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Can biotechnology strategies effectively manage environmental (micro)plastics?
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Abstract

With the convenience of plastic products to daily life, the negative sides of the plastic-age have

gradually emerged. Like other pollutants, complex environmental factors result in the ubiquitous

presence of (micro)plastics worldwide, raising potential risks to the ecological systems. However,

due to the limitation of traditional technologies in treating these materials, new strategies should be

developed. More recently, researchers have showed that biotechnology strategies could be

promising approaches to effectively manage and control (micro)plastics in the environment, because

some microorganisms have been confirmed to be successfully capable ofge Qg (micro)plastics.
Nevertheless, the biotechnology is still in its infancy, and most re carried out under
laboratory conditions. The biodegradation process is aff; by many factors: microorganism

species, carbon sources, material types and sizes. Pr@ Yy, (micro)plastics are highly stable

in the environment, which are difficult b as carbon sources for microorganisms.
Biodegradation of (micro)plastics re@ riate conditions, which are not always feasible in
field conditions. As such, althugh igotechnology strategies might be a promising approach to

remove environme stics, we believe it is not now at least.
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1. Concerns of (micro)plastics

Plastics are inevitable reality in modern society due to their low manufacturing costs and

resistance ability (Sharma and Chatterjee, 2017). It is reported that the global annual production of

plastics has reached 348 million tons in 2017 and will continue to increase (PlasticsEurope., 2018).

Massive production and widespread applications of plastics increase their chances of entering the

environment. The ideal properties endow them with high flexibility, stability and resistance to

degradation, resulting in continuous accumulation in the global environment (Barnes et al., 2009).

Large plastic wastes can be decomposed into small fragments yndgr iolet irradiation,

weathering and erosion. When the particle size decreases to les mm, they are called

microplastics (Thompson et al., 2004). Many studies hav; orted the ubiquitous occurrence of

microplastics in the environment (Dobaradaran et a : ert et al., 2017; Fang et al., 2018;

Li et al., 2018; Slootmaekers et al., 2019; SyLet ; Teng et al., 2019; Wen et al., 2018). The
widespread presence of plastic waste, lastics not only causes direct landscape problems,
but also poses potential envirgnmergal risks to living organisms, even humans (Diepens and
Koelmans, 2018; F‘ et(’lz; Miranda and Carvalho-Souza, 2016; Shen et al., 2019b). A
research conducted by &en et al. (2017) reported that polystyrene microplastic particles can reduce
the growth rate and the larval migration behavior of zebrafish (Danio rerio). Kettner et al. (2017)
showed that the presence of microplastics (polyethylene (PE) and polystyrene (PS)) in different
environments had a certain influence on the composition and diversity of aquatic fungi community.
In addition, microplastics can be transferred from lower trophic levels to higher-grade predators

along the food chain (Setdé&et al., 2014; Shen et al., 2019a).

The plastic pollution and potential risks of microplastics have attracted considerable concerns.
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Therefore, remediation strategies are needed to manage (micro)plastics in the environment. Source
control and clean up from the environment are two important strategies. At present, some countries
and organizations, such as America, England, Canada and the United Nations, have already
established national laws and regulations in order to reduce the release of (micro)plastics (Hu et al.,
2019). These legislative methods aimed at raising the public awareness of the potential risks of
(micro)plastics. Another strategy is to develop reliable technologies for direct removal of
microplastics from the environment. Now, the removal of (micro)plastics in the environment is just
from one phase to another, such as removing microplastics in wastevigte tment plants and
drinking water treatment plants. So what and how can we do? Bi y strategy may be a
promising approach to meet the demand. Under the action icrobes (plastic-degrading enzymes),
the long chain of polymers can be gradually brok@ form short chain and fatty acids,
eventually CO; and H2O (Yoshida et al., 2018). ology strategy is environmentally friendly

@ onal treatment methods. Very recently, a review on

the management of plastics doa@that biotechnology-based tools will be pivotal approaches for

and can be alone or combined with o

the biodegradation ir@l plastics, leading from waste to wealth (Pa et al., 2018).

Although biodegrayation of (micro)plastics is still in its infancy and most studies are performed
under the lab conditions, the biodegradability of (micro)plastics is of great significance for the
development in plastic industry and society. Biotechnology strategy requires further research and
development at present and in the near future so as to make it reproducible and suitable for real
environmental applications. As such, clearly, biotechnology strategies may be one of the most
promising methods to control plastic pollution.

