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Introduction  

Since the industrial revolution, a wide variety of hazardous chemicals have found their way into the 

soils endangering microbiota, animals, plants, and the life of humans. Due to this threat, physical, 

chemical and biological treatments have been developed to remove these dangerous compounds from 

the environment or at least make them less harmful for living things. Among the abovementioned 

treatments, a biological approach, bioremediation, has been widely used, since it has the capability to 

completely transform a wide variety of organic compounds into innocuous inorganic end products or 

can reduce toxicity of these [1]. Furthermore, bioremediation has multiple advantages, including 

reduced exposure of workers to the contaminants, longtime protection of public health, complete 

mineralization of organic compounds, and a possible reduction in the duration of the remediation 

process, in addition to be cost-effective compared to other options [2]. 

 

Bioremediation is a process in which organic compounds are transformed by biological mechanisms 

which use these as carbon or energy source; The products of these transformations are often less 

harmful than the initial substrate and, in some cases, these mechanisms can lead to destruction and 

immobilization of the toxic component and its complete mineralization [3]. Bioremediation can be 

classified as in-situ technique or ex-situ technique. The ex-situ approach involves the physical 

removal of the contaminated waste from the original location and conducting the treatment in a 

bioreactor, while in-situ approach involves treatment of the contaminated waste in place bringing the 

biological mechanisms to it. Even though ex-situ bioremediation is a more exhaustive and efficient 

technique compared with in-situ technique, costs associated with excavation and transportation of the 

soil has lead people to prefer in-situ remediation techniques [4]. In-situ bioremediation has two major 

types: intrinsic and enhanced. Both rely on natural processes to degrade contaminants with 

(enhanced) or without (intrinsic) amendments, and in both techniques removal rates are affected by 

variables such as contaminant distribution and concentration, co-contaminant concentrations, 

indigenous microbial populations, reaction kinetics, and parameters such as pH, moisture content, 

nutrient supply, and temperature [5]. To apply any of these methodologies, an extensive site 

characterization must be made, in order to identify which is the best approach to use.  

If indigenous microorganisms in the polluted area are capable of using the organic pollutant (as 

carbon, nutrient or energy source, or as electron donor or acceptor) and the environmental conditions 

for its growth are optimal, monitored natural attenuation (MNA) is an approach of in-situ 

bioremediation that can be used [6]. Otherwise, if the environmental conditions are not optimal for 

polluted-soil inhabiting microorganisms, these can be modified (e.g. by addition of limiting nutrients, 

optimizing aeration, pH and temperature control) in order to permit microbial growth and pollutant 

degradation; this approach is known as biostimulation [7]. If indigenous microbial populations do not 

have the capability of degrading the pollutant, microorganisms capable of doing so are added to the 

soil. This methodology is called biaugmentation, and it involves the introduction of microorganisms 



that have been isolated from a contaminated site and which are known to have contaminant-specific 

degrading capabilities.  

Although bioaugmentation is widely used, inoculated microorganisms face a wide variety of 

challenges in the soil, which sometimes make this methodology inefficient; challenges that include 

maintaining genetic stability and viability during storage, surviving in foreign and hostile 

environments, overcoming competition with indigenous microorganisms, and moving through the 

pores of the sediment to reach the contaminants [8] [9], make this approach highly susceptive to 

failure. Therefore, new approaches are needed to improve the effectivity of bioremediation processes 

in cases in which bioaugmentation is necessary. 

Mobile Genetic Elements (MGEs) are segments of DNA that encode enzymes and other proteins that 

let themselves repeatedly change their position within (intercellular mobility) or between cellular 

genomes (intracellular mobility) moving their sequence-coded information from one place to another 

[10] [11]. These elements (that can be plasmids, transposable elements, bacteriophages and introns) 

move themselves from a donor to a host chromosome aided by transposases and site-specific 

recombinases. DNA homologous or illegitimate recombination systems of the host lead to 

chromosomal deletions and other rearrangements on the chromosome [12], which in some cases, can 

lead these to acquire new selective advantages.  

Here, we propose an innovative technology aimed at overcoming the aforementioned 

bioaugmentation issues. In the proposed technology, bacterial inoculation is avoided and replaced by 

delivering degrading-enzymes coding genes into the soil-inhabiting bacteria using MGEs. Using 

MGEs to deliver genes encoding proteins associated with contaminant degradation into soil-

inhabitant bacteria (which are already adapted to site’s environmental conditions) will give them a 

selective advantage to grow at the expense of the pollutant, unlike potential competitors which would 

not be able to do so.  

