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Abstract 

Interactions between microorganisms and plants play an important role in surviving stress conditions, 

including the presence of contaminants. In contaminated sites, plants are able to uptake contaminants, 

but the ability to metabolize them is limited. On the other hand, microorganisms associated with plants 

can form very plastic metabolic networks which can amend the plant metabolism. In the long term, 

rhizosphere microorganisms have been studied, but currently the endophytes are also of interest. 

Endophytes are microorganisms living inside plant tissues, which were often overlooked because of 

methodological issues associated with their studying. In the frame of this study, attention will be paid 

to: (i) examples of bioremediation with important role of endophytes; (ii) methodological approach to 

study these organisms; and (iii) a project will be introduced, which focuses on the molecular analysis of 

bacteria associated with natural vegetation of soil contaminated by polychlorinated biphenyls. 
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Introduction 
During the 20th century, a tremendous amount of chemical compounds posing a possible threat to human 

health and ecosystem functioning was released into the environment. These compounds include 

halogenated and nitrilated aliphatic, aromatic or polyaromatic compounds used in industry and 

agriculture. Their accumulation in the environment endangers all living organisms due to toxic, 

mutagenic and carcinogenic effects. The toxicity of organic pollutants affects microbial community 

structure leading to a possible disruption of ecosystem functioning. The removal of dangerous 

compounds from contaminated sites often consists of site excavation and material incineration or storage 

in a secured landfill, however these procedures are cost demanding and require an extensive amount of 

equipment. Alternatively, bioremediation using a metabolic potential of microorganisms and plants can 

be considered for the removal of pollutants in the area (Demnerova et al., 2005). 

 

Phytoremediation is one of the bioremediation techniques which uses the green plants for the removal 

of pollutants or their metabolic transformation (Cunningham, Berti and Huang 1995). In the case of 

organic pollutants, plants usually transform the pollutant into a less phytotoxic metabolite which is 

transferred and accumulated in the plant (Schnoor et al., 1995), with vacuoles and cell walls being the 

mostly used storage areas (Rezek et al., 2008). Another process among phytoremediation is a 

phytovolatilization consisting of transformation of pollutants into volatile metabolites and their release 

into the atmosphere. In addition, microbial communities associated with plants play an important role 

in phytoremediation, because they can be responsible for the metabolization of pollutants inside the 

plant tissues or in the rhizosphere (Macek, Mackova and Kas 2000). 

 

The role of microorganisms associated with plants is irreplaceable especially in the case of 

biodegradation of organic pollutants. While plants possess only limited ability to metabolize many 

organic pollutants (Rezek et al., 2008), microorganisms are not only able to metabolize, but often 

mineralize the pollutants due to their broad metabolic diversity. However, the metabolism of bacteria 

associated with plants is influenced by plants through mutual interactions, which are mediated by both 

primary and secondary metabolites. Secondary metabolites are synthesized inside plants, distributed 

throughout tissues and further released into the rhizosphere as parts of exudates. The presence of 

secondary metabolites or any change in their composition can lead to a selective fostering of some 

bacterial species and to changes in their metabolic activity. Due to structural analogy between 

contaminants and plant secondary metabolites, degradative enzymes can be induced while the inductor 

is utilized as a source of carbon and energy (Singer, Crowley and Thompson 2003). 



 

Currently, attention is paid not only to the bacteria living in the rhizosphere, but to those living inside 

the plant tissues, endophytes. The endophytes are probably mostly recruited from the rhizosphere or leaf 

surface, but they can be transferred via seeds as well (Ryan et al., 2008). Plants can host more symbiotic 

microbial species in stems and roots and the bacterial communities might differ depending on 

environmental conditions and plant needs (Siciliano et al., 2001). The endophytes can increase plant 

resistance to pathogens, drought, and herbivory, and can provide the plant with fixed nitrogen, increased 

availability of phosphorus and iron, and can produce plant hormones (Reinhold-Hurek and Hurek 1998; 

Selosse, Baudoin and Vandenkoornhuyse 2004). Several studies describe cases in which the habitation 

of plants by selected endophytes led to a decrease in accumulation of the monitored contaminant or to 

an increase in resistance to the phytotoxic effects of the contaminant (Moore et al., 2006; Van Aken et 

al., 2004). The ability of plants to selectively attract and foster bacterial populations capable of removing 

contaminants is probably species specific (Doty 2008). In a crude oil contaminated area, endophytes 

bearing genes responsible for the degradation of crude oil components were identified to colonize 

several plant species. Moreover, the number of degradative genes was higher in the endophytes than in 

rhizosphere bacteria of the same plants (Siciliano et al.,2001). A very important role of endophytes in 

bioremediation is evident from these results.  

 

Almost all available information about endophytes have originated from isolates obtained from plant 

tissue after surface sterilization. However, this approach does not provide a true insight into the 

communities because only a small amount of the present microorganisms can be cultivated using 

common procedures (Torsvik and Ovreas 2002).   Another factor supporting unculturability of 

endophytes is the specificity of the plant internal environment, which is very unlikely to be simulated 

by any cultivation medium. During the last years,  methods in molecular biology have undergone a rapid 

evolution, which allowed a break-through in diversity studies and in studies of metabolic potential of 

plant-associated communities directly in the environment (Chaudhry et al., 2005; Riesenfeld, Schloss 

and Handelsman 2004; Uhlik et al., 2013). Therefore, the cultivation has often been overcome by the 

combination of metagenomics with high-throughput next generation sequencing, which has led to 

sufficient sequencing depth, ensuring adequate description of high microbial diversity.  

