist high 
concentrations of chromium. For this purpose, bacterial 
inoculums were prepared in LB broth supplemented with 
varying concentrations of potassium chromate: 10, 20, 30, 
40, 50, 60, 70, 80, 100, 125, 150, 175, 200, and 250 mM. 
Shaking cultures (200 rpm) were incubated at 37ºC for 72 
hours. 

Chromium Reduction Screening

Reduction of chromium was estimated using the 
protocol reported by Clesceri et al. [12]. After inoculation 

into DeLeo and Ehrlich [13] medium, Cr(VI) reduction 
by bacteria was examined by spectrophotometery of 
the supernatant (O.D at 540 nm). To calculate Cr(VI) 
concentration, a calibration curve was established using 
standard solutions with 0.1 mM to 2 mM of Cr(VI). 

Morphologic and Biochemical Analysis

Selected strains were morphologically, biochemically, 
and physiologically characterized. Morphological 
characterization was done by viewing colony morphology 
as well as cell morphology. Biochemical characterization 
was done using catalase, oxidase, and other tests, i.e., 
carbohydrate fermentation (lactose, starch, sucrose, and 
mannitol). We also performed the nitrate reduction and 
arginine hydrolysis test.

16S rRNA Analysis 
for Genetic Characterization 

All the isolated chromium-resistant bacteria were 
refreshed and shipped to Macrogen, Inc. for 16S rRNA 
analysis. A DNA template was prepared for PCR. 1492R 
(TAC ggY TAC CTT gTT ACg ACT T) and 27F (AgA 
gTT TgA TCM TGG CTC Ag) were the universal primers. 
PCR products of approx. 1,400 bp were sequenced 
(Applied BioSystems, USA) by using two universal 
primers: 800R (TAC CAg ggT ATC TAA TCC) and 518F 
(CCA gCA gCC gCg gTA ATA Cg). Sequencing products 
were analyzed on an automated (Applied BioSystems, 
USA) DNA sequencing system. Nucleotide sequence was 
analyzed using MEGABLAST [14].

Physiological Characteristics 

The multiple metal tolerance profile of chromium-
resistant bacterial strains was characterized by testing 
with different concentrations of: Zn2+ (ZnSO4), Hg2+ 

(HgCl2), Cu2+ (CuSO4), Mn2+ (MnSO4), Cd2+ (CdCl2), and 
As6+ (Na2HAsO4). The antibiotic susceptibility profile 
was checked with different antibiotics: ampicillin (Amp)  
– 25 µg ml-1, oxytetracyclin (T) – 30 µg ml-1, 
erythromycin (E) – 15 µg ml-1, chloramphenicol (C) – 30 
µg ml-1, treptomycin (STM) – 10 µg ml-1, and Kanamycin 
– 30 µg ml-1. Growth curve of organisms was studied, 
both in the presence (Cr(VI); 500 µg ml-1) and absence 
of chromium. O.D (600 nm) of inoculated LB broth was 
taken after 2, 4, 8, 12, 18, 24, 36, 48, 60, 72, and 96 hours. 
Triplicate cultures were used for each strain [15]. To check 
for the effects of pH on bacterial growth, 100 µl of bacterial 
inoculums were used for different pH levels (3, 5, 7, and 9) 
of the LB broth (amended with 0 and 0.5 mg/ml of K2CrO4). 
The experiment was performed in triplicate for each pH.

Different temperatures, i.e., 28ºC, 37ºC, and 45ºC 
were studied for their possible impact on bacterial growth. 
Inoculum was given in L-broth (with and without 0.5 mg 
ml-1 K2CrO4) and incubated at different temperatures for 
24 hours. Triplicate for each strain and temperature was 
taken.
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Nutritional Requirement of Chromium-Resistant 
Bacteria

Two experiments were performed to check for any 
effect of nutrients on bacterial growth. Firstly, to check 
the nutritional requirement strains were inoculated in eight 
different sets of tubes containing different nutrients. In 
each tube, Tanners medium with a 20 mM PIPES buffer 
was used along/in combination with substrates (10 mM 
glucose, 1% yeast extract, or 1% casein). In the second 
experiment, the minimum nutritional requirement was 
determined by inoculating the Tanners medium with  
20 mM PIPES buffer supplemented with 0.1%, 0.25%, and 
0.5% concentrations of yeast extract. Both experiments 
were run in triplicate.