 

Mobile Genetic Elements  

The bacterial uptake of exogenous cell-free DNA is known to happen naturally in the environment 

due the natural competence1 of bacteria, which is believed to be beneficial for these since DNA can 

lead to genetic diversity, nutrient source, and template for DNA repair in closely related species [13] 

[14]. Artificial transformation involving naked DNA from the environment was previously studied 

by Vogel et al. in 2010, who used cell-free plasmids to deliver lindane degradation genes into bacteria 

by electrotransformation [15]. Although Vogel and co-workers successfully introduced lindane 

degrading genes into soil-inhabiting bacteria, the system was considered not to be the best solution 

for long-term degradation due to the possible expulsion of the plasmid and respective loss of 

degrading genes. Because of this, placement of genes in a transposon, a mobile genetic element that 

can be integrated into the chromosome of the host organism, was suggested.  

In molecular biology, it is possible to do genomic modification by homologous recombination. Here, 

naked DNA moves into the cell and enters into the chromosome by homology leading to 

transformation of the host’s chromosomal DNA; however, if the incoming DNA does not contain 

homologous regions with the host’s chromosome, it undergoes degradation.  Therefore, if the genes 

                                                             
1 Competence is known as the ability of bacteria to take up free DNA from the surrounding environment. This competence 
development depends on the expression of proteins that are able to bind DNA on bacterial membrane for its subsequent 

uptake. [52]  



that are meant to be inserted into the chromosome do not have homology with the hosts’ DNA, 

specific vectors must be used that will allow these genes to be inserted into the host’s chromosome 

with the aid of specific enzymes (transposons). 

Transposons or transposable elements are mobile DNA segments that contain DNA sequences 

associated with their movement within or between genomes, as well as genes unrelated to their 

movement, such as antibiotic resistance genes or hydrocarbon metabolism genes [16] [17]. These 

elements can move in the absence of genetic homology from one genetic location to another by a 

movement called transposition [18]. Transposition requires a transposase, which is coded by the 

element itself and it interacts with the ends of the transposon (Inverted Repeats) in a site-specific 

manner, cutting the sequence at both ends of the element and proceeding with the strand- transfer 

reaction to a target site [19] [20] : 

 

Figure 1. A. A transposon is contained in a chromosome or bacterial plasmid, and it is composed by a region that encodes 

for antibiotic resistance or organic degradative genes and the transposase, Inverted Repeats (IR), which are recognized 

by the transposase and Direct Repeats (DR,) which are left into the donor DNA after transposition. B. Once the 

transposase recognizes the IR it attaches to them. C. The transposase then cuts the transposon from the donor site and 

recognizes a target site in a different DNA region or host DNA. D. Finally, the transposase inserts the transposon with its 
sequence-coded information into the target site conferring all the information to the transformed target-DNA. E. 

Transposases release the new DNA segment 

 

Transposases usually can identify specific sequences in target DNA to bind and deliver the 

transposon; nevertheless, there are some transposases that chose their binding sites randomly, such 

as the Tn5 transposase [21] [22]. Using the Tn5 transposase means that there is no need to have a 

specific sequence on the target DNA to introduce the transposon, which gives this system a wide-

range host activity. Due to this randomness and the possibility for insertion of DNA independently of 

the presence of homologous regions, transposons are used mainly for insertional mutagenesis, 

mapping techniques as well as DNA sequencing strategies [23]. Besides the aforementioned uses, the 

transposon insertion mutant system has been used to develop mutant strains by inserting genes for 

developing higher salt tolerance in bacteria [24], increase in heat tolerance, lower nutritional 

requirements, and changing the carbon source preference [25]. Nevertheless, to the author’s 



knowledge, these elements have not been used before for developing mutant strains with pollutant 

degrading ability. In this project, we will develop a methodology that uses transposons for inserting 

contaminant-degrading genes into native bacteria inhabiting contaminated soil to achieve enhanced 

bioremediation. We will use hydrocarbon degradation, specifically phenol biodegradation, as the case 

study. 

