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We have known that microplastics (MPs) in the ocean are carriers of microbial dominated assemblages and 
rapidly are colonized by microbes when released into ocean. However, the role of microbial interactions with 
microplastics in marine ecosystems has been investigated in detail recently. The presence of microplastics in 
the marine environment has been raising global attention. Microparticles transport biofilm communities that 
are distinct from the surrounding environment. Although plastic-colonizing microorganisms are important for 
the fate of MPs in different ecosystems but its influence on the fate of microplastics is largely unknown. In this 
review, we focused on the establishment of plastic-specific biofilms (plastisphere); enrichment of pathogenic 
bacteria coupled to a vector function of microplastics; and the microbial degradation of microplastics in the 
marine environment. In addition providing a better understanding of plastisphere and biofilm expansion in 
marine environment, and discuss plastic biodegradation. Also, identification of potentially pathogenic “hitch-
hikers” in the plastisphere considered.
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Introduction 
Many plastics are produced annually and are 

known as important products in our society. They 
are cheap and wasted and cause profuse environ-
mental problems (Geyer et al., 2017). Most of 
the produced plastics are not recycled, enter the 
oceans, and due to improper management have 
turned into a big environmental concern (Jam-
beck et al., 2015). Fungi, bacteria, algae, and 
protists can easily colonize the surface of the mi-
croplastics in the form of biofilms. The forming 
and developing of biofilms on the microplastic 
surfaces can change the morphology and phys-
icochemical features of the microplastics. The 
plastic garbage by the living organisms, that 
are accumulated over time, change to biofouled 
(Thiel. 2005; Bixler, 2012). The organisms that 
are colonized on the surface of plastics include 
various microbial communities but they also in-
clude organisms such as; barnacles, bryozoans, 
and multicellular algae (Carpenter, 1972; De 
Tender., 2017). The organisms that colonize the 
floating plastic garbage expand all around the 
oceans (Gregory et al., 2009).

The microbial biofilms develop on plastic sur-
faces smaller than 1 mm in size are originated as 
plastisphere (Hartmann et al., 2019; Zettler et al., 
2013). This term does not mean that these pol-
ymeric materials are actively selected for spec-
ified microbial communities, because, this item 
has remained unproven. Microplastics are wide-
spread in the environment, especially the marine 
environment, due to hydrodynamic processes in-
cluding transportation and ocean currents, in the 
large oceans uch as the Pacific Ocean (Law et 
al.,2014; Eriksen et al.,2013), the Atlantic Ocean 
(Cozar et al., 2017), Indian Ocean (Reddy et al., 
2006), polar regions (Bergmann et al., 2016; 
Waller ., 2017), and the equator (do Sul et al., 
2009), and from coasts (Claessens et al., 2011; 
Martin., 2017) to open seas (Taylor et al., 2016; 
Van Cauwenberghe et al., 2013). It was estimat-
ed that more than 15 trillion microplastics were 
present in the global ocean in 2014, weighing 
more than 93 thousand metric tons (van Sebille et 
al., 2015).There are plenty of debris in the great 
pacific garbage patch that 94%  of it (Lebreton et 

al., 2018) are microplastics floating in the water.
Contamination of the oceans by the mi-

croplastics is a scientific concern that has result-
ed for excessive research in this area. The im-
pact of microplastics on the health of by marine 
species such as fish(Lusher et al., 2013),mussels 
(Browne et al., 2008; Wegner.,2012), zooplank-
tons(Cole et al., 2013), seabirds(Rodriguez et al., 
2012), sand hoppers(Ugolini et al., 2013) and 
worms (Browne et al., 2013) hasn’t been clari-
fied fully but there are some increasing evidence 
about the effect of microplastics in the marine 
environment that has risen environmental con-
cern regarding this issue(Brandts et al., 2018.( In 
order to solve the problem , due to the presence 
of the microplastics and improving plastic waste 
management ,some efforts must be put into ac-
tion. The present existing study is dealing with, 
offering a better understanding of the effects of 
microplastics on the marine ecosystems that are 
consisted of three parts: (1) the microplastics 
source and fate in the marine environments, (2) 
impacts of MPs on marine organisms, and (3) the 
bacteria and their impact on the degradation of 
microplastics in the existing environments.
1. Marine MPs’ Sources

