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Abstract Heavy metal pollution of the soil is a relevant environmental problem.
Plant growth promoting and tolerance heavy metal bacteria are a promising tech-
nique for phytoremediation. The aim of this study was to isolate heavy metal-
tolerant rhizobia from Calobota saharae. Tolerance to a range of heavy metal ions
was determined by minimal inhibitory concentration (MIC) for Rhizobia which was
isolated from Calobota saharae. The Rhizobium leguminosarum GMO1 strain exhib-
ited strong tolerance to a range of heavy metals including lead (Pb), Cobalt (Co), and
zinc (Zn). R. leguminosarum GMO1 have great potentials for plant growth promotion
and phytoremediation of contaminated soils.
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1 Introduction

Fabaceae were proposed as relevant species for phytoremediation, largely due to their
ability to colonize marginal lands and nutrient-poor soils aided by legume-rhizobia
symbiosis [1]. Heavy metal removal from soils and water can be achieved by a
microorganism [2], microalgae [3], or enzymes [4]. Rhizobia are a paraphyletic group
of nitrogen-fixing bacteria belonging to the Alpha- and Betaproteobacteria classes.
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The symbiosome is the basic nitrogen-fixing unit of the nodule, and the nitrogen fixed
by bacteroids is exported as ammonium to the host plant cytoplasm [5]. Previous
studies demonstrated that inoculation of legume by heavy metal-resistant Rhizobia
could be useful in phytoremediation process. Therefore, this study focused on the
heavy metal-resistant and plant growth-promoting rhizobia isolated from Calobota
saharae (Coss. & Durieu), in order to provide information for phytoremediation.

2 Materials and Methods

2.1 Isolation of Rhizobia

Ten strains were isolated from root nodules of Calobota saharae (Coss. & Durieu)
using a standard method described by Somasegaran and Hoben [6]. The 16S
rRNA gene of GMO1 was amplified by polymerase chain reaction (PCR) using
two universal primers: forward primer, 5'-AGAGTTTGATCCTGGCTCAG-3', and
reverse primer, 5'-AAGGAGGTGATCCAAGCC-3'. DNA electrophoresis, DNA
purification, restriction, ligation, and transformation were all performed according
to the method previously described by Sambrook et al. [7]. The nucleotide sequence
of the 16S rRNA gene was determined on both strands using a BigDye® Terminator
v3.1 Cycle Sequencing Kit and an automated DNA sequencer ABI Prism® 3100-
Avant Genetic Analyser (Applied Biosystems). 16S rDNA sequence analysis was
performed by means of the BLAST program (www.ncbi.nlm.nih.gov/blast). Phylo-
genetic and molecular evolutionary analyses were conducted by means of molec-
ular evolutionary genetics analysis (MEGA) software version 10.0.5. Distances and
clustering were calculated by the neighbor-joining method.

2.2 Nucleotide Accession Number

The 16S rRNA nucleotide sequence data of the newly isolated Rhizobium legu-
minosarum GMOI has been submitted to NCBI GenBank database and assigned
accession number FJ663017.

2.3 Resistance to Heavy Metals of Rhizobia

Rhizobia metal tolerance levels were determined by broth dilution method [8]. After
incubation at 28 °C for 5 days [9], the minimum inhibitory concentration (MIC) was
defined as the lowest concentration of metal salt inhibiting bacterial growth.
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Table 1 Minimal inhibitory concentration of various heavy metals (g mL~!) and plant growth
promoting (PGP) traits (+ present; — absent) for used Rhizobia isolates

Isolates | MIC (ug mL™1) PGP traits
Pb |Co |Cd |Zn |Ni |IAA production | Siderophore |Phosphate
production solubilization

GMO1 3 2 02 |2 0.1 |+ + +
GM24 08 |05 |02 |04 |01 |+ — —
GM30 08 |02 |01 |08 |02 |+ + —
GM34 1.5 (04 |02 |08 |01 |+ — -
GM36 2 04 |02 |04 |02 |+ + +

2.4 Characterization of Rhizobia for Plant Growth
Promoting (PGP) Traits

Rhizobia isolates were tested for the production of plant growth-promoting
substances such as indole acetic acid (IAA) [10], phosphatase [11], and Siderophore
[12].

3 Results

3.1 Heavy Metal Tolerance

Heavy metal tolerance ability of rhizobia was tested by minimum inhibitory concen-
tration (MIC). The five isolated Rhizobia also showed a high tolerance to lead (Pb),
Cobalt (Co), zinc (Zn) (Table 1). All isolates were characterized by low tolerance to
Cd and Ni. Isolate GMO1 was found to have the highest MIC value for Pb, Co, and Zn.

3.2 PGP Traits

The results of PGP traits (Table 1) showed that all five strains of rhizobia (GMO1,
GM24, GM30, GM34, and GM36) and identified with phenotypic characteristic
were able to produce IAA in the presence of L-tryptophan. Three strains (GMO1,
GM30, and GM36) were able to produce siderophore and the phosphate solubilization
activity was shown by two strains namely GMO1 and GM36.
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Fig.1 Phylogenetic tree based on 16S rRNA gene sequences showing the position of strain GMO1
within the radiation of the genera Rhizobium and Bradyrhizobium

3.3 Identification of Rhizobia

The selected GMO1 strain based on PGP characteristics and resistance to high heavy
metal concentration (Table 1) was identified by 16S rRNA gene sequence analysis
(Fig. 1). The comparison of the 16S rRNA gene sequences revealed that GMO1 strain
was phylogenetically related to Rhizobia, belonging to genus Rhizobium (Fig. 1). On
the basis of the phonotypical characteristics (data not shown), and 16S rRNA gene
sequence analysis, strain GMO1 was recognized as R. leguminosarum GMO1 (Fig. 1).

4 Discussion

Heavy metal tolerance ability of rhizobia was tested. The five Rhizobia isolated also
showed a high tolerance to Pb, Co, and Zn. All isolates characterized low tolerance
to Cd and Ni. R. leguminosarum GMO1 was found to have the highest MIC value
for Pb, Co, and Zn. Rhizobia which were isolated from heavy metal-contaminated
soils or plants often exhibit much higher heavy metal-resistant ability to adapt to
such environments [13]. Rhizobia have been recognized as plant growth-promoting
bacteria and some of them could produce auxin, siderophore, and solubilized of
phosphate. The PGP traits may also enhance metal extraction, or stabilization in
soil.
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5

Conclusion

The isolate GMO1 was identified as R. leguminosarum by phenotypic and genotypic
characteristics. The high heavy metal resistance of GMO1 indicates its promising
adaptation abilities for practical applications. This result clearly proves the high
potential for plant growth promotion and for use in phytoremediation of soils
contaminated with heavy metals.
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