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Editorial on the Research Topic 

Petroleum Microbial Biotechnology: Challenges and Prospects 

It has become evident that fossil fuels such as petroleum will continue to 

contribute a major fraction of the energy portfolio worldwide for the coming 

decades. The United States Energy Information Administration anticipates a 

growth of global oil demand up to 123 million barrels per day by 2025 ( Sahu

et al., 2015 ). Accordingly, oil production and processing operations are 

expanding continuously to meet the accelerated growth in global energy 

demand. 

Unfortunately, serious environmental pollution issues are associated with 

petroleum recovery, transportation, and refining. In addition, these 

processes are energy-intensive, costly, and, in some cases, not sufficiently 

efficient ( Gray, 1994 ; Kilbane, 2006 ; Ramirez-Corredores and Borole, 2006

). Furthermore, the increased demand for fossil fuels will inevitably force the 

oil industry to produce and refine increasing amounts of unconventional 

resources such as heavy and extra-heavy crudes as well as bitumen. This will

lead to even more environmental issues in addition to technical challenges 

for the oil industry ( Ramirez-Corredores and Borole, 2006 ; Speight, 2013 ). 

The continuously rising global demand for cleaner fuels, together with the 

depletion of light crude oil resources and strict environmental regulations, 

have provoked the need for alternative or complementary novel technologies

for oil production and refining. The interaction between microorganisms and 

petroleum hydrocarbons has been well recognized and the intimate contact 

between them starts in oil-bearing subsurface formations ( Ehrlich et al., 
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2016 ). This constituted the basis from which petroleum biotechnology has 

emerged. Petroleum biotechnology exploits the astonishing metabolic and 

adaptive capabilities of dedicated hydrocarbon-degrading/transforming 

microorganisms ( Van Hamme et al., 2003 ; Mbadinga et al., 2011 ). As 

compared to conventional thermochemical and physical approaches, 

biotechnology-based processes are generally environmentally friendly, 

economic, and are characterized by high selectivity ( Le Borgne and 

Quintero, 2003 ; Kilbane, 2006 ). 

Petroleum biotechnology has been applied for environmental cleanup of oil 

spills and biological treatment of refinery wastes (bioremediation). Other 

emerging applications include oil exploration, microbial enhanced oil 

recovery (MEOR), biodesulfurization and biodenitrogenation of distillates, 

biodemetallation, bioupgrading of heavy crudes and refining residues, 

valorization of refining wastes, bioconversion of residual oil to methane, 

control of oil field souring and corrosion, formulation of petrochemicals, etc. (

Vazquez-Duhalt and Quintero-Ramierez, 2004 ; Morales et al., 2010 ; 

Mbadinga et al., 2012 ; Wang et al., 2012 , 2014 ; Zhou et al., 2012 , 2016 ; 

Bachmann et al., 2014 ; Bian et al., 2015 ; Head and Gray, 2016 ). 

With the exception of bioremediation and enhanced oil recovery, most of 

these applications are still in the research and development phase in 

laboratories ( Morales et al., 2010 ; Bachmann et al., 2014 ). For commercial 

application, intensive research and development work is still needed to 

thoroughly understand the structure, function and ecophysiology of microbial

communities inhabiting oilfields, refineries as well as oil- and hydrocarbon-
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impacted ecosystems. This direction of research has been greatly advanced 

by both culture-independent and conventional enrichment approaches. 

Currently, the power of metagenomics afforded by rapidly evolving advanced

sequencing techniques can be harnessed for comprehensive structural and 

functional characterization of microbial communities to advance knowledge 

on the active microbial community members and the functional genes 

expressed in subsurface ecosystems and other environments ( Joshi et al., 

2014 ; Tan et al., 2015 ). 

A major challenge that impedes the development of further biotechnological 

applications for the petroleum industry is the complex, heterogeneous, and 

hazardous nature of crude oil and various distillates, residues and wastes. 

