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Minireview Article

Nocardia corallina (Rhodococcus corallinus) Applicability for Bioremediation of Petroleum Wastes in Soil


ABSTRACT

Oil exploration, drilling, refining, and transport have the potential to release petroleum pollutants into water and soil. There is a natural but slow remediation from the action of microorganisms. In this minireview I propose, and support with evidence, that Nocardia corallina should be investigated for solutions to remediation of accidental releases of crude petroleum and petroleum-derived chemicals. Many Nocardia species are found in soil and water and are recognized for their abilities to degrade complex organic compounds including hydrocarbons found in petroleum. Specifically, Nocardia corallina, an indigenous soil microbe, is a naturally transconjugant organism with combined potential for hydrocarbon utilization and heavy metal resistance. Thus, its utilization would not require molecular redesigning for this application. I am not aware of any reports that Nocardia corallina is a human pathogen; however, the Nocardia genus does contain human pathogens. The evidence for applying Nocardia corallina for remediation of petroleum spills is commanding and artificial intelligence (AI) should be used to design specific laboratory and field research to assure efficacy and safety.

1. INTRODUCTION

Pollution of water and soil by petroleum and petroleum-based chemicals occurs naturally and by unplanned releases into the environment (Fig. 1). Microorganisms have a significant role in the chemical and metabolic conversions that occur naturally, and this role could be enhanced and utilized for specific remediation required by accidental releases of petroleum pollutants. The Website: Lecture 12, titled Bioremediation in the Website: Waste Containment and Remediation Technology [1] provides a detailed overview of bioremediation including its history, mechanisms, and limitations. It includes examples with details about specific processes, chemicals and mechanisms that are based on actual example’s at several sites. 
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Figure 1. Remediation of oil spills is essential for preserving the environment.
 In this minireview I briefly review bioremediation and assess the evidence that Nocardia corallina (reclassified as Rhodococcus corallinus) [2] has attributes that could be effectively utilized for abatement of environmental petroleum pollution by bioremediation.
 
2. BIOREMEDIATION
 
Ayilara and Babalola, in 2023, pointed to “the use of… bioremediation… to lessen the effects of environmental pollutants” and they recommended microbes as bioremediation agents [3]. This wide-ranging review addresses areas including: the toxicity of pollutants, types of remediation, microbes used for bioremediation and the pollutant remediated (Nocardia corallina is not listed), mechanisms of microbial remediation, factors affecting microbial bioremediation, microbial enzymes used in bioremediation, molecular approaches for validating microbial remediation. Under the topic of future perspectives and conclusions it states (in part): “It is imperative to intensify research to unravel novel microbes that can effectively and rapidly bioremediate different pollutants, especially from industrial sources… It is also very important to carry out more studies to innovate rapid detection  methods to reveal the progress or help to confirm total biodegradation of pollutants… microbes presently used in bioremediation can be genetically modified to produce more enzymes which will enhance their biodegrading ability. A combination of different microbial consortium other than a single microbial consortium would be a better approach to bioremediation” [3]. 

Kuppan et al., in 2024, comprehensively reviewed bioremediation as an ecologically-friendly solution for waste and pollution management [4]. They reviewed insights from two perspectives. One perspective was on the mechanisms, applications, and types of bioremediation and the other was on the transformative potential of integrating the use of Internet of Things (IoT), Artificial Intelligence (AI), and biosensors for management of pollution. They stated: “IoT, AI, and biosensors have potential to revolutionize bioremediation and waste management and mitigation of environmental pollution in ways that are sustainable.

Alori et al., in 2022, reviewed bioremediation techniques [5] and the problem includes that the soil pollutants hydrocarbon and heavy metals are absorbed by crops and may ultimately be consumed by humans with risks of cancer and other pathologies. These authors stated: “Conventional methods pf remediation such as chemical and physical methods are very expensive and not sustainable… Bioremediation is a biological method of reclaiming polluted soils. Bioremediation is less expensive and more sustainable and safer [5].”

Gupta and Gandhi, in a review of organic pollutants in soil and water in 2023, stated that bioremediation is an ecofriendly technology that “can solve the problems of soil-water pollution due to hydrocarbons as it is a low-cost and self-driven process that utilizes microorganisms and plants or their enzymes to degrade and detoxify pollutants and thus, promote sustainable development” [6].