To determine the chromium reduction potential of 
bacteria, Tanners medium with 20 mM PIPES and yeast 
extract (0.1%) was used to inoculate the strains. Pellet 
was obtained and suspended into PIPES buffer (20 mM) 
supplemented with either 0.1% yeast extract or 10 mM 
glucose, or both. After adding 1 mM Cr(VI), flasks were 
placed on shaker at 37°C and O.D was taken at intervals.

Biological chromate reduction was checked by 
inoculating strains in six sets of tubes. All tubes had 
Tanners medium and 20 mM PIPES buffer. Two sets 
were used as positive and negative controls. The second 
set contained 1 mM Cr(VI), the third set had yeast extract 
(0.1%) and 1 mM Cr(VI), the fourth had citric acid 
(0.1%) and 1 mM Cr(VI), and tubes of the fifth set had 
yeast extract (0.1%)  and 1 mM Cr(VI). Following the 
diphenylcarbazide method, O.D was noted for the first at 
time at 0, and then at 24, 48, and 72 hours.

Results

Isolation and Biological Characterization 
of Strains

Serially diluted soil and effluent samples were 
inoculated on LB agar plates with chromium salt. 
Initially, 73 morphologically distinct colonies were 
selected and purified after having survived the chromium 
stress. Twenty-five isolates resisted chromate at high 
concentration. The maximum tolerable concentration 
(MTC) of chromium was determined for each of 25 strains. 
Eleven isolates that had MTC ≥ 250 mM were finalized: 
KS1W, SIS21, KSKE3, KM2, SIS22, MWM81, SIS51, 
MWM82, KSKE41, AM81, and KSKE42. 375 mM was 
the highest MTC observed against chromium(VI) among 
AM81 (gram-positive rods), whereas isolates MWM82, 
KM2, KSKE42, and SIS51 resisted up to 350 mM of 
Cr(VI) (Fig. 1). 

All chromium-resistant strains were found to be 
Gram positive. SIS22, KSKE41, SIS51, KSKE42, and 
SIS21 were found to be cocci, and the other was rod-
shaped. All strains were capsulated except KM2, AM81, 
and MWM81. Endospore formation was not observed in 
any of the strains. Each isolate was positive for catalase 

enzyme production. The majority of the strains were 
oxidase negative except for AM81, MWM81, and KSKE3. 
No strict anaerobe was found, i.e., each strain was either 
aerobe or facultative anaerobe. The majority of isolates 
were able to assimilate sugars, i.e., glucose, mannitol, 
lactose, and sucrose. The isolate KM2 was an exception 
that did not consume any sugars in its energy production. 
The characteristics and biochemical properties of the 
isolates are specified in Table 1.

Physiological Characterization

Bacterial Growth Curve

Cr(VI) stress had no pronounced effect on the growth 
rate of bacterial isolates with th exception of those of 
KSKE42. The majority of the strains entered into log 
phase after two hours of incubation, despite the absence 
or presence of metal stress. AM81 and MWM81 showed 
extended log phase, i.e., 12-24 hours. Simultaneously, 
Cr(VI) also affected the death phase of SIS21 and KSKE42, 
which started just after 12 and 8 hours of incubation, 
respectively, while in metal free cultures isolates entered 
the death phase after 24 hours. The detailed results of the 
growth curve are written in Fig. 2. 

Effects of Temperature and pH on Bacterial Growth

Although all the isolates preferred neutral pH for their 
growth, they were also able to grow in alkaline pH (i.e., 
9). Strains show sensitivity toward acidic pH, but KSKE3, 
KSKE41, and KSKE42 were able to grow at pH 5 (Fig. 3). 
The most suitable temperature for the majority of isolates 
was 37ºC, followed by 45ºC. KM2, SIS21, and KSKE42 
were the best grower at 45ºC, and the growth of strains 
was reduced at 28ºC (Fig. 4).  