Successful application of petroleum biotechnology is based on the 

development of robust microbial biocatalysts that can adapt to and tolerate 

the various hydrocarbon substrates, and perform the desired biodegradation 

or biotransformation reactions at commercially viable rates. Recent 

advances in the field of hydrocarbon activation under anoxic conditions have

enriched the scientific knowledge on new biochemical processes, and the 

fumarate-addition pathway is an example as evidenced in enrichment 

cultures and oilfields ( Mbadinga et al., 2011 ; Bian et al., 2015 ; Zhou et al., 

2016 ). In this context, microbial consortia, naturally occurring or 

reconstituted, offer many advantages as compared to axenic strains for 

energy recovery or production of value-added intermediate chemicals (

McGenity et al., 2012 ; Mikesková et al., 2012 ). 
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In this research topic, we received 19 articles that cover 6 applications on 

different aspects of petroleum biotechnology. Three papers focus on 

microbial enhanced oil recovery, 3 papers address methanogenic 

degradation of hydrocarbons and CO 2 sequestration, 3 papers investigate 

bioremediation, 4 articles characterize microbial communities, 4 articles 

discuss microbiologically influenced corrosion, 1 article addresses 

biodesulfurization, and 1 is an opinion article. In the following, we briefly 

describe these articles in chronological order starting with the most recent. 

Dong et al. investigated microbial enhanced oil recovery using rhamnolipid 

biosurfactants produced by a novel strain of Acinetobacter junii . They show 

significant increase in oil recovery due to reduction of interfacial tension, 

alteration of wettability and mobility of microorganisms. Liang et al. 

performed functional and structural characterization of alkane-degrading 

methanogenic enrichment cultures, employing long-term incubation to 

eliminate inactive members and accumulate the key players. They also 

analyzed the degradation process and the functional genes involved. Nie et 

al. highlight factors that shape taxonomic and functional composition of 

microbial communities in oil reservoirs using shotgun sequencing of 

metagenomes from geographically distant oil reservoirs. 

Obi et al. adopted Illumina sequencing of 16S rRNA genes to explore the 

impact of pollutant type and level on microbial community structure and 

function in estuarine sediments of Lagos lagoon (Nigeria) to identify key 

hydrocarbon degraders and those affected by the pollution. In a study on 

microbially influenced corrosion, Liang et al. establish the role of the 
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halophilic Halanaerobium as a corrosion-causing bacterium in a gas 

production field. They also report that the dominant Halanaerobium strain 

degrades guar gum, which is used in fracture fluids to produce acetate and 

sulfide. The impact of substrate complexity on the community structure of 

methanogenic hydrocarbon-degrading enrichment is described by Fowler et 

al. Their findings highlight the stability of syntrophic interactions regardless 

of substrate diversity and show the importance of syntrophic interactions 

amongst the members of complex methanogenic communities. 

In another work on corrosion, Voordouw et al. used uniformly sized carbon 

steel beads for monitoring corrosion in oil fields. For bioremediation of desert

soil, Al-Kindi and Abed applied biostimulation to oil-contaminated desert soil 

with sewage sludge, wheat straw, and soybean meal. They presented data 

on oil degradation and shifts in microbial community composition. The 

biodesulfurization potential of mixed cultures is addressed by Ismail et al. , 

with the authors showing how the sulfur source affects the structure of a 

biodesulfurizing mixed culture. They also studied the biodesulfurization 

spectrum and catalytic activity. Gao et al. shed light on stimulation of 

microbial enhanced oil recovery using a lipopeptide-producing Bacillus 

subtilis strain that is added during water flooding of oil reservoirs. 

Aüllo et al. describe two Desulfotomaculum populations as key degraders of 

monoaromatic compounds in a deep subterranean gas storage aquifer. They 

also present carbon and hydrogen isotopic fractionation data that highlight 

the mechanism of anaerobic benzene activation under sulfate-reducing 

conditions. In his opinion article, Kilbane reviews the potential contributions 
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of biotechnology to the future energy industry and discusses the underlying 

challenges. Muhr et al. developed a fluorescent bioreporter for acetophenone

using the acetophenone catabolic operon as a scaffold. They show that the 

mCherry-based bioreporter is specific to acetophenone and two enantiomers 

of 1-phenylethanol, which are transformed to acetophenone and has 

potential application in environmental monitoring and petroleum exploration.