 

Methods 

The presented project was aimed to compare the diversity of bacterial populations associated with plants 

naturally growing in a landfill of soil which is long-term contaminated with polychlorinated biphenyls 

(PCBs). In this locality, bulk soil, roots and other plant tissues, and rhizospheres of the following plants 

were sampled: birch, blackberry, pine, oak, mullein, willow, poplar, poa grass, hypnum moss and ash. 

The samples from roots and other plant tissues were surface-sterilized followed by DNA isolation from 

all the samples. Isolated DNA served as a template for the amplification of the 16S rRNA gene. In the 

plant samples, amplification of the 16S rRNA genes derived from mitochondria and plastids was 

inhibited using peptide-nucleic acids. The obtained amplicons were pyrosequenced and computationally 

processed using the mothur software (Schloss et al., 2009) and the R Project (R Core Development 

Team, 2009).  

 

For the evaluation of the plant potential to stimulate the growth of bacteria capable do degrade PCBs, 

quantitative PCR (qPCR) was used in order to determine the amount of biphenyl dioxygenase (bphA) 

gene in the rhizosphere metagenomes. The amounts of bphA were normalized to the amount of 

16S rRNA gene quantified in a similar manner. 

 

Results 

Ordination analysis of the soil samples revealed that the rhizosphere samples clustered tightly together 

and were different from the bulk soil sample which was not included in the same cluster. In the 

rhizosphere samples, common soil bacteria were detected and the most abundant OTUs (Operational 

Taxonomic Units; the clusters of 16S rRNA gene sequences with 97% similarity) did not differ greatly. 

While in the bulk soil the bacterial phylum Firmicutes was the most abundant followed by 

Actinobacteria and Proteobacteria, in the rhizosphere samples the phylum Proteobacteria was the most 

abundant followed by Actinobacteria and Bacteroidetes. 



 

Ordination analysis of the endosphere samples did not reveal clustering based on the origin of the 

samples (plant species or tissue). In the plant tissue samples, the presence of several OTUs not classified 

into any known bacterial genera was detected. These OTUs were classified only at the level of order or 

class and some of them were classified only at the domain level. The analysis of presence and abundance 

of OTUs in all samples revealed differences in bacterial communities living in the rhizosphere and the 

endosphere of each plant.  

 

The highest abundance of bphA gene was detected in the rhizospheres of willow and blackberry and 

other samples contained amounts comparable to the amount detected in the bulk soil. 

 

Discussion 

The analysis of diversity of bacterial communities led to the detection of common soil bacteria, some of 

which were described as being able to degrade organic xenobiotics, e.g. genera Pseudomonas, Bacillus 

and Rhodococcus. In general, the rhizosphere is considered a better source of nutrients in comparison to 

the bulk soil especially due to the presence of plant exudates consisting among others from secondary 

metabolites which can cause selective pressure and stimulate degradative activity in bacteria (Singer, 

Crowley and Thompson 2003). However, the secondary metabolites can dispose of antimicrobial 

activity.  

 

When bacterial diversity among plants was analyzed in a closer detail, a higher diversity was detected 

in rhizospheres than in endospheres and the most abundant OTUs were not shared among the 

rhizospheres and plant tissues. This phenomenon might be caused by differences in both environments 

and even while both environments are influenced by plants, each plant can prefer different 

microorganisms inside tissues than in the rhizosphere (Weyens et al., 2009). This preference could be 

based on a need of different ecological functions of each community. In the endophytic communities, 

several sequences were detected, which were not successfully assigned to any already described 

bacterial genera, including the Candidatus genera (not yet cultured, but with already detected 

sequences). This phenomenon is possibly caused due to insufficiently explored endosphere which could 

harbor some endemic species. Another reason might be the cultivation methods used in most of the 

endophytic studies and the fact that not many bacteria can grow under laboratory conditions. Any 

application of molecular methods was problematic to apply, because the 16S rRNA gene is present not 

only in bacteria, but also the plant mitochondria and plastids. When the 16S rRNA gene amplicons are 

prepared from plants, the amplification of plant sequences occurs as well. Moreover, the plant derived 

16S rRNA gene sequences can represent up to 90% of all the obtained sequences (Zarraonaindia et al., 

2013), which can lead to the loss of sequences derived from bacteria and thereby the distortion of the 

obtained results. We prepared our samples using peptide-nucleic acids (PNAs) for the inhibition of 

amplification of plant derived 16S rRNA gene sequences. The PNAs were designed to hybridize with 

the organoid sequences (Lundberg et al., 2013) and sterically inhibit amplification of target genes.  

 

The quantification of biphenyl dioxygenase genes suggests that willow and blackberry could have 

stimulating effects on bacteria which are capable of PCB degradation. 

 

Conclusion 

The diversity of bacteria associated with plants growing in a long-term PCB-contaminated soil was 

successfully accessed. The bacterial communities living in the rhizospheres differed from the 

community in the bulk soil. The rhizosphere communities differed from the endophyte communities in 

each plant. The amount of biphenyl dioxygenase gene was more abundant in the rhizosphere of willow 

and blackberry than in other samples.  
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