Metal Resistance

The majority of strains resisted other heavy metals 
besides chromium. Cadmium chloride was found to be 
inhibitory for the majority of isolates. However, strains 
MWM81, AM81, KS1W, and MWM 82 resisted up to  
4 mM of CdCl2, while KSKE3 easily tolerated up to 5 mM. 
Isolates also showed resistance to lower concentrations  

Fig. 1. Maximum tolerable concentrations of hexavalent 
chromium for bacterial isolates.
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of HgCl2, except KM2 and KSKE41. All strains tolerated 
the CuSO4 stress at different concentrations. MWM81 
and KSKE3 were most efficient at resisting high 
concentrations of various heavy metals, i.e., 5 mM for 
CuSO4, 6 mM of ZnSO4, 8 mM of Na2HAsO4, and 8 mM 
of MnSO4. However, resistance to MnSO4 (i.e., 14 mM) 
was conferred by isolates SIS51, SIS21, KSKE41, SIS22, 
and KSKE42 (Fig. 5). 

Antibiotic Resistance

Antibiotic susceptibility of the chromium-resistant 
bacteria is mentioned in Table 2. KSKE41 and KM2 were 
the only isolates susceptible to all the tested antibiotics. 
Isolates KS1W and MWM82 showed resistance to  
the maximum number of antibiotics, i.e., ampicillin  
(25 µg ml-1), erythromycin (15 µg ml-1), chloramphenicol 

(30 µg ml-1), and oxytetracycline (30 µg ml-1). Antibiotics 
resisted by the maximum number of strains were 
chloramphenicol (30 µg ml-1), kanamycin (30 µg ml-1), 
and erythromycin (15 µg ml-1). Streptomycin (10 µg ml-1) 
inhibited the growth of the majority of isolates. 

Table 1. Characteristics of Cr(VI)-resistant bacterial isolates.

Strains MacConkey 
Agar

EMB 
Agar

O.F
Test

Starch Hydro-
lysis

Nitrate 
Reduction

Lactose Arginine 
Hydrolysis

H2S on SIM 
Agar

KM2 NF -ve A +ve +ve -ve -ve -ve

KS1W NF -ve A -ve -ve -ve -ve -ve

AM81 LF +ve F.A +ve +ve +ve -ve -ve

SIS21 LF +ve F.A +ve +ve +ve -ve -ve

SIS22 LF +ve F.A +ve +ve +ve -ve -ve

SIS51 LF +ve F.A +ve +ve +ve -ve -ve

MWM81 LF +ve F.A +ve +ve +ve -ve -ve

MWM82 NF -ve A -ve -ve -ve -ve -ve

KSKE3 LF +ve F.A +ve +ve +ve -ve -ve

KSKE41 LF -ve F.A +ve +ve +ve -ve -ve

KSKE42 LF +ve F.A +ve +ve +ve -ve -ve

Oxidation Fermentation (O.F), Aerobes (A), Facultative Anaerobes (F.A), Positive (+ive), Negative (-ve), Non-Fermenter (NF); 
LF, Lactose Fermenter (LF).

Fig. 2. Growth curve of isolates with  0mM Cr(VI) and 10 mM 
Cr(VI).

Fig. 3. Determination of optimum pH for growth of bacterial 
isolates. Maximum growth was observed at pH 7 and minimum 
at pH 3.

Fig. 4. Optimum temperatures for bacterial growth: isolates 
either showed their highest growth at 37ºC or at 45ºC; least 
growth was observed at 28ºC.
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Nutritional Requirements 

Yeast extract enhanced bacterial growth more 
efficiently as compared to glucose and casein. Enhanced 
growth of strains was observed in tubes having basal 
medium supplemented with either yeast extract alone or 
a combination of yeast extract with other nutrients (Figs 
6a, b). The KS1W strain thrived only in yeast extract-
supplemented medium, and negligible growth of the 
isolate was observed in yeast extract-deficient medium. 
Increasing concentrations of yeast extract (0.1 to 1.0%) 
had a pronounced effect on bacterial growth. Few of the 
isolates showed enhanced growth even at 0.1% yeast 
extract concentration (Fig. 7). 