An et al. applied metagenomics to analyze sodium bisulfite impact on 

corrosion-provoking microbial communities in bitumen production pipelines. 

They show increased abundance of hydrogen-utilizing delta and 

epsilonproteobacteria after excess application of sodium bisulfite as an 

oxygen scavenger. Mand et al. investigated how methanogens and 

acetogens play a role in microbial influenced corrosion in low-temperature oil

reservoirs using carbon steel organics as an electron donor. Xue and 

Voordouw studied the combination of biocides and nitrate for control of oil 

reservoir souring. Elshafie et al. characterized sophorolipid biosurfactants 

produced by Candida bombicola and explored their applicability for microbial

enhanced oil recovery. 

Ren et al. draw our attention to the impact of allochthonous bacteria, 

introduced into oil reservoirs during water flooding, on indigenous microbial 

communities. They present permeability of the strata and reservoir 

conditions as determinants for the abundance of the bacteria injected in the 

production well. Liu et al . performed functional characterization of microbial 

communities in CO 2 -flooded oil reservoirs and highlight the potential 
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conversion of CO 2 into methane using functional genes of methanogens and 

hydrogenases as biomarkers. 

The collection of research results compiled in this research topic is by no 

means exhaustive. It merely serves to showcase current understanding of 

some petroleum biotechnology applications from active researchers around 

the world. Though very challenging, the potential of biotechnology in the 

fossil fuel industry is immense and the coming decades will witness 

considerable progress in the field. This will be fueled by advances in relevant

disciplines such as metabolic engineering, bioprocess technology, 

biochemical engineering, as well as biocatalysis. In particular, the field of 

artificial metalloenzymes has turned into a vibrant research area, which can 

be exploited for development of novel hydrocarbon biotransformations. New 

knowledge on hydrocarbon biodegradation and biotransformation has been 

derived from recent research, especially from studies on specific biochemical

processes and the underlying genes and microorganisms. Recent 

metagenomics techniques coupled with stable isotope probing, single cell 

sequencing, metaproteomics and metabolomics will illuminate new insights 

into microbial ecophysiology in subsurface ecosystems. At the same time, 

synthetic biology will play an important role in the optimization of the 

assembly of selected functions into engineered organisms or consortia to 

realize purpose-directed development of efficient biocatalysts. In parallel 

with scientific advances, extensive collaboration between academia and the 

fossil fuel industry is essential to ensure successful development and 

implementation of biotechnology applications that tackle specific technical, 

economic, and environmental issues. Overall, while petroleum has deep 
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roots in the history of microbiology, it is clear that the subject remains 

critically important for industry and the environment and will remain an 

active area of fundamental and applied research for decades to come. 

Author Contributions 
All authors listed, have made substantial, direct and intellectual contribution 

to the work, and approved it for publication. 

Conflict of Interest Statement 
The authors declare that the research was conducted in the absence of any 

commercial or financial relationships that could be construed as a potential 

conflict of interest. 

References 
Bachmann, R., Johnson, A., and Edyvean, R. (2014). Biotechnology in the 

petroleum industry: an overview. Int. Biodeterior. Biodegradation 86, 225–

237. doi: 10. 1016/j. ibiod. 2013. 09. 011 

CrossRef Full Text | Google Scholar 

Bian, X.-Y., Mbadinga, S. M., Liu, Y.-F., Yang, S.-Z., Liu, J.-F., Ye, R.-Q., et al. 

(2015). Insights into the anaerobic biodegradation pathway of n -alkanes in 

oil reservoirs by detection of signature metabolites. Sci. Rep. 5: 9801. doi: 

10. 1038/srep09801 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Ehrlich, H. L., Newman, D. K., and Kappler, A. (2016). Ehrlich's 

