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Microbial degradation of polyurethane plastics
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Abstract: Plastic pollution has become a global environmental issue, making it necessary to explore the environmental
disposal technology for plastic waste. Recently, we and other researchers have individually found microorganisms or enzymes
from nature that can degrade synthetic plastic. These findings indicated that the capability of these microorganisms or enzymes
to degrade plastic could be used for the disposal of plastic waste. Polyurethane (PUR) was one of the most used general plastic
and its plastic waste occupied 30% of the total volume of different plastic waste. This review tried to provide a comprehensive
summary of the researches on microbial degradation of PUR plastic in the past 70 years since its invention, and focused on the
PUR-degrading fungi, bacteria, genes or enzymes, degradation products and the corresponding biological disposal
technologies. We finally proposed the key scientific challenges on the development of high efficient biological disposal for
PUR waste in the perspective researches.
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Tablel PUR-degrading fungi
Y ear Strains Source PUR type® Reference
1968  Aspergillus niger QM 386, Aspergillus flavus QM 380, - L-PS/L-PE film [10]
Aspergillus versicolor QM 432, Penicillium funiculosum
QM391, Pullularia pullulans QM279c¢, Trichoderma sp.
QM 365, Chaetomium globosum QM 459
1979  Aspergillus niger, Cladosporium herbarum Environment  C-PE foam [17]
1987  Aspergillus fischeri IM1301296, Aspergillus niger Soil C-PS foam [12]
IM 1314389, Aspergillus ustus IM1314382, Aspergillus L-PSfilm
versicolor IM1314286, Emericella nidulans IM 1314388,
Fusarium culmorum IM1314383, Fusarium solani
IM1314385, Penicillium chrysogenum IM1314384,
Penicillium chrysogenum IM 1314387, Trichoderma
harzianum IM 1304500, Trichoderma harzianum IMI
314381, Gliocladium roseum IM1304501, Penicillium
strains 1-2
1994  Fusarium solani, Curvularia senegalensis, Aureobasidium Soil DLN emulsion [13]
pullulans, Cladosporium sp.
2003  Nectria gliocladioides, Penicillium ochrochloron, Soil L-PSfilm [14]
Geomyces pannorum DLN emulsion
2007  Geomyces pannorum, Phoma sp., Penicillium inflatum, Soil L-PSfilm [15]
Neonectria ramulariae, Penicillium viridicatum DLN emulsion
2010 Alternaria sp.PURDK?2 Environment  C-PE foam [16]
2011  Pestalotiopsis microspora E2712A Plant DLN emulsion [17]
2012  Aspergillus flavus ITCC 6051 Soil L-PSfilm [18]
2016  Cladosporium pseudocladosporioides T1.PL.1, Sail, DLN emulsion [19]
Cladosporium tenuissimum A2.PP.5, Cladosporium dumpsite, PolyL ack emulsion
tenuissimum A3.1.1, Cladosporium asperulatum BP8.1.3, air, C-PE foam
Cladosporium asperulatum BP3.1.2, Cladosporium insulation
montecillanum A2.H.4, Aspergillus fumigatus A2.PL .1,
Penicillium chrysogenum BP3.1.7
2017  Aspergillus tubingensis Dumpsite L-PSfilm [20]
2017  Aspergillus sp. $45 Dumpsite L-PSfilm [21]

a L-PSindicates linear polyester polyurethane; L-PE indicates linear polyether polyurethane; C-PS indicates crosslinking
polyester polyurethane; C-PE indicates crosslinking polyether polyurethane.
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Table 2 PUR-degrading bacteria

Y ear Strains Source PUR type? Reference
1991  Serratia rubidaea B2, Corynebacterium sp. B3, Soil C-PS foam [22]

Corynebacterium sp. B4, Alcaligenes denitnficans B5,

Corynebacterium sp. B6, Enterobacter agglomerans B7,

Corynebacterium sp. B8, Corynebacterium sp. B10,

Pseudomonas maltophilia B11, Corynebacterium sp. B12,

Aeromonas salmonicida B13, Pseudomonas aeruginosa B16
1991  Staphylococcus epidermidis KH11 Catheter L-PE elastomer [24]
1995 Comamonas acidovorans TB-35 Soil L-PS film [25-26]
1998 Bacillus sp. Soil DLN emulsion [27]
1998 Pseudomonas fluorescens Soil DLN emulsion [28]
1999 Pseudomonas chlororaphis Soil DLN emulsion [29-30]
2002 Bacillus subtilis Soil DLN emulsion [31]
2007  Alicycliphilus sp. BQ1, Alicycliphilus sp. BQ8 Dumpsite Hydroform emulsion [33-34]

/L-PS elastomer

2007  Pseudomonas chlororaphis ATCC55729 - C-PS foam [35]
2007  Bacillus pumilus NM SN-1d Dumpsite DLN emulsion [36]
2008 Bacillus sp. AF8, Pseudomonas sp. AF9, Micrococcus sp. Soil L-PS film [37]

AF10, Arthrobacter sp. AF11, Corynebacterium sp. AF12
2012  Acinetobacter gerneri P7 Soil DLN emulsion [32]
2013  Bacillus subtilis MZA-75, Pseudomonas aeruginosa MZA-85  Soil L-PS film [38-40]
2014  Pseudomonas putida A12 Soil DLN emulsion [41]
2015 Bacillus safensis, Bacillus subtilis Wood DLN emulsion [42-43]
2017 Bacillus sp. S10-2 Spacecraft  DLN emulsion/ [44]

L-PSfilm

a L-PSindicates linear polyester polyurethane; L-PE indicates linear polyether polyurethane; C-PS indicates crosslinking
polyester polyurethane; C-PE indicates crosslinking polyether polyurethane.
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Table3 Genesand enzymesinvolved in biodegradation of PUR
Y ear Enzyme/Gene Size Source Substrate Reference
1987 Papain 23 kDa Carieapapaya Urea bonds [45]
1993 Cholesterol esterase - Bovine pancreas Ester bonds [46-47]
1994 Esterase 28 kDa Curvularia senegalensis Ester bonds [13]
1996 Elastase - Porcine pancreas Urea bonds [48]
1998 Esterase/pudA 62 kDa/2 174 bp Comamonas acidovorans TB-35 Ester bonds [49-50]
1998 Protease 29 kDa Pseudomonas fluorescens Urea bonds [28]
1999 Esterase/pul A 48 kDa/1 400 bp Pseudomonas fluorescens Ester bonds [51-52]
1999 Esterase 42 kDa Comamonas acidovorans Ester bonds [53]
1999 Esterase 27 kDa Pseudomonas chlororaphis Ester bonds [54]
1999 Esterase & Protease/ 63 kDa Pseudomonas chlororaphis Ester & [55]
Esterase 31 kDa Urea bonds
2000 Lipase/pueA 65 kDa/1 851 bp Pseudomonas chlororaphis Ester bonds [56]
2001 Lipase/pueB 60 kDa/1 695 bp Pseudomonas chlororaphis Ester bonds [57]
2003 Lipase 28 kDa Bacillus subtilis Ester bonds [31]
2007 Lipase 59 kDa Candida rugosa Ester bonds [58]
2011 Serine hydrolase 21 kDa Pestalotiopsis microspora E2712A Urea bonds [17]
2012 Lipase 66 kDa Acinetobacter gerneri P7 Ester bonds [59]
2014 Esterase 45 kDa Pseudomonas putida Ester bonds [41]
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