2. Biodegradation of microplastics



73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

Global plastic waste has become one of the most serious solid waste pollution problems at

present. How to deal with plastic waste has become an important issue. A number of studies have

demonstrated that microorganisms have the ability to degrade microplastics, principally because

they can produce plastic-degrading bioenzymes, such as laccase from Staphylococcus epidermis

(Chatterjee et al., 2010), and PETase from Ideonella sakaiensis (Yoshida et al., 2016). Currently,

dozens of strains, mainly fungi (mold), have been screened to degrade polyoleins and polyester

plastics. Known microorganisms for microplastic biodegradation mainly include the bacterial

species Enterobacter asburiae, Bacillus sp. (Jun et al., 2014; Yu et al., 2085 iguobacterium sp.
(Yuetal., 2015b), Ideonella sakaiensis (Yoshida et al., 2016), Rhod odochrous, Nocardia
asteroids (Bonhomme et al., 2003), Streptomyces badius, amonas acidovorans, Rhodococcus

ruber, and Clostridium thermocellum (Pag et aI@, d fungal species Phanerochaete

chrysosporium, Engyodontium album (Jeyaku l., 2013), Cladosporium cladosporoides

(Bonhomme et al., 2003), Pycnopo inusand and Mucor rouxii (Pathak and Navneet,
2017). These species have bee@e and isolated from field-collected soil, landfill, dumping
sites, etc. Microordwggm tilize microplastics as an energy source and carbon source to
decompose microplastls, thereby increasing the mineralization of microplastics and biomass
(Weber et al., 2018). Taking the biodegradation of polyethylene terephthalate (PET) by Ideonella
sakaiensis as an example, as described in Fig.1, the biodegradation can be divided into four
processes: 1) biosorption and erosion of plastic matrices; 2) the long chain being decomposed into
short chain through biological oxidation or enzymatic hydrolysis; 3) the short chain being broken

down to form fatty acids; and 4) microorganisms feeding on fatty acids and finally, and these

products being transformed into CO; (or CH4) and H20 (Yoshida et al., 2016). Due to high molecular
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weight, strong hydrophobicity, low surface energy and other factors, the biodegradation process of

PET is complex, and the degradation rate is low (approximately 6 weeks). Despite this, this may

imply that it is realistic to improve the performance of enzymes to strengthen the biodegradability

of microplastics. Biodegradation technology can be used alone or as a complement to the already

existing traditional schemes for plastic waste treatment, thereby enhancing the management of

plastic wastes. As such, many scientists and researchers believe that biodegradation may be a

feasible alternative for bioremediation strategies to solve the increasingly serious plastic waste

problem in the future, as described by Yoshida et al. (2016) and Pa et

3. Factors of microplastic biodegradation by microorganisms

Evidence from biodegradation studies of microplastic ws that microorganisms can lead to

the degradation of microplastics, which is of great C to combat microplastic pollution.

However, unfortunately, there are s

strates the different factors that directly affect the

till &Ilenges to eliminate microplastics by
microorganisms in practical applicat@QA

biodegradation of microplasticqg Mickgbial species, initial biomass, hydrophobicity of plastic, and
plastic particle sizeﬁe@iodegradation process (Fig. 2A). For instance, the basidiomycete
Zalerion maritimum h& shown high removal efficiencies of PE microplastics; however, other
basidiomycetes, such as Nia vibrissa shows lower biodegradation efficiencies under the same
conditions (Paq et al., 2018). Another example is a research done by Hadad et al. (2005), which
described the degradation of PE by Brevibacillus borstelensis in detail. The authors reported that
approximately 11% weight loss of PE films was observed in a month, however, the PE films with
low density have previously been exposed to ultraviolet radiation. Additionally, microplastics are

unsavory carbon source for microorganisms (Fig. 2C). For PE, polypropylene (PP), polyvinyl
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chloride (PVC), these synthetic materials possess a main chain composed of C-C bonds and have
no other active functional groups. The carbons from these polymers are highly stable. Above
mentioned tests were performed under laboratory conditions. There is a quite big difference between
laboratory conditions and those of field environment. More fantastic carbon sources for
microorganisms are existed under real environmental conditions. Microorganisms prefer various
available carbon sources to microplastics (Fig. 2C). As a matter of fact, microplastics are difficult
to be biodegraded under field conditions. For instance, a research reported that the weights of LDPE,
HDPE, PP and polycarbonate submerged in the ocean waters got 10ss i rgagmgately 1.9%, 1.6%,
0.69% and 0.65%, respectively, within a 12 month period (Artha 09). The increase of
biomass and mineralization of organic compounds are key for biodegradation of microplastics