The family origin of strains was determined by 
combining the results of morphological identification 
and biochemical analysis of strains. Strains SIS51, 
SIS21, KSKE42, and SIS22 were affiliated with the 
Staphylococcaceae family; AM81, KSKE3, and MWM81 
with Promicromonosporaceae; KS1W, MWM82, 
and KM2 shared most of the characteristics with the 
Microbacteriaceae family; and KSKE41 showed lineage 
to the Bacillales Family XII Incertae Sedis. 

The 16S rRNA gene sequencing analysis led to the 
bacterial species identification. BLAST analysis illustrated 
the lineages of all strains. KSKE3, AM81, and MWM81 
presented maximum homology (99%, 100%, and 99%) for 
isolates of Cellulosimicrobium cellulans. Other identified 
strains along with their accession numbers are given in 
Table 3. 

Table 2. Antibiotic resistance profiles of chromium(VI)-resistant isolates.

Isolates C
(30 µg ml-1)

Amp
(25 µg ml-1)

T
(30 µg ml-1)

STR
(10 µg ml-1)

E
(15 µg ml-1)

KAN
(30 µg ml-1)

KM2 S S S S S S

KS1W R R R S R S

AM81 S S S S S R

SIS21 R S S S R R

SIS22 R S S S R R

SIS51 R S S S R R

MWM81 S S S S S R

MWM82 R R R S R S

KSKE3 S S S S S R

KSKE41 S S S S S S

KSKE42 R S S S R R

Chloramphenicol (C), Ampicillin (A), Oxytetracycline (T), Streptomycin (STM), Erythromycin (E), Kanamycin (KAN), Sensitive 
(S), Resistant (R)

Fig. 5. Heavy metal resistance profiles of bacterial isolates.

Fig. 6. a) Growth of Cr(VI)-resistant bacteria in basal medium 
with variable nutritional components, b) Growth of Cr(VI)-
resistant bacteria in basal medium with variable nutritional 
components.
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Discussion

Chromium metal is well-known due to its toxic, 
mutagenic, and carcinogenic properties [16]. Various 
industrial processes use salts of chromium and then wash 
off their untreated effluents into the environment, which 
poses harsh coercion to all living organisms, including 
bacteria. However, microorganisms gradually adapt by 
developing detoxification mechanisms to survive the 
stress of pollutants. These detoxification mechanisms of 
microbes can be exploited for bioremediation of such 
potent toxicants. Contaminated samples were tested to 
obtain chromium-resistant bacteria. Among selected 
strains, AM81 (Gram-positive rods) showed the highest 
MTC against Cr(VI) (at 375 mM), whereas isolates SIS51, 
MWM82, KM2, and KSKE42 resisted up to 350 mM of 
Cr(VI) (Fig. 1). Gram-positive bacteria had already been 
reported with 950 mM of chromate tolerance [17]. 

Sultan and Hasnain [18] had also reported an 
isolate having chromate tolerance of 288 mM, whereas 

Amoozegar et al. [19] reported a bacterial isolate tolerant 
of up to 600 mM chromate. But the level of chromate 
resistance among selected isolates is relatively higher than 
that of the isolates tested by other researchers [20]. All 
chromium-resistant bacteria were Gram-positive, either 
cocci or rods. Except KS1W, KM2, and MWM82, all 
strains were facultative anaerobes (i.e., they could survive 
both the absence and presence of oxygen).

