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Abstract
Heavy metal contamination due to anthropogenic activities is a great threat to modern humanity. A novel
and natural technique of bioremediation using microbes for detoxi�cation of HMs while improving plants'
growth is the call of the day. In this study, exposing soybean plants to different concentrations (i.e., 10
and 50 µg/mL) of chromium and arsenic showed a severe reduction in agronomic attributes, higher ROS
production, and disruption in the antioxidant system. Contrarily, rhizobacterial isolate C18 inoculation not
only rescued host growth, but also improved the production of nonenzymatic antioxidants (i.e.,
�avonoids, phenolic and proline contents) and enzymatic antioxidants (i.e., CAT, APX, POD, and DPPH),
higher ROS scavenging, and lower ROS accumulation. Thereby, lowering secondary oxidative stress and
subsequent damage. The strain was identi�ed using 16S rDNA sequencing, and was identi�ed as
Pseudocitrobacter anthropi. Additionally, the strain can endure metals up to 1200 µg/mL and e�cient in
detoxifying the effect of Cr and As, by regulating phytohormones (IAA 59.02 μg/mL and GA 101.88
nM/mL) and solubilizing inorganic phosphates, making them excellent phytostimulant, biofertilizers, and
heavy metal bio-remediating agent.

Introduction
Heavy metal pollution is an alarming concern for many countries as they have the property of
bioaccumulation, making a way to the food chain and resulting in human exposure. Exposure to heavy
metals results in inducing oncogenicity, carcinogenicity and organ damage. Among HMs, chromium (Cr)
and arsenic (As) are type 1 contaminants, that are mainly released in the natural environment by various
industrial sources. Chromium is mostly found in the environment in Cr-VI and Cr-III state, whereas As in
inorganic forms, i.e., As-V and As-III (Gupta and Rastogi 2009; Zhu et al. 2014). Hexavalent chromium is
toxic, mutagenic and carcinogenic, exposure to Cr-(VI) increases the risk of lung cancer whereas trivalent
chromium is much less toxic (Cheung and Gu 2003; Costa 2003; Viti et al. 2003). In addition to Cr-(VI)
toxicity, it is di�cult to be absorbed by soil particles and easily enters surface water or groundwater.
Therefore, it is urgent to take measures to detoxify Cr-(VI) in the environment. Bio-reduction of Cr-(VI) to
Cr-(III) is considered to be a feasible method to reduce the toxicity of Cr-(VI), as trivalent chromium has a
low solubility and act as nutrient for various microbes and organisms (Bielicka et al. 2005; Dhal et al.
2013; Xu et al. 2015). On the other hand, arsenic is generally toxic to all lifeforms. Like chromium, arsenic
mobility in the natural environment is a major concern in arsenic-rich and contaminated areas. Chromium
and arsenic both are very toxic in nature and can induce oxidative damage in biological systems (Achour
et al. 2007). They are analogs of sulphate and phosphate respectively and therefore, can actively be up
taken and accumulated in cells beyond threshold levels, disrupting important physicochemical processes
(Shrestha et al. 2008). Bacteria play key role in Cr and As speciation by converting Cr-(VI) to Cr-(III) and
As-(V) to As-(III) are of environmental signi�cance due to the formation of uncharged state which has
higher mobility than arsenate.

In turn, plants have several detoxi�cation mechanisms to avoid phytotoxicity of these metals. They
include phytostabilization and biotransformation of these metals to their non-toxic form. For instance,
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beyond threshold levels, these metals induce oxidative stress that disrupts the antioxidant defense
system of the host leading to the induced toxicity of the metals. Plant exposure to these heavy metals
induce physiochemical changes, such as impaired water balance, wilting and chlorosis of leaves, and
damage to the growth of shoots and roots (Wyszkowski and Radziemska 2010). Metal stress produces
reactive oxygen species (ROS) and alters the balance and assimilation of nutrients, metabolism of
protein and oxidative phosphorylation in plant tissues (Mittler 2006; Suzuki et al. 2013). HMs also affect
the uptake of water, inhibit photosynthesis, and causes lipid peroxidation by altering the cell membrane
lipid structure (Flora 2011; Hasanuzzaman et al. 2015; Mirza et al. 2017). To overcome the stress beyond
threshold level of the host plants, researchers aim microbial assisted remediation. It is a new, yet novel
potential technique to remediate the metal by changing their valence state and making them biologically
less toxic and stable. It is one of the most feasible and reliable techniques to reclaim and reconstruct the
natural conditions of the soil that are considered harmful to environmental health (Ayangbenro and
Babalola 2017). The root-associated microbes not only reduce HMs toxicity, but also improve host’s
endogenous pool of phytohormones, thus promoting their tolerance toward HMs stresses (Zahoor et al.
2017).

Soybean (Glycine max L.) is one of the economically valuable crops and important source of food,
protein, and oils in the world. Soybean is one of the cheapest and richest sources of protein and edible oil.
It's good for human health and reduces the risk of various health problems like cardiovascular disease,
certain cancers, and low sugar blood level. Due to increasing demand and heavy metals pollution the
yield and productivity of soybean crops is greatly affected. Therefore, the present work aims to i) isolate
chromate and arsenate reducing bacteria from rhizosphere of Chlorophytum comosum ii) role of the
isolated rhizobacteria in soybean growth promotion and improving plant antioxidant system under metal
stress ii) The potential of the isolate to cease metal uptake by the host plant, avoiding entry to the food
chain ensuring food safety.

Materials And Methods
Isolation of heavy metal resistant rhizobacteria

Rhizospheric soil samples of C. comosum were collected and sent to the Plant-Microbe Interaction (PMI)
Lab, Department of Botany, Abdul Wali Khan University Mardan. Heavy metal resistant strains with the
ability to promote host plant growth were isolated from rhizospheric soil, using Luria Bertani (LB) agar
media. After incubation for 24 hours at 28 °C, individual colonies were selected and puri�ed for further
studies.