Geomicrobiology, 6th Edn . Boca Raton, FL: CRC Press. 
https://assignbuster.com/editorial-petroleum-microbial-biotechnology-
challenges-and-prospects/

http://scholar.google.com/scholar_lookup?author=X.+-Y.+Bian&author=S.+M.+Mbadinga&author=Y.+-F.+Liu&author=S.+-Z.+Yang&author=J.+-F.+Liu&author=R.+-Q.+Ye+&publication_year=2015&title=Insights+into+the+anaerobic+biodegradation+pathway+of+n-alkanes+in+oil+reservoirs+by+detection+of+signature+metabolites&journal=Sci.+Rep.&volume=5&pages=9801
https://doi.org/10.1038/srep09801
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=25966798
http://scholar.google.com/scholar_lookup?author=R.+Bachmann&author=A.+Johnson&author=R.+Edyvean+&publication_year=2014&title=Biotechnology+in+the+petroleum+industry%3A+an+overview&journal=Int.+Biodeterior.+Biodegradation&volume=86&pages=225-237
https://doi.org/10.1016/j.ibiod.2013.09.011


 Editorial: petroleum microbial biotechno... – Paper Example  Page 10

Google Scholar 

Gray, M. R. (ed.). (1994). “ Heavy oil and residue properties and 

composition,” in Upgrading Petroleum Residue and Heavy Oils (New York, 

NY: Marcel Dekker Inc.), 1–40. 

Head, I. M., and Gray, N. D. (2016). Microbial biotechnology 2020; 

microbiology of fossil fuel resources. Microb. Biotechnol. 9, 626–634. doi: 10. 

1111/1751-7915. 12396 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Joshi, M. N., Dhebar, S. V., Dhebar, S. V., Bhargava, P., Pandit, A. S., Patel, R. 

P., et al. (2014). Metagenomic approach for understanding microbial 

population from petroleum muck. Genome Announc. 2, e00533–14. doi: 10. 

1128/genomeA. 00533-14 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Kilbane, J. J. (2006). Microbial biocatalyst developments to upgrade fossil 

fuels. Curr. Opin. Biotech. 17, 305–314. doi: 10. 1016/j. copbio. 2006. 04. 005

PubMed Abstract | CrossRef Full Text | Google Scholar 

Le Borgne, S., and Quintero, E. (2003). Biotechnological processes for the 

refining of petroleum. Fuel Process. Technol. 81, 155–169. doi: 10. 

1016/S0378-3820(03)00007-9 

CrossRef Full Text | Google Scholar 

https://assignbuster.com/editorial-petroleum-microbial-biotechnology-
challenges-and-prospects/

http://scholar.google.com/scholar_lookup?author=S.+Le+Borgne&author=E.+Quintero+&publication_year=2003&title=Biotechnological+processes+for+the+refining+of+petroleum&journal=Fuel+Process.+Technol.&volume=81&pages=155-169
https://doi.org/10.1016/S0378-3820(03)00007-9
http://scholar.google.com/scholar_lookup?author=J.+J.+Kilbane+&publication_year=2006&title=Microbial+biocatalyst+developments+to+upgrade+fossil+fuels&journal=Curr.+Opin.+Biotech.&volume=17&pages=305-314
https://doi.org/10.1016/j.copbio.2006.04.005
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=16678400
http://scholar.google.com/scholar_lookup?author=M.+N.+Joshi&author=S.+V.+Dhebar&author=S.+V.+Dhebar&author=P.+Bhargava&author=A.+S.+Pandit&author=R.+P.+Patel+&publication_year=2014&title=Metagenomic+approach+for+understanding+microbial+population+from+petroleum+muck&journal=Genome+Announc.&volume=2&pages=e00533-14
https://doi.org/10.1128/genomeA.00533-14
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=24874664
http://scholar.google.com/scholar_lookup?author=I.+M.+Head&author=N.+D.+Gray+&publication_year=2016&title=Microbial+biotechnology+2020%3B+microbiology+of+fossil+fuel+resources&journal=Microb.+Biotechnol.&volume=9&pages=626-634
https://doi.org/10.1111/1751-7915.12396
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=27506422
http://scholar.google.com/scholar_lookup?author=H.+L.+Ehrlich&author=D.+K.+Newman&author=A.+Kappler+&publication_year=2016&title=Ehrlich's+Geomicrobiology,+6th+Edn


 Editorial: petroleum microbial biotechno... – Paper Example  Page 11

Mbadinga, S. M., Li, K.-P., Zhou, L., Wang, L.-Y., Yang, S.-Z., Liu, J.-F., et al. 

