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based synthetic plastics resist to abiotic and microbial degradation. "White pollution" caused by accumulated waste plastics
in the environment has become a global challenge. Currently, landfill and incineration are the simplest and most commonly
used methods for eliminating plastic wastes, given that only 20% of plastic wastes is recycled, but landfill and incineration
cause more serious secondary hazards, such as pollution to groundwater, soil, air and ocean. Therefore, developing a green
and efficient technology for recycling and reutilization plastic wastes is the key for solving plastic pollution, to boost a
plastic recycling economy. Applications of microorganisms/enzymes to degrade plastics into oligomers or monomers, which
can be further transformed into high-value added chemicals, have provided a new approach for such a purpose due to their
mild and environmentally friendly proceses. This article comprehensively reviews the development of biodepolymerization
and biotransformation for waste plastics, including mining plastic degrading microorganisms and enzymes, designing and
constructing microbial consortia/enzyme cocktails, analyzing of plastics depolymerization mechanism, and transforming
plastics degradants into high value-added products, such as chemicals, energy products, and materials. However, the lack of
degradation enzyme components, low degradation efficiency and difficulty for utilizing the degradants limit the development
of waste plastics biogradation. With advances in synthetic biology, emerging technologies, such as high-throughput
screening, evolutionary metabolism, and bioinformatics to analyze the catalytic mechanism of key degradation enzymes,
orientedly designing and modification of degradation enzymes, study of the mutualism relationship and mechanism in the
microbial consortia, constructing metabolic pathways for different plastic degradants, will open windows for waste plastics
biodegradation, providing environmentally friendly, economically competitive and technically feasible technologies to
develop circular economy for the re-utilization of waste plastics in China.
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Fig. 1 Fates for China's waste plastics in 20191

(According to 2019—2020 Development Report of China's Plastic Recycling Industry, in 2019, 134 million tons of primary plastic raw materials

have been supplied in China, and the output of plastic products was 96 million tons. The generation of waste plastics was 63 million tons, of which

20 million tons went to landfill; 19 million tons was incinerated, 4 million tons was discarded, accounting for 30%, 32%, 31% and 7% of the total

waste plastics, respectively. Only 19 million tons was recycled, accounting for 30% of the total plastics)
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Tab.1 Microorganisms responsible for depolymerizing plastics through hydrolysis

W

e

Z Yah==od o ’Q val f: v A
e R At FE/oC P i 2 R SRR
PET  Fusarium solani 30 PET £F 4R T o ik [11-12]
Humicola insolens 30 PET #F 4 & 1 o [13]
Thermobifida fusca 30 PET £F 4 3% 1 o8 14 [14-17]
Saccharomonospora viridis 30 PET £ 4 3 1i e v [18]
Ideonella sakaiensis 201-F6 30 6 AW e sE RS [19]
4 i 5 PET i
PU  Aspergillus flavus (ITCC 6051) 28+2 30 d %% 60.6% KEE  [20]
A PU i
Aspergillus tubingensis 37 14 dFFRER R PU  [21]
TR T
Aspergillus sp. strain S45 37 28 d FEfA 20% KR A [22]
PU
Cladosporium pseudocladosporioides, Cladosporium tenuissimum, Cladosporium asperulatum, 25~30 21 d MR 10%~65%  [23]
Cladosporium montecillanum, Aspergillus fumigatus, Penicillium chrysogenum KR ZY PU
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Tab.2 Depolymerases responsible for plastics depolymerization through hydrolysis
YIS Vo At IR it SRR IR itk SR ity R ARt S /°C Ve fiie o SCHR
PET  WCRLE Thermobifida fusca DSM43793 TfH 55 21 d iR 50% [27]
&5 5% (7%)PET# I Humicola insolens HiC 70 96 h &K 97% [28]
PET i plant compost LCC 70 24 h E EK 25% [29]
{45 5% (1.9%)PET % Ideonella sakaiensis 201-F6 PETase 30 — [29]
K45 & % PET 8 i T. fusca KW3 TfCut2 65~80 48 h HEHK 12% [30-31]
PU Impranil DLN Comamonas acidovorans TB-35 PudA 45 — [32-33]
Impranil DLN Pseudomonas fluorescens PulA 48 — [34]
Impranil DLN Pseudomonas chlororaphis PueA/PueB 65/60 — [35-36]
i 74 SR R L PU T. fusca KW3 TfCut2 70 100 h E 247K 1.9% [37]
[i] 7 SR B PU plant compost LCC 70 100 h E 24525 3.2% [37]
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Tab.3 Microorganisms responsible for plastics depolymerization through non-hydrolysis pathways

PRI AR K KAl 52 /°C o A R SCHR
PE 2Pk PE I Aspergillus niger M6 28 30 d iK% 20% [44]
% 2 PE Arthrobacter sp. GMBS 30 30 d IR 12% [45]