Initially, this project aims to develop a methodology for inserting transposons into competent bacteria 

under controlled laboratory conditions. These transposons will carry genes encoding phenol-

degrading enzymes. The genes will be transformed and expressed in host bacteria (E.coli BL21[DE3]) 

with high-level expression of proteins. Once the use of transposons is evaluated and phenol 

degradation by the mutant cells is observed, this methodology will be modified to achieve genomic 

modification of native bacteria living in contaminated soil.  

Case Study: Phenol Degradation by Incorporating Transposons Containing Phenol 

Hydroxylases 

Ralstonia eutropha H16 (also known as Cupriavidus necator or Alcaligenes eutrophus strain 337) is 

a gram negative bacteria contained in the β-subclass of proteobacteria. It is well known for being a 

chemolithoautotrophic organism that has the capability of shifting between both organic compounds 

and H2 as an electron donor (i.e. source of energy) [26], which is a unique feature between the gram-

negative hydrogen-oxidizing bacteria [27].  One of the most known features of this bacteria is its 

ability to synthetize short chain length polyhydroxyalkanoates (PHA) by means of PHA synthase, 

which accumulates them as intracellular granules when there is an abundance of carbon and shortage 

of other factors (e.g. oxygen, nitrogen or phosphate) and is able to use these as a storage for growth 

and survival when an exogenous carbon source is not available [28]. Moreover, the genus Ralstonia 

has played a key role in research on microbial degradation on aromatic compounds [28] [29], since 

there is evidence supporting its capability to grow using a broad range of these compounds, such as 

benzoate, p-hydroxybenzoate, m-hydroxybenzoate, phenol, p-cresol, biphenyl, and L-tryptophan 

[30]. Also, it has been shown that theses bacteria are able to degrade chlorinated aromatic pollutants 

like 2,4-dichlorophenoxyacetic acid and 3-chlorobenzoic acid when plasmid pJP4 is transferred into 

the stain [27].  

For Alcaligenes eutrophus strain 337 phenol degradation was tested in 1983 by Hughes et al, who 

found that this strain was able to grow on this substrate leading to catechol production [30]. However, 

no further studies involving phenol degradation were made with this particular strain, and all the 

attention later focused on strain 335, for which several articles have been published showing its ability 

to degrade phenol under different conditions [31] [32] [33] [34] and its sub sequential accumulation 

of PHBs under certain growth conditions using phenol as the main carbon source [35]. Studies on 

strain 335 showed that phenol degradation is chromosome-encoded [32] [30]and it consists of an 

“upper pathway” which hydroxylates phenol to produce catechol and a “lower pathway” that 

converts the substituted phenol to TCA cycle intermediates (). The “upper pathway” is achieved by a 

phenol hydroxylase¸ a multicomponent enzyme2 that is able to incorporate one atom of molecular 

oxygen into phenol producing catechol, while the second oxygen is reduced to H2O by an appropriate 

hydrogen donor, which in this case is NADH [36]. On the other hand, the “lower pathway” also 

                                                             
2 There are two different types of phenol hydroxylases: A single-component phenol hydroxylase found in some eukaryotes 

and bacteria made up of one peptide [36], and a multicomponent phenol hydroxylase that is coded by six genes contained 

in the same operon that leads to six different subunits only present in bacteria [53] [54]. The first is known to be a 

flavoprotein, while the second one is known to be a diiron-center protein. 

 



termed as meta-cleavage pathway is driven by the produced catechol in the former step, which is 

cleaved in a position adjacent to the two hydroxyls by the enzyme catechol 2,3-dioxigenase producing 

2-hydroximuconic semialdehyde [37] [30], which in turn is degraded into acetaldehyde and pyruvate 

by a series of enzymes.  

 

 

Figure 2. Phenol degradation via meta-cleavage on Ralstonia eutropha H16. A. Phenol; B. Catechol; C. 2-
hydroxymuconate semialdehyde; D. 2 hydroxymuconate; E. 4-oxalocrotonate; F. 2-Hydroxy-2,4-pentadienoate; G. 4-

hydroxy-2-oxopentenoate [29] [21] [22]. 

 

As described by Hughes and Bayly [32], phenol degrading genes involved in meta-cleavage pathway 

in Ralstonia eutropha 335 are organized in two functional units that involves a positively controlled 

monocistronic operon that comprises the phenol hydroxylase structural genes and a second negatively 

controlled operon that comprises the subsequent enzymes of the pathway for complete mineralization 

of the component [35]. Nevertheless, the complete mechanism of molecular control of the expression 

in this strain is not known [38]. Taking into account the capability of strain 335 of degrading phenol, 



and due its close relationship with 337, it is assumed strain 337 should also have the capability of 

degrading phenol through a similar pathway as 335.   