Molecular identi�cation of selected strains

The potent rhizobacterial isolate was subjected to phylogenetic analysis to specie level by standard
method of 16S rDNA gene sequencing. The DNA templates were prepared from the selected strain by
picking individual colony and ampli�ed by 16S rDNA gene using modern PCR techniques. The sequence
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results were blasted through NCBI BLAST to get the exact nomenclature of the isolate. Bioinformatics
tool MEGA X was used for phylogenetic analysis (Chun et al. 2007; Tamura et al. 2007).

Minimum inhibitory concentration

For assessing the ability of potent isolate to tolerate different levels of selected HMs, the isolate was
grown in LB broth media having various concentrations (100, 300, 500, 900 and 1200 μg/mL) of
chromium and arsenic in the form of potassium chromate and sodium arsenate. Inoculations were made
in 50 mL of L.B broth, which was then incubated at 28 °C in the shaking incubator for 24 hours at 150
rpm. After 24 hours, bacterial growth was recorded using a PerkinElmer Lambda 25 double beam
spectrophotometer at 600 nm.

Metabolic pro�ling of culture supernatant

The culture supernatant of the potent isolate was obtained by �ltration and centrifuging the LB medium
at 4000 rpm for 20 mins. The bacterial culture supernatant was then collected and analyzed for various
phytohormones and secondary metabolites.

Determination phytohormones

Salkowski reagent method was carried to estimate the exogenous indole-acetic acid (IAA) in the culture
supernatant of the isolate using colorimetric method of (Tsavkelova et al. 2007).

To determine gibberellic acid (GA), 10 healthy embryo-less wheat seeds were sterilized by dipping in
ethanol (70%) for 30 seconds. After ethanol treatment, the seeds were washed thrice with double distilled
water to remove traces of ethanol. Ethanol free seeds were placed in petri plates having 10 mL of buffer
solution (acetate buffer pH 4.5) and 2 mL of supernatant from bacterial culture. The plates were kept at
room temperature for 48 hours. After the incubation, the solution was �ltered, and the pH was adjusted to
2.5 with HCl (2N) and the �ltered solution was isolated with NaHCO3/ethyl acetate (1:1 v/v). GA was
measured with spectrophotometer in the ethyl acetate phase at 254 nm (Cho et al. 1979).

Exogenous salicylic acid (SA) content were estimated using standard protocol (Warrier et al. 2013). To
100 μL of chilled culture supernatant, added freshly prepared ferric chloride (0.1%) and the �nal volume
was adjusted to 3 mL with ddH2O. The solution mixture turned violet due to formation of complex

between Fe3+ ions and SA. This change in color to violet was measured spectrophotometrically at 540
nm.

Determination of plant metabolites

Total phenol content

The total phenolic content in samples were determined using Folin-Ciocalteau reagent method slightly
modi�ed by (Lee et al. 2015). Colored complex developed in the reaction mixture was quanti�ed by taking
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OD at 650 nm, through a spectrophotometer. Total phenol contents were expressed as µg/mL.

Proline

Proline content in samples were determined using acid ninhydrin (Bates et al. 1973). Reaction mixtures
consist of equal volume of sample and acid ninhydrin and boiled for 60 minutes at 100 °C. After cooling
the mixture was extracted with 4 mL of toluene. The toluene layer was separated with a separating funnel
and the absorbance was measured at 520 nm.

Total protein content

Total protein estimation was carried out by following (Nićiforović et al. 2010) method with slight
modi�cation. Protein extract was prepared by grinding 100 mg of plant material in phosphate buffer (1
mL, pH 7.5). Extract (100 µL) was diluted with distilled water to make 1 mL solution. To the diluted
extract, 1 mL of copper reagent (2% sodium carbonate, 0.1N of sodium hydroxide, 1% copper sulfate and
2% sodium potassium tartrate) was added and thoroughly stirred for 10 minutes. Diluted Folin-ciocalteau
reagent (100 µL) was added and incubate the mixture in an incubator at room temperature for 30
minutes. The absorbance was read at 650 nm using a spectrophotometer.

Total �avonoids content

Total �avonoid content (TFC) was determined by well-established method (El Far and Taie 2009). The
reaction mixtures consisted of 0.5 mL of supernatant, 0.1 mL aluminum chloride (10%), 0.1 mL
potassium acetate (10%) and 4.8 mL methanol (80%). The reaction mixture was shaken vigorously and
incubated at room temperature for 30 minutes. The absorbance was measured at 415nm.

Total soluble sugar

Soluble sugar content was determined by slightly modifying phenol-sulfuric acid procedure of
(Mohammadkhani and Heidari 2008). To 100 µL of supernatant add 1 mL of 80% phenol and incubated
for 10 minutes at room temperature. After incubation, 5 mL of concentrated H2SO4 was added to the
mixture and the mixture was incubated for 1 hour at room temperature. The absorbance was read at 485
nm using spectrophotometer. The total sugar contents were expressed as mg g−1.

Phosphate solubilization index

Pikovskaya agar medium was used to determine phosphate-solubilizing index following Premono
method Premno et al., (1996). The potent isolate was inoculated on Pikovskaya’s media plates in laminar-
�ow-hood in sterile conditions. Plates were then incubated at 28 oC for 48 hours. Halo zone and colony
diameters were measured and the capacity of phosphate solubilization activity was found through the
following equation:
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Hydroponic experiment under heavy metals stress

Soybean (Glycine max) seeds were obtained from Agricultural Research Institute Mingora, Swat. Soybean
seeds were surface disinfected, using 0.1% mercury chloride (HgCl2), followed by washing three times
with double distilled water. Seeds were grown in sterilized sand and seedlings under two fully expanded
leaf conditions were shifted to pots containing half strength of Hoagland’s solution. The experimental
setup consisted of 36 pots with two chromate and arsenic levels, low level (10 µg/mL) and high level (50
µg/mL) along with control (without any treatment). Replicates of each treatment were set in randomized
complete block design. Inoculation was made to assess the alleviation potential of the isolate in pot
conditions. The pots were transferred to LabTech growth chamber and kept under 25 oC temperature, 68%
humidity and 13 hours of photoperiod for 14 days. After 14 days, seedlings were harvested, and
parameters described below were recorded.