Stress of chromium metal had different effects on  
the different strains at various stages of growth cycle. 
Cr(VI) stress did not interfere with the duration of the lag 
phase, which shows that the bacteria had nothing to do 
with metal at this initial stage, but when they grow to an 
extent they may start consuming hexavalent chromium 
as a nutrient. However, an extended lag phase due to 
chromate is an indication that it interferes with cell 
growth, i.e., prolonging cell division [21]. However, the 
majority of strains showed extended log phase, which 
means that chromate enhances the growth of isolates. 
At the same time, Cr(VI) supplementation affected the 
duration of the death phase of SIS21 and KSKE42, and 
the cultures entered the death phase after 12 and 8 hours 
of incubation, respectively. This occurred due to the 
extensive consumption and hence early deprivation of 
nutrients during the longer log phase. The growth cycles of 
some isolates were not influenced by chromate. Different 
bacteria had been reported in previous studies, and their 
growth remains unaffected in the chromate presence [22] 
as the growth pattern remains similar with and without 
stress. Efficiency of microorganisms can be enhanced 
by optimizing the growth conditions so that they work 
effectively as the bioremediator at contaminated sites 
[23]. Strains preferred to grow in neutral pH (7) followed 
by alkaline (9). Acidic pH changes the cell surface’s 
charge, which is lethal for the cell and hence cell growth 
decreases. Optimum growth temperature for most of the 
strain was 37ºC. Few isolates also showed best growth at 
45ºC. However, no strain preferred low temperature for 
its growth.

At most times, nontoxic and toxic compounds co-
exist at natural territory and it is essential to determine 
the effects of other metals on bacteria growth [24]. So 
organisms were tested for their ability to resist several 
heavy metals (HgCl2, ZnSO4, CuSO4, MnSO4, CdCl2, and 
Na2HAsO4). Each isolate was able to resist these metals 
to a variable extent. Isolates SIS21, KM1, SIS22, SIS51, 
KSKE42, and KSKE41 were CdCl2 sensitive and only 
KSKE41 and KM1 were susceptible to HgCl2 (i.e., their 
growth is inhibited in the presence of the respective salts). 
The remaining bacterial strains were resistant to each of 
the tested metals. Multiple metals’ tolerance is a necessity 
of microorganisms to survive such an environment loaded 
with a variety of heavy metals [21]. Faisal and Hasnain 
[25] reported chromium-resistant bacteria, which were 
also resistant to multiple heavy metals (Ni, Cu, Co, Zn, 
Mn, and Pb). Cheung and Gu [26] and Thacker et al. [27] 
had observed similar results. Abou-Shanab et al. [28] 
also reported six chromate-resistant strains that were also 
resistant to Mn, Pb, and Zn.

Isolates

Subject 
Sequences 
Accession 
Number

KM2 Leucobacter chironomid GU593626

KS1W Microbacterium sp. FJ865215

AM81 Cellulosimicrobium cellulans KC660138

SIS21 Staphylococcus saprophyticus GU097199

SIS22 Staphylococcus sciuri JN559391

SIS51 Staphylococcus xylosus GQ222240

MWM81 Cellulosimicrobium cellulans X79453

MWM82 Microbacterium paraoxydans KF254684

KSKE3 Cellulosimicrobium cellulans KC660138

KSKE41 Exiguobacterium profundum AB681514

KSKE42 Staphylococcus saprophyticus NR_074999

Table 3. Identified subject sequences with their GenBank 
accession numbers used in pintail analysis of the isolates for the 
detection of chimeric sequences.

Fig. 7. Growth of bacterial isolates in the basal medium with 
variable yeast extract percentages.
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Resistance to antibiotics is also considered an adaptive 
strategy of bacteria to survive at contaminated sites [24]. 
Isolates KS1W and MWM82 are resistant to the maximum 
number of antibiotics, i.e., these could survive metal 
as well as antibiotic stress. A number of heavy metal-
resistant bacteria had been reported that resisted several 
antibiotics [29]. Jain et al. [30] also reported an isolate that 
tolerated and resisted chromate at high concentration and 
was resistant to different antibiotics as well. Kharbasizaed 
et al. [31] also reported similar findings. Heavy metal 
resistance usually results in antibiotic resistance as well, 
because the genes encoded for resistance to heavy metals 
could be positioned next to genes encoding antibiotic 
resistance [32]. Bacteria preferred yeast extract for their 
growth as better growth was seen where yeast extract was 
used alone or supplemented along with other nutrients. 
This demonstrated the fact that isolates have complex 
nutritional requirements and yeast extract was found to be 
important for growth optimization.

Hence, the chromium-resistant bacteria isolated in the 
present study are resistant to several heavy metals as well 
as to a variety of antibiotics. These properties could be 
employed for bioremediation of heavy metals at polluted 
sites.
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