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Degradation of petroleum-based plastics by microbes and
microbial consortia
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Abstract: Along with the increasingly serious environmental pollution, dealing with the “white pollution” issue, which is
caused by the worldwide use of not readily-degradable or non-degradable synthetic plastics, has become a great challenge. It is
an environmentally friendly strategy to degrade synthetic plastics using microorganisms that exist in nature or evolved under
selection pressure. Based on the NSFC-EU International Cooperation and Exchanges Project “Bio Innovation of a Circular
Economy for Plastics”, this review summarized the screening of bacteria, fungi and microbial consortia capable of degrading
synthetic plastics such as polyethylene (PE), polypropylene (PP), polystyrene (PS), polyvinyl chloride (PVC), polyurethane
(PUR), and polyethylene terephthalate (PET). We also analyzed the role of various microorganisms played in the degradation
of petroleum-based plastics. Moreover, we discussed the pros and cons of using microorganisms and enzymes for degradation

of synthetic plastics.
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Table 1 The bacteria capable of degrading petroleum-based plastics
Strain Substrate Biodegradation conditions

Ideonella sakaiensis PET films Reaction at 30 °C for 18 h?
201-F6

Biodegradability References
PET was degraded to MHET and [17]
further degraded to terephthalic acid
and ethylene glycol

Bacillus cereus, PET particles Incubate at 29 °C, The weight loss was 6.6% and 3.0%, [18]
Bacillus gottheilii 150 r/min for 40 d respectively
Thermobifida fusca PET films Reaction at 65 °C for 48 h® The weight loss was 12.9%+1.2% [24]
and 12.6%=0.2%, respectively
Escherichia coli PET Reaction at pH 8.0, 50 °C*® The degradation activity was [25]
12.0 mg/(h'mgenzyme)
Clostridium PET films Incubate at 60 °C for 14 d More than 60.0% of PET film was [27]
thermocellum converted into soluble monomer
Klebsiella pneumoniae  HDPE films  Incubate at 120 r/min 30 °C  The weight loss was 18.4% [29]
CHO001 for 60 d
Enterobacter sp. LDPE Incubate at 37 °C for 120d  The weight loss of LDPE strips was [30]
Bengaluru-btdsce01, 70.0%+4.0%, 68.0%+4.0%,
Enterobacter sp. 64.0%=4.0%; the weight loss of
Bengaluru-btdsce02, LDPE particles was 21.0%2.0%,
Pantoea sp. 28.0%+2.0%, 24.0%+2.0%,
bengaluru-btdsce03 respectively
Enterobacter cloacae LDPE films Incubate at 30 °C for45d  The weight loss was 9.0% [31]
AKS7
Enterobacter PE films Incubate at 30 °C for 60 d The weight loss was 12.2% [32]
hormaechei LB-1
Bacillus spp., HIPS Initial incubation at 50 °C ~ The weight loss was 23.7% and [33]
Pseudomonas spp. for 20 min, then incubation  <10.0%, respectively
at30°C for4d
Pseudomonas sp. PS films Incubate at 37 °C, Detected the degradation products [34]
120 r/min for 30 d
Exiguobacterium sp. PS films Incubate for 60 d The weight loss was 7.4%+0.4%; [38]
YT2 the molecular weight was reduced
by 11.0%
Acinetobacter sp. PS powder Incubate at 27 °C for 60 d The weight loss was 12.1%+1.4%); [39]
AnTc-1 the molecular weight reduction by
13.0%-25.0%
Corynebacterium sp. Polyester Incubate for 12 weeks The weight loss was 15.8% and [40]
B12, Pseudomonas PUR foam 9.3%, respectively
aeruginosa B16
Bacillus subtilis Polyester Incubate at 150 r/min, The weight loss was 20.0% [41-43]
MZA-75, Pseudomonas PUR films 37°Cfor30d
aeruginosa MZA-85
Pseudomonas sp. PUR films Incubate at 37 °C for 10 d® The weight loss was 30.0% and [44]
70.0% after incubating 5 and 10 d
Escherichia coli PUR films Incubate at 37 °C for 51 d® The weight loss was 33.0% [45]
Bacillus sp. 27, PP particle Incubate at 29 °C for 40 d The weight loss was 4.0% and 6.4%, [48]
Rhodococcus sp. 36 respectively
Pseudomonas PVC films Incubate at 30 °C for 30 d  The weight loss was between [49]
citronellolis DSM50332 (13.07%=0.36%)—(18.58%=0.01%)
Bacillus sp. AlIW2 PVC films Incubate at 30 °C, The weight loss was 0.26% [50]