Antioxidant enzymes

Determination of catalases activity

Catalases activity was assayed as described by Chandlee and Scandalios (1984) with  slight
modi�cations. Fresh soybean leaves (100 mg) were homogenized in 1 mL of phosphate buffer (50 mM,
pH 7.5). The homogenate was centrifuged for 10 minutes at 10000 rpm and the supernatant was
collected as enzyme extract. The enzyme extract was added to a 3 mL of reaction mixture. The reaction
mixture consists of 2.6 mL of 50 mM potassium phosphate buffer at pH 7.0 and 0.4 mL of 15 mM H2O2.
The decrease in the absorbance of H2O2 (μmol/min) was estimated by spectrophotometer at 240 nm.

Determination of ascorbic acid oxidase

For the extraction and estimation of ascorbic acid oxidase activity, the method of  Oberbacher and Vines
(1963) was used with slight modi�cations. The enzyme extract (200 µL) was mixed with the reaction
mixture (800 µL). The reaction mixture consisted of 600 µL of potassium phosphate buffer (50 mM), 100
µL of ascorbic acid (0.5 mM) and 100 µL of H2O2 (0.1 mM). The optical density was recorded at 290 nm

for every 30 seconds for a period of 5 minutes against blank. The enzyme activity was expressed in mg-1

protein.

Peroxidase’s activity

Peroxidase activity was measured by the method of Putter (1974). To isolate the enzyme, fresh samples
(0.1 g) were homogenized in 3 mL phosphate buffer (0.1 M) using mortar and pestle. The homogenate
was centrifuged for 10 minutes at 4 °C and 14000 rpm. The collected supernatant was used as an
enzyme extract and mixed with 3 mL phosphate buffer (0.1 M, pH 7.0), 30 µL H2O2 (12.3 mM) and 50 µL
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guaiacol solution (20 mM). The POX activity was determined spectrophotometrically by using guaiacol
as the substrate. The mixture optical density was recorded at 436 nm and the activity was calculated
using the following equation:

Where in equation.

Δt = time change in minute

TV = total volume of the extract (mL)

VU = volume used (mL); f wt = weight of the fresh leaf tissue (g)

Determination of DPPH-radical scavenging activity

Radical scavenging activity 1,1-diphenyl-2-picrylhydrazyl (DPPH) was determined spectrophotometrically
using Meng et al. (2016) method. The reaction mixture consisted of 2 mL of samples solution and 2 mL
of DPPH solution (0.04 mg/mL) in methanol. Leave the reaction mixture in the dark for 30 minutes and
record the absorbance at 517 nm using the following equation as a percentage of free radical scavenging
acidity:

where in equation, A1 is the absorbance of the extract, and A0 is the absorbance of the blank (DPPH
solution without extract).

Screening for radical oxygen species (ROS)

For the detection of ROS accumulation in soybean leaves treated with rhizobacteria under chromate and
arsenate stress, the method of Scharte et al. (2005) was followed. After 14 days of germination, hydrogen
peroxide was detected histochemicaly in leaves by DAB (3,3'-diaminobenzidine) staining. Leaves were
dipped in DAB (1 mg/mL, pH 3.8), vacuum in�ltrated �ve times (�ve minutes each) and incubated for
three hours at room temperature. The leaves were then decolorized in boiling ethanol (96% v/v) for 20
minutes. Boiling decolorized the leaves, except the brown colored spots produced by DAB. After cooling,
the tissues were observed under light microscope to visualize the brown spots.

Determination of Cr and As by BCR extraction

Reduction of chromate and arsenate in bacterial culture supernatant and soybean plants were
determined using atomic absorption spectroscopy (Perkin Elmer AAnalyst 700). Prior to analysis metal
with lower and higher oxidation states were extracted separately by using modi�ed BCR (Community



Page 8/31

Bureau of References) sequential extraction procedure (Kazi et al. 2005). Steps of BCR are listed as
under.

Step 1: In these step acid soluble and exchangeable components were extracted. To, 0.5 g of air-dried
samples, 20 mL of 0.11 M acetic acid (CH3COOH) was added and shaken for 12-24 hours at 25-30 oC in
an orbital shaker. This fraction was separated from the matrix through centrifugation (3000 rpm, 15
minutes).

Step 2: In this step, fraction consisted of reducible metal ions were separated. To the residue from step 1,
20 mL of 0.5 M hydroxylamine-hydrochloride (NH2OH–HCl) at pH 1.5 with nitric acid (HNO3) was added.

The samples were stirred for 16 hours at 30 oC. This fraction was separated from the matrix through
centrifugation (3000 rpm, 15 minutes).

Step 3: In this step oxidizable metal ions were obtained. The residues from step 2 were mixed in
ammonium acetate buffer (pH 2) and then treated with 5 mL of 30% hydrogen peroxide (H2O2). The
mixture was stirred for 1 hour at room temperature. This step was repeated twice. The sample was then
heated at 60 ºC to evaporate excess of solvents and treated with 25 mL of 1 M ammonium acetate
(CH3COONH4). The resulting mixture was stirred for 16 hours. This fraction was separated from the
matrix through centrifugation (3000 rpm, 5 minutes). The supernatant was carefully poured off to avoid
loss of residue.

Table: BCR method for heavy metal speciation

Step Phase Extractants pH Shaking time and
temperature

1 Acid soluble and
exchangeable

20 mL of 0.11 M
CH3COOH

  12-24 hours at 25-30 °C

2 Reducible 20 mL 0.5 M NH2OH–
HCl

1.5 16 hours at 25-30 °C.