(2012). Analysis of alkane-dependent methanogenic community derived 

from production water of a high temperature petroleum reservoir. Appl. 

Microbiol. Biotechnol. 96, 531–542. doi: 10. 1007/s00253-011-3828-8 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Mbadinga, S. M., Wang, L.-Y., Zhou, L., Liu, J.-F., Gu, J.-D., and Mu, B.-Z. 

(2011). Microbial communities involved in anaerobic degradation of alkanes. 

Int. Biodeterior. Biodegradation 65, 1–13. doi: 10. 1016/j. ibiod. 2010. 11. 

009 

CrossRef Full Text | Google Scholar 

McGenity, T. J., Folwell, B. D., McKew, B. A., and Sanni, G. O. (2012). Marine 

crude-oil biodegradation: a central role for interspecies interactions. Aquat. 

Biosyst. 8, 10–28. doi: 10. 1186/2046-9063-8-10 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Mikesková, H., Novotny, C., and Svobodova, K. (2012). Interspecific 

interactions in mixed microbial cultures in a biodegradation perspective. 

Appl. Microbiol. Biotechnol. 95, 861–870. doi: 10. 1007/s00253-012-4234-6 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Morales, M., Ayala, M., Vazquez-Duhalt, R., and Le Borgne, S. (2010). “ 

Application of microorganisms to the processing and upgrading of crude oil 

https://assignbuster.com/editorial-petroleum-microbial-biotechnology-
challenges-and-prospects/

http://scholar.google.com/scholar_lookup?author=H.+Mikeskov%C3%A1&author=C.+Novotny&author=K.+Svobodova+&publication_year=2012&title=Interspecific+interactions+in+mixed+microbial+cultures+in+a+biodegradation+perspective&journal=Appl.+Microbiol.+Biotechnol.&volume=95&pages=861-870
https://doi.org/10.1007/s00253-012-4234-6
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=22733114
http://scholar.google.com/scholar_lookup?author=T.+J.+McGenity&author=B.+D.+Folwell&author=B.+A.+McKew&author=G.+O.+Sanni+&publication_year=2012&title=Marine+crude-oil+biodegradation%3A+a+central+role+for+interspecies+interactions&journal=Aquat.+Biosyst.&volume=8&pages=10-28
https://doi.org/10.1186/2046-9063-8-10
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=22591596
http://scholar.google.com/scholar_lookup?author=S.+M.+Mbadinga&author=L.+-Y.+Wang&author=L.+Zhou&author=J.+-F.+Liu&author=J.+-D.+Gu&author=B.+-Z.+Mu+&publication_year=2011&title=Microbial+communities+involved+in+anaerobic+degradation+of+alkanes&journal=Int.+Biodeterior.+Biodegradation&volume=65&pages=1-13
https://doi.org/10.1016/j.ibiod.2010.11.009
http://scholar.google.com/scholar_lookup?author=S.+M.+Mbadinga&author=K.+-P.+Li&author=L.+Zhou&author=L.+-Y.+Wang&author=S.+-Z.+Yang&author=J.+-F.+Liu+&publication_year=2012&title=Analysis+of+alkane-dependent+methanogenic+community+derived+from+production+water+of+a+high+temperature+petroleum+reservoir&journal=Appl.+Microbiol.+Biotechnol.&volume=96&pages=531-542
https://doi.org/10.1007/s00253-011-3828-8
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=22249716


 Editorial: petroleum microbial biotechno... – Paper Example  Page 12

and fractions,” in Handbook of Lipid and Hydrocarbon Microbiology , ed K. N. 

Timmis (Berlin; Heidelberg: Springer-Verlang), 2768–2785. 

Google Scholar 

Ramirez-Corredores, M. M., and Borole, A. P. (2006). “ Conventional refining 

processes,” in Biocatalysis in Oil Refining , Vol. 164 (New York, NY: Elsevier), 

9–64. 

Sahu, R., Song, B. J., Im, J. S., Jeon, Y.-P., and Lee, C. W. (2015). A review of 

recent advances in catalytic hydrocracking of heavy residues. J. Ind. Eng. 

