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Editorial on the Research Topic
Microbial Degradation of Plastics

The accumulation of mismanaged plastic waste in natural environments poses a serious threat to
our oceans, wildlife, and human health. As the global demand on plastics is growing continuously,
the trend of plastic emission into open environments is unlikely to reduce until 2030 unless key
policies, consumption behaviors and waste management measures regarding plastic products will
be radically transformed immediately (Borrelle et al., 2020).

While abiotic environmental degradation contributes considerably to the fragmentation of
large plastic debris resulting in micro- and nanoplastic pollution (Min et al., 2020), the role of
microorganisms in the plastic degradation under natural conditions is still poorly understood. In
recent years, various microbes have been reported capable of depolymerizing synthetic polymers
at laboratory conditions (Wierckx et al., 2018). Nonetheless, the microbial degradation extents
and rates of conventional petroleum-based plastics such as polyethylene (PE) and polystyrene (PS)
can differ remarkably to those of biodegradable polyesters such polylactic acids (PLA). Microbial
biotechnology has been repeatedly proposed as an option of sustainable disposal approach of
plastic waste although the reality and promise of biotechnological recycling methods is not yet
unambiguously clarified among scientific communities, plastic end-users and policy makers (Wei
et al., 2020).

As a response to this research field of rapidly increasing interest, we proposed this Research
Topic and could finally collect 11 high-quality contributions based on both original research and
literature survey by scientists from all over the world.

Ru et al. provided a comprehensive review on the microorganisms and enzymes able to degrade
mass-produced recalcitrant petrochemical plastics reported since the 1970s. While PE and PS have
been shown to be degraded by several microorganisms, albeit very slowly, the key depolymerases
involved in the breakdown of carbon-carbon backbones remain still unknown. For a better
understanding of the enzymatic degradation of vinyl polymers, Xu et al. carried out quantum
mechanism calculations to model the cleavage of the carbon-carbon bond at the Cg position under
both acidic and alkaline conditions.

Microbial communities are a valuable source of enzymes with degrading activities on synthetic
polymers. Pinnell and Turner reported the shotgun metagenomic sequencing of biofilms fouling
polyethylene terephthalate (PET), polyhydroxyalkanoate (PHA) and ceramic placed at the
sediment-water interface of a coastal lagoon. While PET plastic biofilms were indistinguishable
compared to the ceramic biofilm control, PHA bioplastic biofilms were distinct as indicated by
the dominant presence of sulfate-reducing microorganisms (SRM) and a significant enrichment
of phylogenetically diverse polyhydroxybutyrate (PHB) depolymerases. Their findings indicate
that the plastisphere SRM play an important role in PHA biodegradation. Gaytan et al. studied
the polyurethane (PUR) degrading activity of a landfill microbial mixed culture which can grow
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on aqueous PUR dispersion as a sole carbon
Physiochemical analyses suggested the cleavage of various
functional groups in the polymers. Along with the metagenomic
analysis, tentative microbial PUR degradation pathways were
proposed. Weinberger et al. cultivated a fungal library with
aliphatic and aromatic polyesters, leading to the identification of
new strains that produce polyester hydrolyzing enzymes. This
method will enable exploring the available fungal diversity and
thus broadening the spectrum of candidate enzymes for plastic
recycling. The increasing commercial demand on bio-based and
biodegradable plastics such as PLA requires also environment-
friendly disposal methods using microorganisms (Butbunchu
and Pathom-Aree). By summarizing the findings about PLA
degradation by Actinobacteria since 1997, Pseudonocardiaceae
are identified as the most important family. Moreover, esterases
and proteases found in various Actinobacteria capable of
degrading PLA will hold the promise for future application in
the bioplastic waste management.

Many studies have focused on the enzymatic degradation
of PET during the last decade (Wei and Zimmermann,
2017). Bollinger et al. reported the high-resolution structural
elucidation and functional characterization of a novel PET
hydrolyzing enzyme (PE-H) identified in the genome of the
marine bacterium Pseudomonas aestusnigri. PE-H was shown
to degrade amorphous PET at 30°C. By structural modeling
and mutagenesis study, a Y250S variant was constructed to
exhibit increased PET hydrolytic activity as a result of the
rearrangement of the active site conformation, thereby providing
new knowledge on the structural features required for efficient
polyester degradation. Based on previous reports regarding
the PET polymer chain mobility associated with enzymatic
degradation (Wei et al., 2019a,b), Falkenstein et al. could evaluate
the feasibility of UV radiation as a potential pretreatment method
to stimulate the subsequent biocatalytic depolymerization of
PET. Although UV treatment has caused significant chain
scissions at the surface layer of amorphous PET films, the
resulting increased surface crystallinity drastically impaired the
efficiency of enzymatic degradation.

As engineered whole-cell catalysts have been recently
considered with great potential for plastic degradation (Yan
et al., 2020), the microbial metabolism of plastic monomers
and additives will become a research focus both in the
contexts of environmental degradation of plastic pollution and
of biotechnological plastic upcycling, i.e., utilization of plastic

source.
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the recent advances in this very active research field. We sincerely
hope that more scientists will be inspired and encouraged
by our Research Topic to make their own contributions
to tackle the global challenge caused by plastic pollution.

AUTHOR CONTRIBUTIONS

All authors contributed to writing and approval of this editorial.