Variety of sources has a part in the marine 
microplastic pollution that are as below: a) in-
land-based, b) sea-based and c) air-based sources 
(Auta et al., 2017; Andrady. 2011; Saal, 2008). 
One of the main pathways for the microplasties 
entrance to the oceans are the rivers. (Lebreton et 
al., 2017). Almost %80 of the microplastic par-
ticles in the lands enter the oceans through the 
rivers (Auta, 2017; Mani, 2015). Some examples 
of these are the plastic debris in the sewage and 
municipal drainage systems. In addition, the left 
rubbish by the offshore tourists is entered into the 
marine ecosystems directly. (Browne et al., 2011; 
Barnes, 2009). The source of microplastic pollu-
tion regarding to the sea ere fishing and shipping 
industries (Bell, 2017; Watson et al., 2013). This 
way of microplastics entering the sea, is known as 
the main and most important (Thompson, 2004). 
Loss and damage of the fishing and shipping 
equipments can easily introduce the microplas-
tic particles to the marine ecosystems (Al-Oufi et 
al., 2004; Thomas, 2006). On the other hand, the 
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garbage that is discarded illegally by the ships 
on offshore platforms are known as the main 
source of a sea-based microplastic pollution In 
addition, airborne MPs are also important sourc-
es (Cai et al., 2017). Microplastics are divided 
into two groups by size: the primary microplas-
ties that are particles having a size less than 5 
mm in diameters and can enter directly into the 
ocean through the sewage effluent (Browne et 
al., 2011). The secondary microplastics  that are 
large plastic particles and they are influenced by 
physical, biological and chemical processes and 
are broken down and degraded into smaller frag-
ments and then enter the marine environments 
(Arias-Villamizar et al., 2018; Veiga et al., 2016).  
In addition, fiber and textile manufacture (Cesa 
et al., 2017). Secondary microplastics involve 
the breakdown of large plastic due to biological, 
chemical and physical degradation, which are 
characteristic of microbial biodegradation, pho-
todegradation (solar ultraviolet radiation) and 
mechanical abrasion (wave action), respective-
ly. Plastic debris in the ocean are subject to me-
chanical damage and photodegradation well as 
oxidative degradation, which break down fragile 
plastics into microplastics (Feldman et al., 2002; 
Wagner, 2014). Besides, microplastics can fur-
ther degrade to Nano-scale plastic pieces. These 
microplastics and Nano plastics are more easily 
ingested and will have long-term adverse im-
pacts on the marine environment, making them 
become a public concern in the future (Wegner 
et al., 2012).
2. Marine microplastics’ Fate

In general, plastic debris in any water body 
will eventually pass into the ocean. Microplas-
tics, transported by water power and wind pow-
er, gradually migrate and diffuse deep through 
the ocean, eventually becoming as ubiquitous 
as they are today, ranging from the large ocean 
gyres (e.g., the Pacific Ocean (Law et al., 2014); 
the Atlantic Ocean (Cozar et al., 2017); Indian 
Ocean (Reddy et al., 2006) to the polar regions 
and equator, from densely populated areas to 
remote islands, and from beaches down to the 
abysses of the sea (Bergmann et al., 2016; Peek-
en et al., 2018; Claessens., 2011). Various shapes 
of plastic derbies are presents in these environ-

ments, with fibers are the most common form. 
Marine circulation, estuaries and other coastal 
areas are the ecosystems polluted by microplas-
tics (Peters et al., 2016). Approximately 70% of 
microplastics is left in sediments, 15% floats in 
coastal areas and the remaining parts float on the 
surface seawate, since Some of microplastics are 
less dense and float on the sea surface and retain 
debris for a long time (Cozar et al., 2014; eisser, 
2015). According to the surveys, there are only at 
least 7000 tonnes of plastic debris on the surface 
of the high seas, but at least 4.8 million tonnes of 
plastic debris enter the marine environment each 
year (Jambeck et al., 2015), which is inconsistent 
with data on surface plastics, suggesting that a 
significant number of plastics sinks to unknown 
depths. Microplastics have even been found on 
the seafloor at 2200–10,000 m depth, contain-
ing both high (Courtene-Jones et al., 2017) and 
low-density (relative to seawater) microplastics. 
This shows that the migration of microplastics is 
a active process, which may not only be carried 
to every part of these environments by physical 
effects such as crushing and deposition, but also 
through chemical processes such as oxidation or 
hydrolysis , and may also be carried to every part 
of the ocean through biological absorption, di-
gestion and excretion. Weathering processes, bi-
odegradation processes oxidative and hydrolytic 
degradation (Peng et al., 2018) and hetero-aggre-
gation and biofilm formation (Woodall, 2014) 
could significantly affect the fate of microplas-
tic pieces in the oceanic environment. Biologi-
cal contaminations and deposition of plastics 
could control migration in marine environments 
(Zhang et al., 2017). Sedimentation and vari-
ous physical factors such as light, salinity, water 
density, temperature, and viscosity simulate the 
effects of biological pollution and migration of 
microplastics. (Kooi et al., 2017). Many studies 
have also well focused on the particle size, shape, 
type, color and mesh size of microplastics. This 
information are helpful for further evaluating the 
plastic production plans and reduce the chemical 
production of plastics. (Tata et al., 2020).
3. Impacts on Marine Organisms of MPs
A plenty of literature has recently disscused the 
accumulation of microplastics in marine micro-
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organisms through direct contact or food chain 
exposure to MPs. So these microorganisms use 
them as a feeding source, in this way MPs have 
negative effects on their development, metabo-
lism, reproduction and cellular response, and so 
on (Mao et al., 2018). Plastics have toxic effects 
on marine ecosystem; depending on the types and 
sizes of microplastics they have different toxic 
effects on marine species, which are ultimately 
reflected in the physiological response of organ-
isms and the damage they are supposed to [118 
134] (Table 1). In addition, different microplas-
tics also adsorb different pollutants, which con-
tribute to further damage of living marine organ-
isms (Wardrop et al., 2016; Teuten et al., 2009& 
Lusher, 2014).
4. Bacteria for Degradation of Marine 
Microplastics
4.1. Colonization of Microplastics by Bacteria