3 Oxidizable 5 mL of 30% H2O2

Then, 5 mL of 30% H2O2

25 mL of 1 M
CH3COONH4

2.0

2.0

2.0

1 hour at 25-30 °C

1 hour at 85 °C

16 hours at 25-30 °C

Atomic absorption spectroscopy (AAS)

Total metal concentration and metal ions in different fractions were separately measured using atomic
absorption spectroscopy (FAAS). For excitation, an air-acetylene �ame was used. The light source was a
hollow cathode lamp with a single wavelength. A gas �ow rate of 2 L min-1. Metal ion analysis of
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unknown samples was carried out using a known standard. The absorption of standard metal ion
solutions was measured and plotted as a standard curve.

Bioconcentration factor (BCF)

Accumulation of heavy metal in the bacterial supernatant and plant biomass of soybean was determined
by using the following equation:

Results

Isolation of metal tolerant rhizobacteria
Metal resistant rhizobacteria were isolated from the rhizosphere of C. comosum on Luria Bertani (LB)
media. A total of 18 rhizobacterial strains were isolated were cultured in LB broth media supplemented
with 100, 300, 500, 900 and 1200 µg/mL of Cr (as K CrO ) and As (as Na3AsO4). Among them, 9 strains
were capable to grow in the presence of Cr and As stress upto 1200 µg/mL (Table 1). The isolates that
were capable to withstand the Cr-(VI) and As-(V) was selected for further study for plant growth
promotion assay.
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Table 1
Screening for chromium and arsenic stress tolerance in rhizobacteria

  Cr-(VI)/As-(V) stress

  Control 100 µg/mL 300 µg/mL 500 µg/mL 900 µg/mL 1200 µg/mL

C1 + -/+ -/- -/- -/- -/-

C2 + -/- -/- -/- -/- -/-

C3 + +/+ +/+ +/+ +/+ +/+

C4 + +/+ +/+ +/+ +/+ +/+

C5 + +/+ +/+ +/+ +/+ +/+

C6 + -/- -/- -/- -/- -/-

C7 + -/- -/- -/- -/- -/-

C8 + +/+ +/+ +/+ +/+ +/+

C9 + +/+ +/+ +/+ +/+ +/+

C10 + +/+ +/+ +/+ +/+ +/+

C11 + -/- -/- -/- -/- -/-

C12 + +/+ +/+ +/+ +/+ +/+

C13 + -/- -/- -/- -/- -/-

C14 + -/- -/- -/- -/- -/-

C15 + -/- -/- -/- -/- -/-

C16 + +/+ +/+ +/+ +/+ +/+

C17 + -/- -/- -/- -/- -/-

C18 + +/+ +/+ +/+ +/+ +/+

(+ Rhizobacteria growth) (- No Rhizobacteria growth)

Plant growth promotion assay

Among the selected isolates, C18 inoculation was the most potent isolate that alleviated chromate and
arsenate stress in soybean as re�ected by improved growth parameters (Fig. 1). Based on its
performance in soybean growth assay, the isolate C18 was selected for further analysis.

Molecular identi�cation of rhizobacterial isolate C18
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Based on the sequence of 16S rDNA, the isolate C18 showed maximum homology (98.01%) with
Pseudocitrobacter anthropi. For the con�rmation of strain identity, sequence of C18 was subjected to
phylogenetic analysis. The phylogenetic consensus tree was constructed by Maximum Parsimony
method using MEGA X software (Fig. 2). The phylogenetic analysis and sequence homology results
revealed that the isolate C18 made a clad with P. anthropi supported by 98% bootstrap value in the
consensus tree.

Chromium (VI) and arsenic (V) effect on bacterial growth

From the isolated rhizobacterial strain, C18 was capable to withstand all the metal levels supplemented
in the liquid medium. The growth pattern recorded to increase upto 500 μg/mL in the presence of
chromate supplements. However, decline phase was recorded in the growth beyond 500 μg/mL in
chromate supplementation. Nonetheless, an opposite trend was recorded in case of arsenic
supplementation. Arsenic treated bacterial cells tends to decrease with increasing arsenic concentration
compared to untreated bacterial cells (Fig 3).

Cr-(VI) and As-(V) speciation by PGPR isolate C18

Isolate C18 is tolerant to high concentration of Cr-(VI) and As-(V) and have the potential to reduce the
concentration of chromium and arsenic in nutrient broth media containing utpo 1200 μg/mL (Fig. 4). In
order to con�rm that the Cr-(VI) and As-(V) supplemented in the medium is bio-transform by the
rhizobacteria isolate, we used atomic absorption spectrophotometry (AAS) to analyze the valence
transformation in the medium. The isolate P. anthropi was able to reduce signi�cant amount of Cr-(VI) to
Cr-(III) and As-(V) to As-(III). Isolate C18 grew well in Cr-(VI) spiked media till 500 μg/mL, while the level of
hexavalent chromium (Cr-VI) was steadily reduced.

Metabolic pro�ling of P. anthropi

Response of the selected rhizobacterial strain P. anthropi were analyzed in terms of production of
phytohormones (IAA, GA and SA) and stress related metabolites such as �avonoids, phenols, protein,
proline and total sugar content to withstand the stressful environment.

Phytohormones

The ability of rhizobacteria P. anthropi (C18) to produce IAA under different concentrations of chromate
and arsenate were determined. IAA quantity was increased with increasing levels of metal stress in
bacterial culture supernatant. In particular, at 1200 μg/mL isolate produced the highest amount of IAA
(59.02 μg/mL), lowest amount was recorded in control (25.91 μg/mL) without any stress (Fig. 5A).
Release of exogenous gibberellic acid (GA) was also enhanced in media containing salts of As and Cr.
Our results report that the maximum GA (101.88 and 95.66 nM/mL) production is observed when the
metal concentrations are 300 and 500μg/mL. However, higher concentrations of the selected heavy
metals in the media signi�cantly reduced the amount of GA, in comparison to control (Fig. 5B). From the
spectrophotometric readings, it was observed that the production of salicylic acid gradually decreased
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with the respective metal concentration. The maximum yield of SA (787.77 μg/mL) was observed in
control without any stress. Increasing level of stress showed decline in SA quantity till 900μg/mL.
Interestingly, higher concentration (1200 µg/mL) was least toxic for P. anthropi to release SA (5C).