2.1 Bioremediation of Soils Contaminated with Hydrocarbons

The paper Microbial bioremediation of soils contaminated with petroleum hydrocarbons by Elshafei and Mansur, published in 2024, addressed the scope of this solution to a significant problem. They conclude that petroleum contamination is a serious problem from compounds that are carcinogens and mutagens; that bioremediation is effective for removing contaminants from the environment and they concluded that “Microbial remediation produces relatively few harmful by-products and is less expensive than most cleanup methods. [it] is an eco-friendly and sustainable solution to the urgent challenge of environmental pollution.” Their review included biodegradation and transformation of heavy metals, hydrocarbons, oils, pesticides, and dyes.  The authors concluded: “ By utilizing living microorganisms such as bacteria, fungi, and algae, hazardous pollutants… can be detoxified and degraded into by-products thar are less toxic…  Microorganisms can be found naturally at a contaminated site or they can be intentionally introduced… The degradation of pollutants usually requires the cooperation of multiple types of microbes…Recent studies have highlighted the use of genetically modified microorganisms…” 

The paper by Stepanova et al, Published in 1922 [7] called attention to this problem at drilling sites and during transportation.  They described the metabolic pathways of degradation for alkanes, alkenes and aromatic hydrocarbons. They stated: “The data presented in this review point to the great potential of bioremediation practices for cleaning soils of petroleum.”

The review by Sah et al. [8] called attention to the low bioavailability of toxic petroleum hydrocarbons and that traditional treatment methods for their removal are “ineffective and costly. However, many indigenous microorganisms in soil and water can utilize hydrocarbon compounds as sources of carbon and energy.” They emphasized the significance of biosurfactants and  and how nanotechnology is employed in bioremediation.

The 26 page paper titled: A review of the genetics of aliphatic and aromatic hydrocarbon degradation by Abbasian et. al [9] details that degradation of hydrocarbons is made more difficult by the fact that they are highly diverse and genes encoding enzymes required for degradation and for uptake are usually arranged as an operon which they state results via horizontal gene transfer. They review that biodegradation of hydrocarbons begins with oxidation of the substrate by electron-carrier-dependent monooxygenases to produce the corresponding alcohol which is broken down to smaller molecules and utilized by the ‘central catabolic reactions” of the cells. They describe the degradation of the cycloaliphatic hydrocarbons, plasmid containing toluene and xylene oxidizing genes; degradation pathways for nitroaromatic compounds; and the genetics of microbial adaption to high hydrocarbon concentrations (and the associated problem of the limitation of mineral nutrients). They stress that the implications of horizontal gene transfer can aid environmental microbiologists to choose appropriate genes “to create efficient efficient genetic-engineered microorganisms… “for the selection of ap or to select appropriate (non-genetically engineered) microbial consortia… as an inoculum in the bioremediation of contaminated sites”[9]. 

The review by Sui et al. in 2021 addressed advances, mechanisms, and challenges of remediation of petroleum-contaminated soils using microbes and microbes plus other methods [10]. They stated: “Remediation of soil contamination produced by petroleum hydrocarbons… is a difficult and time-consuming job… investigations have revealed that a single microbial remediation faces difficulties, such as inconsistent remediation effects and substantial environmental consequences.” These authors also comparatively address the use of incineration and state: “The carbon in the soil is reduced by 49-98% as the incineration temperature rises from 200 to 1050 degrees C… The incomplete combustion of petroleum increases the hidden dangers of environmental safety, .. Microbial remediation is inexpensive, and it can completely mineralize organic pollutants into carbon dioxide, water, inorganic compounds and cell proteins, or convert complex organic pollutants into other simpler organics… Microorganisms can utilize organic pollutants as their only source of carbon… Long remediation times and low remediation efficacy of free microorganisms are issues with microbial remediation” [10] . 

The primary contaminants in petroleum-contaminated soil are toxic and hazardous aliphatic, cycloaliphatic, and aromatic hydrocarbons [11]. These authors stated: “…hydrocarbons present in the oil sludge were effectively degraded by the microbial consortia [which was] also effective in removing the heavy metals.”