180 r/min for 3 months
Note: ® The reaction condition of the enzyme secreted by the bacteria; ® The Escherichia coli involved in the table is a host for
heterologous expression of plastic-degrading genes.
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Table 2 The fungi capable of degrading petroleum-based plastics
Strain Substrate Biodegradation conditions Biodegradability References
Streptomyces sp., LDPE Incubate at 30 °C, The weight loss was 46.7%, [55]
Aspergillus niger, particle 120 r/min for 6 months 26.0% and 16.0%, respectively
Aspergillus flavus
Aspergillus oryzae LDPE Incubate at 28 °C for The weight loss was [57]
A5, 1 16 weeks 36.40%=5.53%
Aspergillus flavus, LDPE Incubate for 9 months in In soil, the weight loss was 30.6% [58]
Aspergillus terreus particle soil, 4 months in synthetic ~ and 13.1%, respectively; in
medium synthetic medium, the weight loss
was 14.3% and 11.4%,
respectively
Zalerion maritimum PE pellets Incubate at 25 °C, The size of the pellets decreased [59]
120 r/min for 28 d
Aspergillus niger QM386, PUR films Incubate at 30 °C for All could grow on the surface of [60]
Aspergillus flavus QM380, 3 weeks the polyester PUR film, and could
Aspergillus versicolor not grow on the surface of the
QM432, Penicillium polyether PUR film
funiculosum QM391,
Pullularia pullulans
QM279c, Trichoderma sp.
QM365, Chaetomium
globosum QM459
C. cladosporioides sp. Polyester Incubate at 30 °C for 14 d  The weight loss was 87.0% [61]
T1.PL PUR
Aspergillus tubingensis Polyester MSN agar plates were Degrade linear polyester PUR [62]
PUR films incubated at 37 °C for 4 d;  film on MSN agar plate and form
liquid MSN medium was holes on its surface; in liquid
incubated at 37 °C for MSN medium containing 2%
20 d, then kept at room glucose, the bacteria can degrade
temperature for 2 months; linear polyester PUR film into
PUR in soil was incubated  fragments; in soil clearly observe
at room temperature for small holes, corrosion, cracks,
4 months loss of tensile strength and surface
roughness
Aspergillus sp. S45 Polyester Incubate at 30 °C for 286d  The weight loss was 20.0% [63]
PUR films
Aspergillus niger PUR sheets  Incubate at room The weight loss was 2.18% [64]
temperature for 3 months
C. cladosporiides PUR Incubate for at least 3 weeks Transparent circle expansion rate [65]
in the dark at room was approximately 4 mm/d
temperature
Penicillium sp. PUR Incubate at 30 °C for The weight loss was 8.9% [67]
2 months
Aspergillus niger KHJ-1 PS particle Incubate at 30 °C for 60d  The weight loss was 4.29% [68]
Cephalosporium sp. PS strips Incubate at 28 °C, The weight loss was [69]
120 r/min for 8 weeks 2.17%+0.16%
Chaetomium globosum PVC films Incubate at 28 °C for 28 d  The fungus adhered and grew on [70]
PVC
Pichia pastoris PET films Reaction at 30 °C for 18 h®® The conversion rate was increased [71]

by about 36 times

Note: @ The reaction condition of the enzyme secreted by the fungi; ® The Pichia pastoris involved in the table is a host for
heterologous expression of plastic-degrading genes.
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*3 BREMABREZENMER
Table 3 The microbial consortia capable of degrading petroleum-based plastics
Strain Substrate Biodegradation conditions Biodegradability References
Comamonas, Delftia, LDPE Incubate at 28 °C for 90d  Metabolic activity and cell [73]
Stenotrophomonas viability remained until the end
of the experiment and the
viscosity area of PE decreased
by 6.7%
Bacillus spp., HDPE Incubate at 30 °C for The weight loss was [74]
Pseudomonas spp. 4 weeks 23.14%+0.24%
Bacillus sp., PE Incubate at 30 °C for 60d  The weight loss was 14.7%, and [75]
Paenibacillus sp. the average particle size was
reduced by 22.8%
Agios Onoufrios and PE Incubate at 25 °C, The weight loss was 19.0% [76]
Kalathas 120 r/min for 6 months
3 marine consortia PVC Static incubation at 20 °C ~ The weight loss was [78]
incubated in different media for 7 months 11.67%:=0.58%,
10.71%=0.54%, 6.26%=0.31%,
respectively
Rhodococcus sp., PS Incubate for 6 months The weight loss after BIOG and [79]
Shewanella sp., INDG treatment was 4.7% and
Pseudomonas sp. 2.3%, respectively
Enterobacter sp. LDPE Incubate at 45 °C for The weight loss of LDPE strips [30]
bengaluru-btdsce01, 120d and LDPE particles was
Enterobacter sp. 81.0%+4.0% and 38.0%+3.0%,
bengaluru-btdsce02, respectively
Pantoea sp.
bengaluru-btdsce03
Bacillus vallismortis LDPE, Incubate at 55 °C for The weight loss of LDPE films, [72]
bt-dsce01, Psuedomonas HDPE 120d pellets, HDPE films and pellets
protegens bt-dsce02, was 75.0%+2.0%, 55.0%+2.0%,
Stenotrophomonas sp. 60.0%=+3.0% and 43.0%=3.0%,
bt-dsce03, Paenibacillus respectively
sp. bt-dsce04
Bacillus, Pseudomonas PP Incubate at 28 °C for The weight loss was [81]
1 year 1.95%+0.18%
Aneurinibacillus LDPE, Incubate at 50 °C for The weight loss of LDPE, [82]
aneurinilyticus btDSCEO1,  HDPE, PP 140d HDPE and PP strips was
Brevibacillus agri 58.2%+2.0%, 46.6%+3.0% and
btDSCEO02, Brevibacillus 56.3%z2.0%, respectively, and
sp. btDSCEOQ3, the weight loss of LDPE, HDPE
Brevibacillus brevis and PP particles was
btDSCE04 45.7%=3.0%, 37.2%+3.0% and
44.2%+3.0%, respectively
Pseudomonas citronellolis, PVC Incubate for 45 d The average molecular weight [49]
Bacillus flexus was reduced by 10.0%
Acinetobacter sp. NyZ450,  PE films Incubate at 23 °C, The weight loss was 18.0% [83]
Bacillus sp. Nyz451 180 r/min for 30 d
Exiguobacterium sp., PET and PE  Incubate for 2 weeks Both PET and PE films were [84]
Halomonas sp., films fully degraded into small pieces

Ochrobactrum sp.

http://journals.im.ac.cn/cjbcn
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