As to Alcaligenes eutrophus 337, the presence of meta-cleavage pathway cluster was shown by 

Pohlman, et al. on its work sequencing this strain genome on 2007, which shows that phenol 

hydroxylase is composed by an operon composed by six genes (poxABCDEF), and that the 

subsequent degradation steps to convert the catechol into pyruvate and acetaldehyde are performed 

by other 6 different enzymes [28]. Phenol hydroxylase pox operon characteristics are shown in (Table 

1) but its mechanism of molecular control is not well studied. 

Table 1.Phenol hydroxylase pox operon characteristics in Ralstonia eutropha H16

 

A related strain, Ralstonia eutropha E2, also contains the same phenol degrading operon and its 

molecular control mechanism, unlike strain 337, has been studied. Hino and its colleagues [39] 

obtained pox operon complete coding sequence and got to analyze it, finding eight complete ORF 

with its possible regulatory region, which is also found in the 337 strain. Among other findings, a 

putative promoter was located immediately upstream poxA, which seems to be the place from where 

poxABCDEFG are being transcribed, which is also found in strain 337. On the E2 strain, pox operon 

is believed to be controlled by an activator, poxR, which when bound to an effector molecule such as 

phenol, may positively regulate the expression of the pox operon through binding to an upstream 

inverted repeat sequence [39].  

There have been studies involving transposon utilization for genome mutagenesis of phenol-

degrading bacteria in order to identify and characterize genes encoding enzymes involved in the 

pathway of phenol utilization as a carbon source [40], but to the author´s knowledge, there are no 

reported studies in which transposons are used to modify the genetic content of a non-degrading 

bacteria to be able to integrate genes involved in the pathway of phenol degradation to its genome. 

For this reason, the main objective of this project is to utilize transposons to genetically modify native 

bacteria in phenol-contaminated soil to confer them the ability to increase in-situ phenol degradation. 

Specifically, phenol-degrading genes from the gram-negative Bacteria Ralstonia eutropha H16 will 

be introduced into transposons. The metabolic information found in strain closely related to H16, was 

used to identify the pox genes, operon regulator, and putative promoter in order to select the 

appropriate DNA region to amplify the phenol degrading genes from Ralstonia eutropha H16. The 

region of interest has an approximate length of 6835 bp taking into account the non-coding regions. 

We needed to include the promoter region, since transposons, unlike plasmids, do not contain any 

promoter region for genes’ expression. We used this strain because it was previously available in our 

laboratory.  

Based on information from previous studies, we developed a methodology to insert the pox operon 

from strain H16 and its control mechanisms into competent E. coli cells, in an attempt to obtain phenol 

degradation in E. coli clones. Introduction of phenol hydroxylase genes will be achieved using EZ-

Tn5™ Custom Transposome Construction Kit, which contains a transposon contained in a vector 

termed as pMOD-2 which comprises a multiple cloning site to which any DNA segment can be added, 

Gene Gene ID Gene Symbol Genomic Sequence Location Lengh (bp) Gene Description Product

pox R 4456499 H16_RS21415 NC_008314.1 609,014-610,708 1695 Fis family transcriptional regulator PoxR

poxA 4456500 H16_RS21420 NC_008314.1 611,211 - 611,435 225 Phenol Hydroxylase phenol hydroxylase P0 protein

poxB 4456501 H16_RS21425 NC_008314.1 611,486 - 612,481 996 Phenol Hydroxylase phenol hydroxylase P1 protein

poxC 4456502 H16_RS21430 NC_008314.1 612,514 - 612,795 281 Monooxygenase phenol hydroxylase P2 protein

poxD 4456307 H16_RS21435 NC_008314.1 612,831 - 614,351 1521 Phenol 2-monooxygenase phenol hydroxylase P3 protein

poxE 4456308 H16_RS21440 NC_008314.1 614,384 - 614,743 359 Phenol Hydroxylase phenol hydroxylase P4 protein

poxF 4456309 H16_RS21445 NC_008314.1 614,781 - 615,848 1068 Phenol Hydroxylase phenol hydroxylase P5 protein



and a Tn5 transposase that has an in vitro transposition frequency 1,000-fold greater than the wild-

type transposase3 [41]. This transposase in particular is not coded by the transposon itself, but it 

recognizes its Inverted Repeats; therefore, in order to transform bacteria, the transposase must be 

added to the transposons before transformation, which together form a complex termed as 

transposome. Once transformed, transposition takes place due the presence of magnesium ions 

contained in bacterial cells, resulting in the insertion of the transposon at random places into the target 

genome [42]. Using this approach, we will be able to evaluate if it is possible to achieve phenol 

biodegradation in E. coli mutant cells after the introduction of the phenol hydroxylase genes from 

Ralstonia eutropha H16 using transposons. 