% L PE Pseudomonas sp. GMB7 30 30 d R EHK 15% [45]

K% EPEME  Enterobacter asburiae YT1 30 60 d Jii 512K 6.1%+0.3% [46]

R JE PE#HME  Bacillus sp. YP1 30 60 d Jii 1% 10.7%+0.2% [46]

PS PS Ik Mealworms (the larvae of Tenebrio molitor Linnaeus) 30 30 d i LR 31.0%+1.7% [47]

PS i i Exiguobacterium sp. YT2 30 60 d Jii 12K 7.4%+0.4% [47]

PS i g Penicillium variabile 24 16 JE I Red b 58 [48]
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Tab.4 Depolymerases responsible for plastics depolymerization through non-hydrolysis pathways

MRV BERIRY) fift SR S5 itk 2R i [ fif I 1%E /°C 5 iyl SCHR
PE AEN Phanerochaete chrysosporium LiP/MnP 37 15 d A FA# 70% [60]
X% % PE  MTCC-787
&5 T Pseudomonas sp. E4 alkB 37 80 d P4 F# 1% 20% [57]
PE# &
&7 F= Pseudomonas aeruginosa E7 AH &5 37 80 d P4 P& 1% 30% [58]
PE By K
PS PS Azotobacter beijerinckii HM121 E|SiIRAR-¥=411H 30 5 min N 7K fi# PS % [59]
SRR ] WK F= 1)
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Fig. 2 Biological degradation pathway for plastics from organic acid based monomers (adipic acid, 6-hydroxyhexanoic acid, etc.)

(Key enzymes in metabolic pathway: DcalJ—succinyl-CoA transferase; DcaA—acyl-CoA dehydrogenase; DcaE—enoyl-CoA hydratase;

DcaH—3-hyroxyacyl-CoA dehydrogenase; DcaF—acyl-CoA thiolase; ChnD—6-hydroxyhexanoate dehydrogenase; ChnE—6-oxohexanoate dehydrogenase)
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| HimEg
GiR umend | Foem
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o
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.%IEILW : Co,
L HEMCoA

(a)

A

APRTH — 4BETHCA —e 4BHETHECA — 34-%3ILTHECoA

‘ ‘ |

HREIR BRIHFECoA - 1E 4-F2 -3l Bk~ T HECoA
l ‘ /N
HRIANE BRIAMECoA LEEEECoA ZBCoA
(b)

B3 AHEERIER R (L TBEM1,4-T B4 YR ST
GEEW SRR PedE, PedH—MRAKAIERE It A EE: PP_0545Fl Pedl—ME i A : GIcDEF—ZFFMRELES: Gel— LML ;
Hyi— 3 A BARR A0 GIxXR—il A TR L REIT RS : AceA—RATHMRAAN: GleB—I R A HKM: PduP— R E A
Fig. 3 Biological degradation pathway for plastic from organic alcohol based monomers (ethylene glycol, 1,4-butanediol, etc.)
(Key enzymes in metabolic pathway:PedE, PedH—quinoprotein alcohol dehydrogenase; PP_0545 and Pedl—aldehyde dehydrogenase;
GlecDEF—glycolate oxidase; Gel—glyoxylate carboligase; Hyi—hydroxypyruvate isomerase; GIxR—artronate semialdehyde reductase;
AceA—isocitrate lyase; GlcB—malate synthase; PduP—propionaldehyde dehydrogenase)

BRIR B 77 38 B PR AE K T, A, PR LR TR DAL 1,2-T8 SRR 2,3-T RSN, iR
K FF (Acetobacterium woodii) ', Trifunovié A DAL 2 B K TR B B, FFadE— P e
R pdu F TR RE g RS TN B R K L1 CoA ML TE . AR L 18k CoA #E A H LT
(PduCDE) #1 CoA #H: [1) P B it L (PduP), BR FE L KPR ER AL I FE A2 i ATP . B IS5
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Fig. 4 Biological degradation pathway for plastics from aromatic monomers (terephthalic acid, 2,4-diaminotoluene, etc.)

(Key enzymes in metabolic pathway: TphAabc—TPA 1,2-dioxygenase; TphB—1,2-dihydroxy-3,5-cyclohexadiene-1,4-dicarboxylate dehydrogenase)
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Fig. 5 Biological degradation pathway for plastics from aliphatic hydrocarbon monomers

(Key enzymes in metabolic pathway: P450—monooxygenase P450; SDO—styrene dioxygenase; SMO—styrene monooxygenase;

CGDH—cis-ethylene glycol dehydrogenase; SOI—styrene oxide isomerase; PAALDH—phenylacetaldehyde dehydrogenase)
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