Secondary metabolites

Rhizobacteria P. anthropi (C18) in the presence of different metal concentrations (0, 100, 200, 300, 500,
900 and 1200 μg/mL) produced �avonoids in LB medium. The content of �avonoids decreases steadily
with the gradual increase of Cr-(VI) and As-(V) level in the medium (Fig. 5D). Strain results revealed higher
amount (103.43 μg/mL) of �avonoids at 500 μg/mL compared to normal culture media, the content of
TFC content is lowest at (57.02μg/mL) at maximum level of chromate and arsenate. A decrease in total
phenolic content was observed under different metal concentrations for the treated and untreated
bacterial culture supernatant (Fig. 5E). The phenolic content level was signi�cantly decreased to 823.15
μg/mL in treated culture compared with 1046.15 μg/mL in control untreated. The production of total
protein contents was also measured when the strain was exposed to different concentration of the heavy
metal (Fig. 5F). Results showed that the cultured �ltrate of P. anthropi total protein contents tend to
increase from 35.25 to 222.22 µg/mL as chromate and arsenate level in the culture media increases 0
µg/mL to 1200 µg/mL. The production of proline contents was determined upon exposure of the isolated
strain to the selected heavy metal (Fig. 5G). The proline contents showed a slight increase till 300 µg/mL
and subsequent decrease in the elevated levels of the metals. The exogenous soluble sugar contents of
the P. anthropi were also estimated under Cr and As stress conditions (Fig. 3H). The production of
endogenous sugar contents was highly in�uenced by the heavy metals. A signi�cant dose dependent
decrease was recorded in the soluble sugar contents from 169.59 to 48.49 µg/mL of the strain from 0 to
1200 µg/mL of selected heavy metal stress.

Phosphate solubilization by P. anthropi

The potential of P. anthropi to convert the inorganic form of phosphorous into the solubilized form was
evaluated (Fig. 6). The strain showed a larger halo area in Pikovskaya agar with an average diameter of
26 mm.

Growth parameters

Exposure to aforementioned concentration of chromate and arsenate reduced the host seedling growth
by almost by 50% and 49% as compared to the untreated seedlings (Fig. 7A). Consequently, inoculation
of P. anthropi improves the host seedling growth by 68% and similar trend was recorded in metal treated
seedlings as well showing no signi�cant decrease in their shoot length. Contrastingly, substantial dose
dependent reduction was recorded in the root growth of seedlings (Fig. 7B). The decline recorded was up
to 58% as compared to untreated control seedlings. Co-cultivation of P. anthropi with soybean normalizes
the root growth showing comparable elongation as control plants however, a signi�cant decrease was
recorded in the root length upon exposure to mentioned levels of chromate and arsenate.
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Phytohormones

Soybean seedlings produce promising quantities of Indole-3-acetic acid, major part of which (77.51%)
were stored endogenously (Fig. 8A). Exposure to selected levels of metal have an in�uential impact on
the endogenous and exogenous production of IAA. A signi�cant increase in endogenous and decrease in
exogenous IAA contents were recorded upon exposure to 10 and 50 μg/mL of selected metal stress.
Interestingly, inoculating seedlings with P. anthropi, the endogenous levels show a dose dependent
decrease in the total IAA contents with the exception of T7 showing higher IAA levels. More fascinating
results were recorded in the case of exogenous IAA contents showing a dose dependent increase at all
supplemented concentration of the selected metals. Similar trends were also recorded in the case of
endogenous and root exuded salicylic acid production (Fig. 8C). A catastrophic decrease was recorded in
endogenous SA contents at 10 μg/mL however, followed by an abrupt increase in case of chromate
supplementation. An opposite trend was recorded in case of arsenic spiked medium (p < 0.05). For
instance, opposite tendencies were recorded in the root exuded salicylic acid contents. Inoculating the
host with P. anthropi, comparatively higher quantities of endogenous salicylic acid contents were
recorded. Interestingly, lowest salicylic acid contents were recorded in P. anthropi inoculated seedlings
however, a signi�cant increase was recorded in the rest of the chromate and arsenate treated seedlings
as compared to control.   

Metabolites pro�ling

Soybean seedlings treated with mentioned concentration of chromate and arsenate triggers the host to
synthesize higher quantities of total �avonoid contents. Heavy metal stress greatly in�uences the total
�avonoids contents by higher endogenous accumulation of �avonoids however, decline was recorded in
the exogenous �avonoid contents (Fig. 8E). Co-cultivating the host seedlings with P. anthropi, lower
�avonoids accumulation and higher release was recorded. The same decline was recorded in
endogenous and root exuded �avonoids however, higher accumulation was recorded when the host
seedlings were exposed to 10 and 50 μg/mL of arsenate stress. A decreasing trend was recorded in the
total endogenous and exogenous phenolic contents of the host seedling exposed to 10 and 50 μg/mL of
selected heavy metals (Fig. 8G). Cocultivation of P. anthropi with soybean seedling, no signi�cant
improvement were recorded in the total endogenous and exogenous phenolic contents as compared to
control seedlings.

Soybean produce ample quantities of free amino acid ample quantities of which are stored
endogenously, and promising quantities are released exogenously (Fig. 8I). Soybean seedlings are treated
with 10 and 50 μg/mL. An increasing trend was recorded in the proline contents of host however, the
increase was comparatively lower as compared to control except for T3 showing higher amounts of
endogenous proline. Higher roots exuded proline contents were recorded at all supplemented
concentration of both metals. Cocultivation of host seedlings with P. anthropi, an increase was recorded
in total endogenous and exogenous proline contents followed by a decreasing trend. The endogenous
proline contents were lower as compared to control however, the root exuded proline contents were higher
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except in plants treated with P. anthropi and 50 μg/mL of arsenate. Signi�cant decrease was noted in the
endogenous and roots exuded soluble sugar contents was when exposed to 10μg/mL followed by an
increase at 50 μg/mL of chromate and arsenate induced stress (Fig. 8K). Inoculating P. anthropi, an
increase was recorded at 10 μg/mL in production of endogenous and root exuded soluble sugar contents
however, decline was recorded at 50 μg/mL. Similar trend was also recorded in the total protein contents
of the host treated with mentioned concentration of the selected metals (Fig. 8M). Supplementing
medium with chromate and arsenate, decline was recorded in the endogenous pool of total protein
contents. Nonetheless, the escalation was recorded in the exogenous total protein contents as metal
increases in the medium. Inoculating seedlings with P. anthropi, no substantial increase was recorded in
the endogenous and exogenous protein content however, increase was recorded in the exogenous protein
contents of the plants treated with 50 μg/mL of chromate and arsenate.