Chem. 27, 12–24. doi: 10. 1016/j. jiec. 2015. 01. 011 

CrossRef Full Text | Google Scholar 

Speight, J. G. (ed.). (2013). “ Refining heavy oil and extra-heavy oil,” in 

Heavy and Extra-Heavy Oil Upgrading Technologies , Vol 164, eds B. Delmon,

J. T. Yates and G. Centi (New York, NY: Elsevier), 1–14. 

Google Scholar 

Tan, B., Fowler, S. J., Abu Laban, N., Dong, X., Sensen, C. W., Foght, J., et al. 

(2015). Comparative analysis of metagenomes from three methanogenic 

hydrocarbon-degrading enrichment cultures with 41 environmental samples. 

ISME J. 9, 2028–2045. doi: 10. 1038/ismej. 2015. 22 

PubMed Abstract | CrossRef Full Text | Google Scholar 

https://assignbuster.com/editorial-petroleum-microbial-biotechnology-
challenges-and-prospects/

http://scholar.google.com/scholar_lookup?author=B.+Tan&author=S.+J.+Fowler&author=N.+Abu+Laban&author=X.+Dong&author=C.+W.+Sensen&author=J.+Foght+&publication_year=2015&title=Comparative+analysis+of+metagenomes+from+three+methanogenic+hydrocarbon-degrading+enrichment+cultures+with+41+environmental+samples&journal=ISME+J.&volume=9&pages=2028-2045
https://doi.org/10.1038/ismej.2015.22
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=25734684
http://scholar.google.com/scholar_lookup?author=J.+G.+(ed.+).+Speight+&publication_year=2013&title=%E2%80%9C%20Refining+heavy+oil+and+extra-heavy+oil,%E2%80%9D&volume=Vol+164&pages=1-14
http://scholar.google.com/scholar_lookup?author=R.+Sahu&author=B.+J.+Song&author=J.+S.+Im&author=Y.+-P.+Jeon&author=C.+W.+Lee+&publication_year=2015&title=A+review+of+recent+advances+in+catalytic+hydrocracking+of+heavy+residues&journal=J.+Ind.+Eng.+Chem.&volume=27&pages=12-24
https://doi.org/10.1016/j.jiec.2015.01.011
http://scholar.google.com/scholar_lookup?author=M.+Morales&author=M.+Ayala&author=R.+Vazquez-Duhalt&author=S.+Le+Borgne+&publication_year=2010&title=%E2%80%9C%20Application+of+microorganisms+to+the+processing+and+upgrading+of+crude+oil+and+fractions,%E2%80%9D&pages=2768-2785


 Editorial: petroleum microbial biotechno... – Paper Example  Page 13

Van Hamme, J. D., Singh, A., and Ward, O. P. (2003). Recent advances in 

petroleum microbiology. Microbiol. Mol. Biol. R. 67, 503–549. doi: 10. 

1128/MMBR. 67. 4. 503-549. 2003 

PubMed Abstract | CrossRef Full Text | Google Scholar 

Vazquez-Duhalt, R., and Quintero-Ramierez, R. (2004). Petroleum 

Biotechnology: Developments and Perspectives . Amsterdam: Elsevier. 

Google Scholar 

Wang, L.-Y., Li, W., Mbadinga, S. M., Liu, J.-F., Gu, J.-D., and Mu, B.-Z. (2012). 

Methanogenic microbial community composition of oily sludge and its 

enrichment amended with alkanes incubated for over 500 days. 

Geomicrobiol. J. 29, 716–726. doi: 10. 1080/01490451. 2011. 619634 

CrossRef Full Text | Google Scholar 

Wang, L.-Y., Sun, X.-B., Liu, J.-F., Gu, J.-D., and Mu, B.-Z. (2014). Comparison 

of bacterial community in aqueous and oil phases of the water-flooded 

petroleum reservoir using pyrosequencing and clone library approaches. 

Appl. Microbiol. Biotechnol. 98, 4209–4221. doi: 10. 1007/s00253-013-5472-y

CrossRef Full Text | Google Scholar 

Zhou, J., Bian, X.-Y., Mbadinga, S. M., Yang, S.-Z., Yang, J.-F., Gu, J.-D., et al. 