A wide range of studies reveal the differences 
between the bacteria living on organic particles 
with sea water (Oberbeckmann et al., 2018), on 
microplastics, and in a free state (Debroas et al., 
2017). Bacterial cells located on the surfaces of 
microplastic are different from those in surround-
ing environments (Oberbeckmann et al., 2018). 
Enzymatic activities for degrading plastic would 
be interesting for the bioremediation process. 
Some bacterial phyla including Bacteroidetes, 
Proteobacteria, Cyanobacteria, and Firmicutes 
appear to colonize microplastics, indicating that 
these bacteria consider microplastics as an eco-
logical niche for colonization. Taxa belonging 
to Bacteroidetes and Proteobacteria seem to be 
common by the core bacteria of the seafloor and 
subsurface plastisphere, and some photoauto-
trophic bacteria dominated the sub-surface envi-
ronments (Dussud, 2018; Zettler et al., 2013).
4.2. Plastisphere as a New Niche for Marine 
Environment

Large-scale DNA sequencing technology gives 
a detailed image of the microbial populations of 
microplastics. Debris is usually described by the 
term plastisphere in marine biology research; 
they serve as various habitats for microbial col-
onies in aquatic environments besides accumu-
lating organic pollutants (Oberbeckmann, 2014). 

The composition of plastisphere are complex and 
comprehensive. Different seasons, surrounding 
environment, polymer type, surface feature, and 
size of microplastics affect the variety of the col-
onizing bacteria (Reisser et al., 2014). Different 
studies show differences in microbial communi-
ties on microplastics from two different oceans, 
and the variety of bacteria living in water col-
umns and those bacteria attached to microplas-
tic debris (Amaral-Zettler et al., 2015). These 
studies show that heterotrophic bacteria survive 
longer than in aquatic environments, could rapid-
ly colonize plastic surfaces (Webb et al., 2009).
Microplastic degradation

Marine microorganisms have been noticed as 
a possible solution to the plastic pollution prob-
lem in aquatic environments. A caution to under-
standing published research on the degradation 
of conventional polymers is that most studies to 
date have used pretreated polyethylene (which 
contains additives or has been exposed to UV 
light or other forms of thermal treatment) (Balas-
ubramanian et al., 2010; Syranidou et al., 2017) 
prior to measuring degradation, so it is difficult 
to know whether the microbial activity to high- 
molecular weight polymers or smaller products 
generated by abiotic factors.  As we have already 
mentioned, leaching of small molecules (low 
molecular- weight DOM) from plastics that have 
been incubated in seawater may stimulate micro-
bial settlement and contribute to microbial me-
tabolism. Microorganisms oxidize polymers in-
tracellular, so the molecular weight (Mw) of the 
polymer must be low enough (<500 Mw) (Yoon 
et al., 2012) to pass through cell membranes. To 
this end, plastics that are hydrolysable (that is, 
with backbones consisting of components other 
than just C–C or C–H; for example, PET, pol-
yurethane (PUR) and polycarbonate) are more 
likely to be substrates for microbial degradation 
in the environment than are the non- hydrolysa-
ble polymers most commonly encountered in the 
pelagic marine environment (polyethylene, poly-
propylene and expanded polystyrene) (Krueger 
et al., 2015). A class of enzymes that may be ef-
fective at degrading recalcitrant polymers such 
as polyethylene are those that degrade alkanes 