 

Material and Methods 

Isolation of pox operon by PCR 

The 7.1kb pox operon was obtained from Ralstonia eutropha H16, previously available in the 

Environmental Engineering laboratory at University of Los Andes. Total genomic DNA was 

extracted from R.eutropha H16 using Powersoil® DNA isolation kit. Concentrations of DNA were 

assessed at 260 nm using Thermo NanoDrop 2000C spectrophotometer. The pox operon reverse and 

forward primers were designed as follows (5’Phos/GC GGT CTA GAA TAT CGC TGT CCG GGT 

AGG T 3’ and 5’Phos/CC TAG GAT CCC AAC GCG GTT CAT AGG GAG A3’ respectively), 

which were synthetized by Macrogen and used to amplify the operon of 7278 bp. The amplification 

reactions were made using Q5® High-Fidelity 2X Master Mix, and were carried out in 50µL final 

reaction volume containing 25µL of Q5 High-Fidelity 2X Master Mix, 0,25 µL of each primer, ̴ 

100ng/ µL of DNA template and 23,5 µL sterile distilled water. Amplification conditions where based 

on Q5® High-Fidelity 2X Master Mix protocol (Table 2). The PCR products were detected by 

electrophoresis and compared with the Quick-Load 2-Log DNA Ladder. The PCR product was 

purified using Wizard SV gel and PCR clean-Up system provided by Progene ®. 

Table 2. Phenol hydroxylase pox operon amplification protocol 

Step Temperature (°C) Time (min:sec) Number of Cycles 

1 Initial Denaturation 98 0:30 1 

2 

Denaturation 98 0:10 

30 Annealing 70 0:30 

Extension 72 2:30 

3 Final Extension 72 2:00 1 

4   -4 ∞ 1 

 

Digestions and Ligation of Transposon and pox genes 

For the introduction of genes into the multiple cloning site of the transposon, digestion was made 

using XbaI and BamHI restriction enzymes, which resulted in sticky ends in both insert and vector. 

Due the proximity of the restriction sites in the vector, a sequential double digestion was made: 1 µL 

of pMOD-2 vector was immersed in a solution containing 16µL of nuclease-free water, 2µL of 

NEBuffer 3.1 and 1µL of XbaI restriction enzyme. After 1 hour of incubation at 37°C, heat 

                                                             
3 See the Annexed manual for more information about EZ-Tn5™ Custom Transposome Construction Kit 



inactivation of the enzyme at 65°C was carried out. Once this inactivation was made, 1 µL BamHI 

was added to the mix and afterwards an incubation of 2 hours at 37°C was permitted. Digested product 

was analyzed by electrophoresis and gel-purified using Wizard SV gel and PCR clean-Up system 

provided by Progene ®. As for the gene, simultaneous double digestion was made as follows: 100ng 

of pox genes were added to a mixture containing 23 µL of nuclease-free water, 5 µL of NEBuffer 3.1, 

and 1 µL of each enzyme. The reaction was incubated for 1hour and visualized and purified as the 

digested product.  

DNA concentration of purified products was assessed using Nanodrop spectrophotometer and 

different ratios between vector and insert were used for ligation. Digested transposon carried in 

pMOD-2 vector and pox operon product were ligated overnight at 16°C with T4 DNA. After heat 

inactivation of ligase at 65°C for 15 minutes, the ligation product was transformed in E. coli 5alpha 

and grown at 37°C overnight. Once OD600 of 1-2 was achieved, plasmid purification was performed 

using Wizard® Plus Minipreps DNA purification system.  