(2016). Synthesis and characterization of anaerobic degradation biomarkers 

of n -alkanes via hydroxylation/carboxylation pathways. Eur. J. Mass 

Spectroscopy 22, 31–37. doi: 10. 1255/ejms. 1402 

https://assignbuster.com/editorial-petroleum-microbial-biotechnology-
challenges-and-prospects/

http://scholar.google.com/scholar_lookup?author=L.+-Y.+Wang&author=X.+-B.+Sun&author=J.+-F.+Liu&author=J.+-D.+Gu&author=B.+-Z.+Mu+&publication_year=2014&title=Comparison+of+bacterial+community+in+aqueous+and+oil+phases+of+the+water-flooded+petroleum+reservoir+using+pyrosequencing+and+clone+library+approaches&journal=Appl.+Microbiol.+Biotechnol.&volume=98&pages=4209-4221
https://doi.org/10.1007/s00253-013-5472-y
http://scholar.google.com/scholar_lookup?author=L.+-Y.+Wang&author=W.+Li&author=S.+M.+Mbadinga&author=J.+-F.+Liu&author=J.+-D.+Gu&author=B.+-Z.+Mu+&publication_year=2012&title=Methanogenic+microbial+community+composition+of+oily+sludge+and+its+enrichment+amended+with+alkanes+incubated+for+over+500+days.+Geomicrobiol&journal=J.&volume=29&pages=716-726
https://doi.org/10.1080/01490451.2011.619634
http://scholar.google.com/scholar_lookup?author=R.+Vazquez-Duhalt&author=R.+Quintero-Ramierez+&publication_year=2004&title=Petroleum+Biotechnology%3A+Developments+and+Perspectives
http://scholar.google.com/scholar_lookup?author=J.+D.+Van+Hamme&author=A.+Singh&author=O.+P.+Ward+&publication_year=2003&title=Recent+advances+in+petroleum+microbiology&journal=Microbiol.+Mol.+Biol.+R.&volume=67&pages=503-549
https://doi.org/10.1128/MMBR.67.4.503-549.2003
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=14665675


 Editorial: petroleum microbial biotechno... – Paper Example  Page 14

PubMed Abstract | CrossRef Full Text | Google Scholar 

Zhou, L., Li, K.-P., Mbadinga, S. M., Yang, S.-Z., Gu, J.-D., and Mu, B.-Z. 

(2012). Analysis of n -alkanes degrading community dynamics of a high-

temperature methanogenic consortium enriched from production water of a 

petroleum reservoir by a combination of molecular techniques. 

Ecotoxicology 21, 1680–1691. doi: 10. 1007/s10646-012-0949-5 

CrossRef Full Text | Google Scholar 

https://assignbuster.com/editorial-petroleum-microbial-biotechnology-
challenges-and-prospects/

http://scholar.google.com/scholar_lookup?author=L.+Zhou&author=K.+-P.+Li&author=S.+M.+Mbadinga&author=S.+-Z.+Yang&author=J.+-D.+Gu&author=B.+-Z.+Mu+&publication_year=2012&title=Analysis+of+n-alkanes+degrading+community+dynamics+of+a+high-temperature+methanogenic+consortium+enriched+from+production+water+of+a+petroleum+reservoir+by+a+combination+of+molecular+techniques&journal=Ecotoxicology&volume=21&pages=1680-1691
https://doi.org/10.1007/s10646-012-0949-5
http://scholar.google.com/scholar_lookup?author=J.+Zhou&author=X.+-Y.+Bian&author=S.+M.+Mbadinga&author=S.+-Z.+Yang&author=J.+-F.+Yang&author=J.+-D.+Gu+&publication_year=2016&title=Synthesis+and+characterization+of+anaerobic+degradation+biomarkers+of+n-alkanes+via+hydroxylation%2Fcarboxylation+pathways&journal=Eur.+J.+Mass+Spectroscopy&volume=22&pages=31-37
https://doi.org/10.1255/ejms.1402
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=26863073

	Editorial: petroleum microbial biotechnology: challenges and prospects
	Author Contributions
	Conflict of Interest Statement
	References