Xu et al. [12]stated: “With the sharp increase in population and modernization of society, environmental pollution resulting from petroleum hydrocarbons has increased, resulting in an urgent need for remediation. Petroleum hydrocarbon-degrading bacteria are ubiquitous in nature and can utilize these compounds as sources of carbon and energy… many environmental factors hinder its practical … the use of bacteria to deal with environmental pollutants has become a promising technology because of its low cost and eco-friendly nature.”  

3. NOCARDIA CORALLINA

Nocardia corallina has been relatively overlooked as an agent for bioremediation. The fragmentation during the cell growth cycle has been studied and fragmentation was initiated by agents that accumulated in the medium during growth and its growth rant was studied [13]. The pigment of this microbe has been analyzed and found to be consistent with C46H80N3 with an undetermined amount of oxygen present [14]. The morphological changes during its life cycle, as affected by growth substrate, were reported [15] The complex life cycle changes of Nocardia corallina (from coccoidal cells to hyphae to fragmentation) was reported to result via cross-wall formation rather than by cytoplasmic segmentation [16]. The survival of Nocardia corallina and the degradation of its constituents was studied and during starvation, viability fell by 50%; however, loss of viability could not be directly correlated with the utilization of any particular constituent ( polysaccharide, protein, RNA, fatty acids) [17]. The nutritional requirements of Nocardia corallina were reported based on cited studies and it was stated that a medium containing glucose, ammonium sulfate, and inorganic salts was stimulated by the addition of “small amounts of tryptic meat broth or yeast extract… thought to be related to but not identical with vitamin B1”, and the paper detailed their results regarding necessary growth factors for culture of the microbe [18]. 

The paper: Indigenous soil bacteria with the combined potential for hydrocarbon consumption and heavy metal resistance by Nida Ali et al. [19] is strikingly on point for the proposal of this Prospective Review. The study included Nocardia corallina and the authors stated: “The purpose of this study was to offer evidence that such microorganisms [transconjugant bacteria with combined potential for hydrocarbon utilization and heavy metal resistance] are already part of the indigenous soil microflora.” They concluded “There is no need for molecularly designing microorganisms with the combined potential for hydrocarbon utilization and heavy metal resistance because they are already a part of the indigenous microflora [emphasis added].” 

3.1 Relevant bioactivity of Nocardia Corallina 

Nocardia corallina (now Rhodococcus corallinus) [20] strain B-276 isolated with propene as the sole carbon source oxidizes trichloroethene (TCE). TCE degradations was maximal with cells in the stationary phase; the alkene monooxygenase genes  when expressed in Escherichia coli degraded TCE [20]. They provided clear evidence that the alkene monooxygenase of strain B-276 of Nocardia corallina catalyzes TCE oxidation.
The polyhydroxyalkanoate (PHA) gene fragment from Nocardia corallina has been sequenced and has been transferred into a broad range of bacteria hosts including Escherichia coli and Klebsiella aerogenes [21]. The OHA-synthase from Nocardia corallina mediated production of poly-3-hydroxybuytyrate when grown on hexanoate or long chain fatty acids.

4. HEALTH CONCERNS FROM BIOREMEDIATION WITH NOCARDIA CORALLINA
 
I know of no published papers that indicate or verify that Nocardia corallina is a human or animal pathogen, or that it causes plant disease. It is reasonable to assume that some humans could become allergic to the microbe or its metabolic products. Prudence would dictate that due caution should be used for any large scale production or dispersion of the microbe. The potential effects of horizontal gene transfer with large cultural masses cannot be empirically assessed. Since the microbe is not a known pathogen the possible effects of very large populations on antibiotic resistance is of unknown significance. Introduction of large populations has the potential for creating biofilms and their significance, if any, for pathogenesis in this setting is unknown.

5.. CONCLUSIONS

Nocardia corallina (Rhodococcus corallinus) is recommended for further study for applications in bioremediation of petroleum environmental spills. The rational for this includes: (1) the microbe is not known to be pathogenic for humans or other animals or plants, (2) there is empirical evidence that it effectively biodegrades a variety of petroleum chemicals, (3) it can use a variety of petroleum chemicals as the sole source of carbon, and (4) it can metabolize and multiply in typical petroleum-polluted soils. 
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