Response of rhizobacteria inoculated soybean antioxidant enzymes machinery to metal stress

Modulation in the activity of the antioxidant enzymes including CAT, AAO, POD and DPPD in response to
chromate and arsenate stress was studied. The results show that metal stress has different effects on
the activities of these antioxidant enzymes. CAT enzyme level drastically increased with increasing
concentration Cr and As. P. anthropi inoculated soybean seedlings showed slight decline in CAT activity
(Fig. 9A). Similar trend was revealed in AAO activity in inoculated and non-inoculated plants under HMs
stress (Fig. 9B). In addition, POD activity was higher in metal treated plants than that in the control and
bacteria inoculated. However, with increasing chromium and arsenic concentration peroxidase activity
showed reduction. Plants inoculated with P. anthropi isolate showed lowest amount of peroxidases under
control conditions, whereas Cr stressed showed an increase in peroxidase activity. An opposite trend was
observed in soybean seedlings exposed to As stress (Fig. 9C). DPPH-Radical scavenging activity in the
plants got reduced upon exposure to Cr and As stress. However, inoculation of P. anthropi showed an
increase in the radical scavenging activity under metal stress (Fig. 9D).

DAB staining

Exposure of plants to chromium and arsenic stress induced the production of high ROS in plants (Fig.
10). Present study also showed an increased level of H2O2 with increasing HMs dose, i.e. from 10 μg/mL
to 50 μg/mL. Signi�cant amount of H2O2 were accumulated in the leaves of soybean plants when
exposed to chromate and arsenate stress. Heavy metal are free radical generators and our study showed
higher rate of ROS formation under metal stress compared to control and rhizobacterial inoculation. With
the inoculation of P. anthropi isolate, the chromate stress was alleviated, hence reducing the H2O2

production with no DAB stains.

Microbial reduction Cr-(VI) and As-(V) in Glycine max

The biotransformation of the hexavalent chromium (Cr-VI) and pentavalent arsenic (As-V) form to their
nontoxic form in the surrounding medium was in�uenced by the plants. As the concentration of the metal
in medium increased, the biotransformation of spiked metal also increased (Fig. 11A). Cocultivation of
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the selected rhizobia with the host plants resulted in higher biotransformation and stabilization. The
accumulation of chromium in the plants parts was cut by almost 50% in bacterial inoculated seedling
whereas, their biotransformation increases in the host tissue to avoid phytotoxicity. On the other hand,
lower arsenic uptake and higher biotransformation was recorded at 10 µg/mL however, an opposite trend
was followed at 50 µg/mL showing higher accumulation and biotransformation. Bioconcentration factor
of the soybean seedlings treated with different concentration of Cr and As were recorded (Fig. 11B). The
bioconcentration increased at 10 μg/mL, whereas declined at 50 μg/mL of the Cr. In contrast, low
bioconcentration factor was recorded at both levels of As. Inoculated plants with the selected
rhizobacterial strains showed a high accumulation of Cr at 10 μg/mL and low at 50 μg/mL. In case of As,
higher bioaccumulation was recorded at both concentration of As in P. anthropi inoculated soybean
seedlings compared to the non-inoculated seedlings.

Discussion
Heavy metal contamination in water and soil has become a global problem that can led to loss in crop
yield and effect human health due to the accumulation in the food chains. Nowadays, microbial assisted
remediation is a green technique to reclaim the contaminated environment (Bibi et al. 2018; Hamayun et
al. 2017; Ikram et al. 2018; Ismail et al. 2020a; Qadir et al. 2020). In this context, heavy metal resistant
strains were isolated from the rhizosphere of Chlorophytum comosum and were assessed for
detoxi�cation effects against chromium and arsenic while improving host plant growth. P. anthropi was
able to tolerate Cr-(VI) and As-(V) up to 1200 µg/mL. The main role of microbes living in abiotic stress is
survival and detoxifying the effect of HMs. To avoid heavy metals, detoxify their toxicity and induced
oxidative damage, microbes tend to actively bio-transform the metal by changing their valance state. The
biotransformation of chromate in the medium indicates the presence of chromate reductases, quinone
reductases and other enzymes of family oxidoreductases (Mala et al. 2020; Valenzuela-García et al.
2020). These enzymes help the bacterium to bio-transform the metal outside of the cell thus avoiding
their toxicity. In case of arsenic, bacteria use ArsC-based resistance determinants, whereas, ArsB e�ux
proteins for protection of cell against arsenate (Mukhopadhyay et al. 2002). Another process, often
associated with detoxi�cation, is arsenic methylation. Bacterial cells can use As-(III) as an electron source
for respiration and the most common detoxi�cation mechanism is based on blocking the membrane
channels through which toxic substances enter the cell. Additional method for the protection is to use a
speci�c membrane pump to actively reduce metal ions from the cell. In this study, P. anthropi (C18)
showed a reduction in chromate and arsenate stress within 48 hours of incubation. The reduction
e�ciency of Cr-(VI) and As-(V) was evaluated, showing an increasing tendency with increasing metal
levels.