ACKNOWLEDGMENTS

The authors acknowledge the financial support provided by the
MIX-UP project which has received funding from the European
Union’s Horizon 2020 research and innovation programme
under Grant Agreement No. 870294. NW further acknowledges
funding from the Bio Based Industries Joint Undertaking under
the European Union’s Horizon 2020 research and innovation
programme under Grant Agreement No. 887711 for the
project Glaukos.

basis of ethylene glycol metabolism by Pseudomonas putida KT2440. Environ.
Microbiol. 21, 3669-3682. doi: 10.1111/1462-2920.14703

Min, K., Cuiffi, J. D., and Mathers, R. T. (2020). Ranking environmental
degradation trends of plastic marine debris based on physical properties and
molecular structure. Nat. Commun. 11:727. doi: 10.1038/s41467-020-14538-z

Salvador, M., Abdulmutalib, U., Gonzalez, J., Kim, J., Smith, A. A., Faulon, J.-L.,
et al. (2019). Microbial genes for a circular and sustainable bio-PET economy.
Genes 10:373. doi: 10.3390/genes10050373

Schwanemann, T., Otto, M., Wierckx, N., and Wynands, B. (2020).
Pseudomonas as versatile aromatics cell factory. Biotechnol. J. 15:1900569.
doi: 10.1002/biot.201900569

Frontiers in Microbiology | www.frontiersin.org

February 2021 | Volume 12 | Article 635621


https://doi.org/10.3389/fmicb.2020.00554
https://doi.org/10.3389/fmicb.2019.02834
https://doi.org/10.3389/fmicb.2020.00114
https://doi.org/10.3389/fmicb.2020.00689
https://doi.org/10.3389/fmicb.2020.00442
https://doi.org/10.3389/fmicb.2020.00317
https://doi.org/10.3389/fmicb.2020.00404
https://doi.org/10.3389/fmicb.2020.00382
https://doi.org/10.3389/fmicb.2020.00404
https://doi.org/10.3389/fmicb.2020.00382
https://doi.org/10.3389/fmicb.2020.00114
https://doi.org/10.3389/fmicb.2020.00442
https://doi.org/10.1126/science.aba3656
https://doi.org/10.1016/j.ymben.2018.06.003
https://doi.org/10.1111/1462-2920.14703
https://doi.org/10.1038/s41467-020-14538-z
https://doi.org/10.3390/genes10050373
https://doi.org/10.1002/biot.201900569
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org
https://www.frontiersin.org/journals/microbiology#articles

Wei and Wierckx

Editorial: Microbial Degradation of Plastics

Tiso, T., Narancic, T., Wei, R,, Pollet, E., Beagan, N., Schroder, K., et al.
(2020). Bio-upcycling of polyethylene terephthalate. bioRxiv [Preprint].
doi: 10.1101/2020.03.16.993592

Wei, R., Breite, D., Song, C., Grasing, D., Ploss, T., Hille, P., et al. (2019a).
Biocatalytic degradation efficiency of postconsumer polyethylene terephthalate
packaging determined by their polymer microstructures. Adv. Sci. 6:1900491.
doi: 10.1002/advs.201900491

Wei, R, Song, C., Grising, D., Schneider, T., Bielytskyi, P., Bottcher, D.,
et al. (2019b). Conformational fitting of a flexible oligomeric substrate
does not explain the enzymatic PET degradation. Nat. Commun. 10:5581.
doi: 10.1038/541467-019-13492-9

Wei, R, Tiso, T., Bertling, J., Oconnor, K., Blank, L. M., and Bornscheuer,
U. T. (2020). Possibilities and limitations of biotechnological plastic
degradation and recycling. Nat. Catal. 3, 867-871. doi: 10.1038/s41929-020-
00521-w

Wei, R., and Zimmermann, W. (2017). Biocatalysis as a green route for recycling
the recalcitrant plastic polyethylene terephthalate. Microb. Biotechnol. 10,
1302-1307. doi: 10.1111/1751-7915.12714

Wierckx, N., Narancic, T., Eberlein, C, Wei, R, Drzyzga, O., Magnin,
A., et al. (2018). “Plastic biodegradation: Challenges and opportunities,”
in Consequences of Microbial Interactions With Hydrocarbons, Oils, and
Lipids: Biodegradation and Bioremediation, ed R. Steffan (Cham: Springer
International Publishing), 1-29.

Wierckx, N., Prieto, M. A., Pomposiello, P., De Lorenzo, V., O’connor, K.,
and Blank, L. M. (2015). Plastic waste as a novel substrate for industrial
biotechnology. Microb. Biotechnol. 8, 900-903. doi: 10.1111/1751-7915.1
2312

Wilkes, R. A., and Aristilde, L. (2017). Degradation and metabolism of
synthetic plastics and associated products by Pseudomonas sp.: capabilities
and challenges. J. Appl. Microbiol. 123, 582-593. doi: 10.1111/jam.1
3472

Yan, F., Wei, R,, Cui, Q., Bornscheuer, U. T., and Liu, Y.-J. (2020). Thermophilic
whole-cell degradation of polyethylene terephthalate using engineered
Clostridium thermocellum. Microb. Biotechnol. doi: 10.1111/1751-7915.13580.
[Epub ahead of print].

Conflict of Interest: 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.

Copyright © 2021 Wei and Wierckx. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner(s) are credited and that the original publication
in this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Microbiology | www.frontiersin.org

February 2021 | Volume 12 | Article 635621


https://doi.org/10.1101/2020.03.16.993592
https://doi.org/10.1002/advs.201900491
https://doi.org/10.1038/s41467-019-13492-9
https://doi.org/10.1038/s41929-020-00521-w
https://doi.org/10.1111/1751-7915.12714
https://doi.org/10.1111/1751-7915.12312
https://doi.org/10.1111/jam.13472
https://doi.org/10.1111/1751-7915.13580
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org
https://www.frontiersin.org/journals/microbiology#articles

	Editorial: Microbial Degradation of Plastics
	Author Contributions
	Acknowledgments
	References