Transposome construction and transformation 

Vector pMOD-2 was used as a template for transposon-containing genes amplification using “ME 

plus 9” primers in a PCR reaction with Q5® High-Fidelity polymerase using the same protocol shown 

in Table 2, which allows the amplification of the transposon-containing pox operon. PCR product 

was purified and the expected fragment of 7.4kb was verified and purified from gel using Wizard SV 

gel and PCR clean-Up system. Once the transposon was obtained, it was mixed with 4 µL of EZ-Tn5 

transposase and 2 µL of glycerol as suggested by EZ-Tn5™ Custom Transposome Construction Kit 

protocol to obtain the transposome. Incubation of the mixture at room temperature was permitted for 

30 minutes and then stored at -20°C until the transformation. 

One microliter of transposome was electroporated in BL21(DE3) competent cells using 

Micropulser™ Electroporation Apparatus at 1.8kV for the electric shock. to identify transformants 

screening of colony PCR with “ME 9-plus” primers was performed. 

Analytical methods for Phenol Degradation and Quantification  

Transformed-verified E.coli BL21(DE3) was grown with phenol degrading bacterium (Pseudomonas 

aeruginosa PA01 and Ralstonia eutropha H16)  and non-degrading bacterium (E.coli 5alpha) with a 

control (non-transformed E.coli BL21(DE3)) in medium that contained (g/L) Na2HPO4, 1.66; 

KH2PO4, 1; MgSO4 ∙ 7H20, 0.02; CaCl2 ∙ 2H2O, 0.01; FeSO4 ∙ 7H2O, 0.003; (NH4)2SO2 and  

1.0mL of trace element solution which contained 0.1g of H3BO3 and 0.05g each of CaSO4 ∙ 5H20, 

ZnSO4 ∙ 7H2O, and Na2MoO2 ∙ 6H20, 6mM of sodium acetate and 100ppm of phenol. The bacteria 

were cultivated in 50-mL Falcon tubes with 15mL of medium and grown for 7 days at 30°C with 

constant agitation (150rpm). For measuring phenol degradation UV-Vis spectrophotometer was used 

at 254nm, the maximum peak of the hydrocarbon suggested by Nassar and colleagues [43]. A 

standard curve for phenol was made and a linear equation was used for determining resulting 

concentrations of phenol after being used by bacteria. After verifying degradation, HPLC was 

preformed to verify the data obtained by UV-Vis.  

Results and Discussion  

Pox operon was successfully amplified using Q5-high fidelity polymerase and digestions were 

successful as well; Its concentration after purification were 18.2ng/µL and 17.3 ng/µL for vector and 

genes respectively. Nevertheless, ligation of the desired fragment was not successful under any 

circumstance, which could be possibly attributed to the length of the fragment (7.2kb) as shown in 



Figure 3.A. This hypothesis was confirmed performing a second ligation reaction with a PCR product 

containing pox operon fragment as well smaller fragments (300-400bp) obtained from unspecific 

amplification using pox operon primers (Figure 3.B). This ligation product was amplified using 

transposon specific primer, which without insert is about 200bp. The results of the amplification 

showed a fragment of approximately 600bp which is believed to correspond to the union between the 

transposon and one of the smaller fragments of pox amplification (Figure 3.C). Afterwards, a third 

ligation using gel purified- pox operon fragment showed the same results as the first one, confirming 

the difficulty of the vector pMOD-2 to acquire big fragments.  

 

       

Figure 3. A. Negative PCR using transposon-specific primers of the ligation product using a unique 7.2bp pox product. B. 

Unspecific products of pox operon amplification at 55°C. C. Positive PCR using transposon-specific primers to the 

ligation product involving pox unspecific products. 

 

Taking the results obtained into account, two different approaches are proposed to overcome this 

issue in future experiments. The first suggestion is to use the Gibson Assembly method for cloning, 

instead of using restriction enzymes digestion and ligation separately. This method allows successful 

assembly of multiple DNA fragments regardless their length or end compatibility of overlapping 

fragments that are added to the sequences by PCR [44]. The overlapping fragments are incorporated 

into the insert and vector using primers that share information between the two segments, giving both 

sequences an overlapping fragment that contains complementary information from the other DNA 

sequence4. The second suggestion to overcome this issue is to divide the operon into several smaller 

parts and insert them sequentially into the vector. 