Other strategies include the production of higher quantities of phytohormones including IAA and GA and
stress related metabolites including �avonoids, phenolics, proline, metalloprotein, lower molecular weight
carbohydrate in the culture medium (Ismail et al. 2020b; Ismaila et al. 2018). The strain was also able to
effectively solubilize the inorganic phosphate. Exposing strains to elevated levels of selected metals
modulate the phytohormones and metabolites production. Release of IAA and GA were positively
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regulated whereas, SA was negatively correlated under metal stress (Tiwari et al. 2021; Zaid et al. 2019).
The positive correlation of IAA and GA were observed as an persuasive constituent of defense responses
via regulation of several genes and negotiation of crosstalk between abiotic and biotic stress responses
by overexpression of IAA30 gene of NTM2 and TaMYB73 gene respectively. This means that at higher
concentrations of Cr and As, P. anthropi cells started to release IAA and GA in excess to protect
themselves from environmental stress by regulated gene expression pro�le (Hamayun et al. 2021;
Hussain et al. 2015). The negative correlation of SA has been suggested that exposure to heavy metal
induce microbes to release excess of SA, which is re-absorbed by the culture and converted to SA based
metabolites, such as siderophores. The production of SA based siderophores can be used to acquire Fe
and detoxify heavy metals by chelating them (Conroy et al. 2019).

Primary and secondary metabolites produced by the strains relieving metal and secondary oxidative
stress in the microbes and are also responsible for mitigating heavy metal stress in their host by fostering
growth, improving the antioxidant and metabolic systems. Decrease in the production of �avonoids and
phenolic contents occurs due to the alteration of phenylalanine and shikimate pathway respectively
(Chen et al. 2020; Sharma et al. 2019). Increase was recorded in the protein production whereas, decline
in the proline and sugar contents were recorded (Ghaffari et al. 2019; Sha�q et al. 2021). The increase in
protein content was possibly due to the reason that under stress condition the bacterial cell produce huge
quantities of stress related protein including chaperons, heat shock protein, metalloprotein to cop the
heavy metal stress. On the other hand, decrease was recorded in the production of free amino acid and
sugar because they are actively used for the production of protein (Hemmler et al. 2018). One acts as
building block and other used as an energy source to drive the machinery for the production of stress
related protein. Among other microbial strategies to cop the harsh stressful condition are bioreduction
and biotransformation of metal to their non-toxic and immobile form thereby relieving stress. Elevated
levels of the metals stimulate the microbes to release defense molecules for relieving stress thereby
showing increasing trends as metal increases while growing normally (Etesami and safety 2018). These
strategies of the rhizobacteria not only help to assist their growth but also assist their macro-symbiont to
withstand harsh environmental conditions making the strain best �t for symbiotic association with their
host.

Phytotoxicity of chromate and arsenate catastrophically reduce the growth attributes of productivity and
stress related metabolites making the host more susceptible to damage of biotic and abiotic stress
factors. Currently, treating Glycine max L. with mentioned levels of chromate and arsenate had profound
negative impact on the agronomic attribute of the host. Cocultivation of host with rhizobacterial isolate
C18, stimulate the growth of stressed seedlings by the enhanced production of phytohormones and
stress related metabolites (Khan et al. 2021). Plant responds at multilevels to counter the stress and
these responses are regulated by phytohormones. Hence, higher production of phytohormones by HM
stressed soybean seedlings is required to cope with high chromium and arsenic concentration in growth
medium. In current scenario, C18 associated seedling exude higher quantities of IAA and SA, aiding the
host in attracting microbial partners in the rhizosphere for the establishment of bene�cial association
and enhance stress tolerance (Meena et al. 2017).
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On the other hand, in C18 associated seedlings, higher �avonoid accumulation was recorded in the host
tissue and lower quantities were exuded in the rhizosphere (Machado et al. 2021). This is possibly due to
the reason that the �avonoids act as nonenzymatic antioxidant and metal quencher. Thus, helping the
host to boost antioxidant system by higher accumulation of �avonoid in their tissue while detoxify the
metals by chelating them (Pisoschi et al. 2020). An opposite trend was recorded in the production of
phenolic contents of the host showing decline in the endogenous and root exuded phenolic content
(Bistgani et al. 2019) however, higher endogenous and lower root exuded proline and sugar contents were
recorded in the plant parts. This is possibly due to the reason that proline and sugar acts as osmolytes,
chemical chaperones, direct ROS scavenger and as well as regulate intracellular redox homeostasis (e.g.,
ratio of NADP+/NADPH and GSH/GSSG by proline) (Vives-Peris et al. 2017). Thus, tends to maintain the
integrity of the photosynthetic machinery under stress indicated from the higher sugar production and
their accumulation in plants parts.

During the study it was found that exposing soybean to Cr-(VI) and As-(V) reduced the growth of the host
signi�cantly in terms of roots shoot length and fresh/dry weigh (p < 0.05). C18 had the ability to stimulate
the development of Cr and As stressed soybean seedlings showed that detoxifying Cr and As and
subsequently decreased absorption were not the sole mechanism for phyto-stimulation rather it also
strengthens the antioxidant system of the host. Due to secondary oxidative damage, abnormal
production was noted in the enzymatic antioxidant of the host plants. However, the deposition of
antioxidants (APX, CAT, POD, DPPH and SOD) modulated by selected strains may have more e�ciently
scavenged stored ROS in host to support its protection mechanisms (Sarker and Oba 2018). In plants,
oxidative stress can be identi�ed by abnormal activity of antioxidant enzymes under stress situations. As
a result of metal stress, excessive ROS generated and seedlings were unable to handle them. Hence,
damage was done in seedlings which was phenotypically recognized as retarded growth. Cr and As
exposed seedlings tried to control the excess of ROS by producing abnormally higher quantities of CAT,
AAO, peroxidase and SOD. Consequences of this was inability of soybean seedlings to scavenge ROS and
avoid lipid peroxidation as evident by low amount of lipids in such seedlings. Stressed seedlings were
unable to produce optimum amount of IAA, phenol and sugars, which was also an indication of the
internal damage to the seedlings. Metal exposure also damaged cell membrane of the seedlings making
the membrane porous to electrolytes and depriving seedlings of essential electrolytes (Demidchik 2018).
In such situation, the isolate C18 has aided the soybean in producing substantial quantities of enzymatic
antioxidants under HMs stress. Production of nonenzymatic (�avonoids and proline) and enzymatic
antioxidant (i.e., AAO, CAT, POD, and DPPH) has scavenged the ROS, allowing the plant to grow normally
under severe HMs toxic environment.