Biotechnological Journal of Environmental Microorganisms(BJEM) 1(2) 2022 107-116

112

Fig1: Degradation of plastic materials. A: Microplastics degradation is usually due to physical, biological and chemical 
interactions. Our information about the biological processes is one of the strains and consortia that is reared in the labora-
tories and many of those strains are found in terrestrial environments. Thus, the schematic shown is a hypothetical model 
of the processes that cause the microplastics degradation in the marine ecosystems. The Floating plastic debris exposed 
to the sunlight are subjected to thermal degradation. The UV (ultravidet) light causes the breaking of the bands (band 
scission) and transforms them to monomers. One the other hand the radiation of the infrared results in thermal oxidation 
of the polymer chains. B: The way of biological degradation includes mechanical actions of the organisms that grow the 
cracks of the polymer and are enzymatic processes that can hydrolyze the polymer into oligomers and ultimately to mon-
omers. Polyethylene, polypropylene, and expanded polystyrene contain very stable structure and are difficult to degrade, 
whereas polyethylene terephthalate (PET), polyurethane (PUR) and polycarbonate are more susceptible to hydrolysis and 
enzymes that catalyze these reactions (Krueger et al., 2015; Nakamiya et al., 1997& Akutsu et al., 1998): enzymes that 
can hydrolyze polypropylene and polycarbonate have not yet been reported.
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such as hexadecane (Yoon et al., 2012). A mes-
ophilic marine beach soil- derived Pseudomonas 
strain incubated with low- molecular-weight 
polyethylene (LMWPE) as a sole carbon source 
is often cited as the best example of the poten-
tial for biodegradation of polyethylene (Yoon et 
al., 2012). Although this and other studies hint 
at possibilities for microbial solutions to plastic 
pollution, LMWPE does not occur commonly in 
the marine environment, and conditions in the 
ocean result in very slow rates of degradation. 
Plastics that are hydrolysable (for example, poly-
amides, PET or PUR) may also be susceptible to 
preexisting degradation pathways present in mi-
croorganisms (such as extracellular hydrolases 
that are involved in the degradation of cellulose 
and proteins), but the environmental conditions 
often limit complete biodegradation. The discov-
ery of PETase, an enzyme that hydrolyses plastic 
polymers such as PET, in the bacterium Ideonella 
sakaiensis (Yoshida., 2016), and the subsequent 
recovery of related enzymes from marine and ter-
restrial metagenomes in public databases(Danso 
et al., 2018), indicates that a PET- degrading ca-
pacity may be ubiquitous in those environments. 
However, incomplete microbial hydrolysis of 
plastic polymers or extreme oxidation through 
microbial biotransformation can lead to the gen-
eration of Nanoplastics. Although understudied, 
Nanoplastics may have the ability to be ingested 
by humans via the food chain. Once ingested by 
humans, microplastics of less than 150 μm have 
been shown to translocate across the gut epitheli-
um into the lymphatic system, causing systemic 
exposure and eventually affecting human health 
(Hussain et al., 2011). However, it is important 
to note that the effect of nanoplastics on human 
health is underexplored.
Summary

Our planet is subject to human deeds, since 
then, studying these actions and activities has be-
come important. Plastic substance are greatly no-
table for human beings and provide them many 
benefits, and have simplified life more than ever. 
Planet Earth has provided expanded habitats for 
the microbial communities (societies) (about 
1030 microbial habitants) that can be a path to 

bio transform and degrade the plastic substanc-
es (Flemming et al., 2019). Oceans are dynamic 
systems but limited regarding the nutrients and 
biota and are continuously interacting with mi-
croplastics in all scales and do not have a stable 
condition, thus we cannot, consider the oceans as 
a continuous bioreactor with a constant tempera-
ture for degradation of the microplastics. Future 
studies are to comprehend the plastisphere role 
in the chemical biotransformation and physical 
modifications of the plastic garbage, the chang-
ing of size, density and oxidation of the poly-
mers, are important issues to consider. There is 
no doubt that multiple approaches have an im-
portant role in decoding the changes done by 
microbial communities. In addition, can provide 
answers to many questions. Furthermore, future 
studies will be required in order to answer the 
many open questions in plastisphere research. 
For example, do the compounds that plastics emit 
in aquatic environments provide chemo- attract-
ant plumes? If so, how do these plumes influence 
the initial plastisphere composition? Microbial 
biotransformation’s of plastic debris may have a 
substantial role in the generation of micron- and 
sub- micron-scale polymer particles (McCor-
mick., 2014).These nanoplastics could have im-
plications for human health and food security, as 
they could be incorporated into tissues. Although 
this phenomenon is known to occur, it is still un-
clear to what extent nanoplastics pose a threat, 
if they do at all. It is clear that taking hundreds 
of millions of metric tons of hydrocarbons out 
of the Earth’s interior and producing refractory 
materials that are allowed to escape into aquifers 
and marine systems has set up an ‘experiment’ 
for which we are only beginning to interpret the 
results.
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