The above proposed alternatives are appropriate if the expression of the phenol hydroxylase from 

Ralstonia eutropha H16 in modified bacteria. Alternatively, instead of using a multicomponent 

hydroxylase (like the one present in H16), which is encoded by a big fragment, a single component 

phenol hydroxylase (scPH) could be used and obtained from other strains such as Ralstonia pickettii 

PK01, which is encoded by tubT and is 3.1kb long [45] , or from several strains of Pseudomonas 

putida which encode the phenol degrading enzyme by a pheBA operon which is approximately 366bp 

in length [46]. It is important to remember that any fragment that is intended to be inserted into a 

                                                             
4 See the Annexed manual for more information about Gibson Assembly Cloning. 
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transposon must have a strong promoter in order to facilitate the expression of genes since unlike 

plasmids, transposons do not have an origin of replication or any promoter.  

Although the present project is still in progress, phenol degradation in Ralstonia eutropha H16 was 

evaluated and observed for the first time. Three replicates of phenol degradation were made using 

Ralstonia eutropha H16, E.coli 5 alpha as negative control, Pseudomonas aeruginosa PA01 as 

positive control and an abiotic control. The conditions of growth are the same described in materials 

and methods.  Degradation of 64-88% of phenol at initial concentrations of 100ppm was achieved in 

7 days, which is likely attributed to the presence of pox operon, based on homology to strain 335. 

This amount of degradation is comparable with that observed using isolated Pseudomonas aeruginosa 

PA01, which showed removals from 67-78% within the same time period (Figure 4). Abiotic samples 

showed phenol loss that ranged from 1-18%, which may be attributed to phenol evaporation due the 

incubation conditions, which can be the reason why the concentration of phenol in the E.coli control 

showed a slight decrease in the experiments. 

 

 

Figure 4. Phenol degradation using abiotic control, E. coli control,  Ralstonia eutropha H16. Initial phenol concentration 
was 100 ppm and final concentration was measured 8 days after inoculation.  

 

Furthermore, phenol degradation behavior of R.eutropha H16 was monitored for 8 days by replicate 

aided by UV-vis spectrophotometer which measured phenol concentration at 254nm in a quartz 

cuvette. The results showed that the strain is able to degrade 50% of the component in the first 24hours 

of the experiment and almost 80% of it by then end of the experiment (Figure 5). Also, it is believed 

that cells produced catechol, which explains the raise in absorbance by the 6th day of experiment. It 

should be clarified that spectrophotometer does not have the ability to differentiate between phenol 

and cathecol, since its function is to report and absorbance at a certain wavelength; Since catechol 

and phenol both contain one aromatic ring, the equipment reports an increase in absorbance which 

could indicate the accumulation of cathecol. To overcome this issue, the use HPLC is recommended. 
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Figure 5. Phenol degradation by Ralstonia eutropha H16. Abiotic control and duplicate samples inoculated with R. 
Eutropha. Squares represent the average and error bars represent the range 

This research about Ralstonia eutropha H16 could lead to further studies of the strain, in which 

production of polyhydroxyburyrate using phenol as a substrate could be evaluated. This, based on the 

findings on a related strain, Ralstonia eutropha strain 335 [35] which is able to do so. Also, studies 

using transposon mutagenesis could certainly attribute phenol degradation to pox operon which could 

be achieved using EZ-Tn5 transposome, a kit that has been successfully used before for this end [47].  

Future Research: In-situ modification of native bacteria using transposon to achieve 

Hydrocarbon bioremediation  

Using transposons for hydrocarbon degradation has several advantages over using bacteria for 

biaugmentation, due to the hurdles that bacteria would have to overcome after being introduced into 

a new environment as it was explained before. However, introduction of transposons into the soil has 

several aspects that must be studied before it can become a large-scale methodology; these aspects 

are included in the following questions:  

i. It has been previously demonstrated that DNA tends to adsorb to the soil due the presence 

of humic acids and quartz [48] [49] ,so what measure can be made to avoid the transposon 

adsorption to the soil in order to successfully transform in-situ soil bacteria? 

 

ii. Studies have shown that transformation is a process with high sensitivity to DNAses, 

because the transfer of genes occurs via free-DNA [50]. Taking this into account, how to 

protect the transposon against DNAses found in the soil? 

 

iii. How to avoid the possible activation of Tn5 transposase before it gets into the bacteria 

due the high concentrations of and Mg+2 found in the soil?  

 

iv. How to successfully transform bacteria into the soil-inhabiting bacteria without having 

to move the soil from the area? And if transformation is achieved by an artificial method, 

how to avoid undesired genes apart from the transposon to get into the bacteria? 
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