Apart from phytostimulation, the strain P. anthropi was also able to bio transform the toxic heavy metals
from their high toxic to least toxic and immobile form. The uptake of metal by host was several folds.
Cocultivation of seedlings with C18 interfere with the uptake capability of the host by reducing metal
uptake by almost 50% (Padhan et al. 2021). This is possibly due to the reason that C18 might
downregulate heavy metal ATPase genes (GmHMA13, GmHMA14, GmHMA19) and GmMATE1 compared
to non-inoculated plants (Bilal et al. 2019). In case of As, another process, often associated with



Page 18/31

detoxi�cation, is arsenic methylation. Some bacteria are able to use As-(III) as a source of electrons for
respiration. Current research provides evidence that P. anthropi mitigate chromate and arsenate stress
through biotransformation and bio-reduction rendering them unavailable to root. The enhanced microbial
colonization in roots stressed with high levels of heavy metal exposure has provided empirical evidence
of symbiotic association (Qadir et al. 2020).

Conclusion
Bioremediation by reducing bacteria is highly promising, cost effective and eco-friendly method and
shows great potential for future use. The results here indicated that P. anthropi has relatively high
tolerance to Cr-(VI) and As-(V) and reduction rate. Our �ndings imply that P. anthropi have su�cient
potential to detoxify Cr-(VI) and As-(V), especially in alkaline soils polluted by Cr and As. The natural
ability of the microorganisms to produce phytohormones can be applied to reduce the adverse effects of
stress and to improve the health and development of plants under different environmental conditions.
Primary metal stress and secondary oxidative stress cause damage to the host plants by altering their
biochemistry, however, P. anthropi minimize the toxic effects of chromium and arsenic in host plants by
producing phytohormones and changing the exudates secretion. Therefore, such rhizobacteria may not
only be used as biofertilizers, but also for restoration of Cr and As in polluted areas.
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Figures

Figure 1

Effect of rhizobacterial isolates on plant growth under heavy metal stress. Values are mean of replicates
with ± SE (Duncan test; p < 0.05).
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Figure 2

Phylogenetic consensus tree construction for the identi�cation of bacterial isolate C18 using Maximum
Parsimony method. 98% bootstrap value con�rmed isolate C18 as Pseudocitrobacter anthropi.
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Figure 3

Growth curve of C18 in the presence and absence of heavy metal. Black indicates chromate treated
bacterial cells; Red indicates arsenic treated bacterial cells.
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Figure 4

The capability of Cr-(VI) and As-(V) reduction by isolate C18 (P. anthropi) at 0, 100, 300, 500, 900 and
1200 μg/mL of Cr-(VI)/As-(V).
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Figure 5

Response of phytohormones and plants metabolites in Pseudocitrobacter anthropi bacterial supernatant
to various concentration of chromium and arsenic A) IAA B) GA C) SA D) Flavonoids E) Phenolic content,
F) Protein content G) Proline H) Soluble sugar content. Bars followed by different letters are signi�cantly
different at p=0.05, using Duncan multiple range test. Each bar represents mean of replicated data with ±
SE.
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Figure 6

Rhizobacteria P. anthropi show positive phosphate solubilizing activity on Pikovskaya’s agar plates by
after 24 hours of incubation.

Figure 7

Rhizobacteria isolate P. anthropi effect on A) shoot B) root length of Glycine max under chromium and
arsenic stress. Bars followed by different letters are signi�cantly different at p=0.05, using Duncan
multiple range test. Each bar represents mean of replicated data with ± SE.
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Figure 8

Response of phytohormones and plants metabolites in 14-days old soybean seedling inoculated with P.
anthropi to various concentration of chromium and arsenic Control) without any treatment T1) Plants
exposed to Cr (10µg/mL) T2) Plants exposed to Cr (50µg/mL) T3) Plants exposed to As (10µg/mL) T4)
Plants exposed to As (50µg/mL) T5) Plants inoculated with P. anthropi T6) Plants inoculated with P.
anthropi exposed to Cr (10µg/mL) T7) Plants inoculated with P. anthropi exposed to Cr (50µg/mL) T8)
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Plants inoculated with P. anthropi exposed to As (10µg/mL) T9) Plants inoculated with P. anthropi
exposed to As (50µg/mL). Bars followed by different letters are signi�cantly different at p=0.05, using
Duncan multiple range test. Each bar represents mean of replicated data with ± SE.

Figure 9

P. anthropi inoculation effect on antioxidant machinery of soybean plants exposed to chromate and
arsenate stress A) CAT activity B) AAO activity contents C) POX activity D) DPPH assay. Control) without
any treatment T1) Plants exposed to Cr (10µg/mL) T2) Plants exposed to Cr (50µg/mL) T3) Plants
exposed to As (10µg/mL) T4) Plants exposed to As (50µg/mL) T5) Plants inoculated with P. anthropi T6)
Plants inoculated with P. anthropi exposed to Cr (10µg/mL) T7) Plants inoculated with P. anthropi
exposed to Cr (50µg/mL) T8) Plants inoculated with P. anthropi exposed to As (10µg/mL) T9) Plants
inoculated with P. anthropi exposed to As (50µg/mL).
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Figure 10

ROS accumulation assay with DAB; localized brown areas on the leaves symbolizing ROS accumulation
in a) Control b) Cr 10μg/mL c) Cr 50μg/mL d) As 10μg/mL e) As 50μg/mL f) P. anthropi g) P. anthropi +
Cr 10μg/mL h) P. anthropi +Cr 50μg/mL i) P. anthropi +As 10μg/mL j) P. anthropi +As 50μg/mL.

Figure 11

Bio-reduction and bioconcentration factor of soybean plants inoculated with isolate P. anthropi under
chromium and arsenic stress.