by microorganisms (Weber et al., 2018). The main ¢ oplastics breaks and the molecular

weight gradually deceases, thereby final & a utilized monomer via enzymolysis,

hydrolysis or synergistic effect by@ isms (Fig. 2B). Consequently, considering the

different microorganisms, char@cs and types of microplastics and available nutrients, it is
necessary to impro iCRRialghopulations and increase contacts with each other. For example,
Syranidou et al. (2017)\eported that the biodegradation degree of PS was improved from 0.19% —
2.3% within a period of 6 months via successive inoculations of the indigenous marine community.
But, such degradation efficiency is still considerably low. Tribedi and Alok (2013) showed that the
degradation of microplastics can also be enhanced by promoting the interaction between polymers
and microplastic-degrading microbes. The authors reported that the presence of mineral oil
promoted the hydrophobicity and strengthened adhesion of polymer surface, thereby improving the

biodegradation efficiency of PE. Evidence has been demonstrated that the formation of biofilms
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plays a vital role on the biodegradation of microplastics, in part, reasonably, the use of biotechnology
strategies enhanced biofilm formation could ameliorate biodegradation status of microplastics
(Pathak and Navneet, 2017). In addition, the development and reproduction of microorganisms are
related to their specific natural environment (Fig. 2). Microorganisms screened to degrade
microplastics may be not necessarily dominant species in real environment. Enhancement of the
adaptability of microorganisms to the specific environment is conducive to their survival and
speeding up the utilization and degradation of microplastics.
4. Ways forward

(Micro)plastics are everywhere. The ubiquitous presence 0NN stics needs removal
strategies after they are released into the environment to its potential toxic effects and
bioaccumulation on many organisms, even humans. @ ir disposal has become a matter of
great concern, especially in view of the grovdng e that they are harmful to the environment.
Although microplastics are difficult Qd, from the aforementioned descriptions, they are

still degradable. Although thegiod a;ation efficiency of microplastics is low, the degrading

ability of microorga@d s@urther enhanced. Microorganisms and surrounding conditions are
most crucial during bio§egradation. Therefore, screening suitable microorganisms and adapting to
environmental conditions are the challenges for biodegradable plastics in the current and the future.
Efficient strains with high performance of degrading plastics may be screened by high strength and
mixed cultures. In addition, bioengineering can also be used to enhance the biodegradable ability
though cultivation of new microorganisms or enzymes. The in-situ biodegradation for
(micro)plastics may be achieved adding microbes or extracellular enzymes or utilizing natural

microbial communities through related bioengineering. Therefore, biotechnology strategies are
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expected to become an effective way to control microplastic pollution in view of many constraints,

such as poor utilization of microplastics as carbon source, limited number of known degradation

microorganisms, etc. Recent advances in biotechnology strategies have demonstrated great potential

possibilities not only in designing new approaches to effectively degrade conventional plastics, but

also of the synthesis of existing polymers, as well as new biodegradable materials. The one way is

to understand potential biochemical degradation mechanisms, which may help to design plastics

that are easily decomposed when exposed to specific environmental conditions, such as high

temperature, humidity and salinity. A thorough understanding of th r2gaon mechanism of

plastics may lead to the development of new materials that can EWY onverted into useful

materials. Another way is to convert non-biodegradable plgags into raw materials for sustainable

supply chains. A variety of pure organic acids can @ in waste plastics after a series of
biochemical treatments. These degradation &be used as raw materials for the production
of new degradable plastics. Conseq% wastes, to some extent, may become a valuable
resource. It is necessary to adq@gpt mgre sustainable biotechnology strategies to solve the most
promising environrﬁl egds of our time. However, the challenges of biotechnology strategies
to manage (micro)plasi¥gs still exist: potential risks and investment cost. There is potential risk on
biotechnology strategies for the rapid removal of (micro)plastics. The plastic-eating bugs made
through biotechnology strategies might change the community structure of the area and might also
destroy the useful items containing plastics, which subsequently cause inevitable great loss.
Additionally, specific selected microorganisms (enzymes) and limited biodegradation conditions

invisibly increase the investment and operating costs in biotechnology strategy to manage

(micro)plastics. Thus, biotechnology strategies are still needed to be furtherly studied to make it
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reproducible, inexpensive and suitable for large-scale applications. A circular plastic economy is
required in the current and the future, and biotechnology strategies are interesting and will help us

move towards a more sustainable and closed-loop development of plastics economy.
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