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Figure 1 Transport pathways of microplastics in aquatic, terrestrial and atmospheric environments
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Figure 2 Schematic diagram of aerobic microbial degradation process of microplastics
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Table 1 Biodegrading enzymes capable of degrading common microplastics
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Table 2 Microorganisms producing lipases and cutinases, and their habitats and target microplastics
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Figure 3 Schematic diagram of anaerobic microbial degradation process of microplastics
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Table 3 Microorganisms capable of anaerobic degradation of microplastics

AN BN IR SR
ARe S A 5 ARMABAHRREER, Hs
W Tl T 5 PLA B A W BRI R, HiR s E T,
(Tepidimicrobium)ffl TPS #1 PHB Al PR HAL N kS, w26 1F T, PLA 98
25 2R B (Moorella)  PLA, PHB 1 TPS A5 7555 i i 18] P 38 S 85
R i K
THAER AL
(Peptococcaceae)

FILRRIS A BROKAL Sz S A A

. R
P LB T A A 2T B AR

(Tepidimicrobium) . A A PLA 99
i - PR i, Herp Uk pRiz s A Qi SE A -
A REAR 1 .
- 5 g W A
(Clostridium sensu
stricto.7)
[ FF 1 J& (Enterobacter) fil - M APy T §E &4 PHB SRR 3L i i BRIk PHE o8
74 & J& (Cupriavidus) REGHER, SubD ) nT AL PHB 1B fi#
B e r H
(Cloacamonales) ] BEAFAE S ADL R 0 i 1 17 T i P 2 g ) 7K i PHA 100
AL B H it A B B e et R AH SR Y 2 [

(Thermotogales)
Vi I m DAZK AR i 7 T - %5 5 Tk SR i
PRI R I B R AR UG AR T, s HL 70 WA P i PET 101
(Caldicellulosiruptor bescii) a PV, TS e
& PET HIERBE/K f# ) LCC M LCC A2k
BN AR T B s € £ i i (LCC) =
202 I (Clostridium A Clostridium thermocellum 1, it &%

thermocellum) 15 LCC [i§. LCC RefgHr 7 IR K iR PET 102
PET HMaseE, {2k HFEAE
- N Z 55 & 10 e B FE AR I A AL B (tpx), 5t
IEIMATi Enterobacter  y s oty s 5 CahpC)MANIERE S PS 103

hormaechei LG3) LT 1 (bep)
NI 51 cp

FEPRESAT T AT REIE IR 2 M 4 S —~ 2R
CTRARIEAR IR PS, ¥ el R
2Ny, Fhly AERMSE, hETMEEEL PS 104
WA KB KO |77 WIN COy,
LB i TR % 2 R T R e

2R AR P

(Pseudomonas aeruginosa)

AR
(Pseudomonas Jot e BN S AR il PE 105
pertucinogena)
PR PR RE I L A S A N, B
EMBL-1(Klebsiella sp. PVC & Fedk. BB, AR 2- PVC 106

EMBL - 1) T O FRERSE 5 R (E [R =1




FHECLF SRS, B PEMR R IR B PS>, H 2 B0 oS b TR ERRL, W% 8 SR B A (R i 75 154
JiE. BB RAE M AN 42 B (Microthrix) A1 % K 14 (Gordonia) ™ 78 Hr i 2644 5 %t PLA A58 CL A g (Polycaprolactone, PCL)
F) B X PR R B v, BB AR 0 6 B 1 1 (Halomonas) % AE 7 A4 i (25 PASO BRINAEURE, bR e b A2 F gk
B, A JIHHES) T IR E DT R R ) A P R R AR, ELBE AR RE 7 v AR 78 20 llik;  BHVA 1R H (Cloacamonales)
HHMUE H (Thermotogales)™ f) B figthf 1K, FL 75 BLAEIE K S5 R HEAT A SR B 4k 4241 i P AR o e i PR A8 T, of
T 2RO A AT YL 7T, 40 e PR 40 B R R A2 A

6 DN TRER AR HIHUIR

i 5 R R g R 5 NAMRIE DR S, TRE AR AT SR A ARMHISN. Zhang™® S5 K& R T B AR VK% R A N
s (InaKN), A FE 1% ¥ B (Psychrobacter sp. NJ228) H 3R HU 74 % 12 il PSLAC [)2E A pslac, InakN 5 pslac. @ik e 422
ki, HEA pET-28a(+) 8k, ¥ pET-InaKN-PSLAC. #4 )5 ki 4% A\ K J# 1 (Escherichia coli BL21), i3k 13 THE R
BL21/pET-InaKN-PSLAC. E¥MEE SLIGER, 15 °CHY, 1% TREHTE 48 /NI I Xt PE HIFR AR 21X 48.0 %, 144 /N JEIA
1 66.0 %, FEARIR X PE fOBRHA S 21 FEAR BE /1. Huang™" S5 A\ S I 356 R TR S0 A= MBI i i 1 3 P 20 1 25 35 1R
LI 5 (Stenotrophomonas pavanii), f#iHid &% ik tiR PET /K fi##§ DuraPETase, i $2 1% w4 i B PET Sl i 4
fRAE 1. 7 RN TR GL-PET SR UR 2 510N 11.03 uM(E K 7K), 9.87 uMEHZK), 8.21 uM(HE/K). EIERK +
() e 26 B T T RS ME AN AL, G1-PET X PET TR R P )RR IS A7) e T B A AL B R IWG-G1(0.16 pM), 78
73RN AEHEK T TR R R G1-PET B RR 5 . (B LA Ak G1-PET ANBE 58 A PET &A™ £ (&I, 41 TPA
FVEG, XA AES it il 28 (FR 5 XK. Liu®® 25 A FH 3 D8] T RE eeids A4 T4R 1 (Clostridium thermocellum), 3 isKs 4
HEJE A 5 B (Leaf-branch compost cutinase, LCC) &z AR A 3 [R5 5 Bl AR AR B 1 42 4k DNA 1, R T REmiiGRis
LCC M LREBR. X EARIR LCC My khiti, @& H i LREXS LCC XN sidb AT 9848, thiln H218S, F2221 RAE K
F2431 R4, $5 1 LCC X} PET BIFEARVETER AR ENE. Hrfh LCC A8fk F2431 BE a5 T SR IH, 10 RN TPA
FEERIk 60 %, AEBFAESRY LCC I 3 5. (HEH T PET fARIAR P, A=A AR . CREMMEYR, FEUAR pH
£5.6, RGN SRE M, MmARAER. XU R R TR W BRI T PET AR, 10UF T TN
EAESERR F AR R, LCC AR P AR 8 ) B 23 32 21 SR A58 b - P IR 22 0. itk db, I SRR 1A LCC AR AR,
Al RE A IR B G, S EUE ARSI ARE, TIINPTA R 4R 4R ORI AR E Rk,

FALFEHROIR 25 F0 T 1 (Clostridium sp.)®°, BERZIE N TRENGE J5 SO B3, AYsaib s m, BT 5256 = e,
B AR HAE A 2. Bk, B R B A E R S, KB A EAH e, — BN BRI, AR 45
5 RIS R (42w hY DuraPETase FRIJEIA) i) B 23 i # BIRA ST b (1) AR AE MR N, O S i A M AR e 7, 2k

SR AT H A V5 S ) R AR B AL B . PR B R SR VT R S S M RETE S R B O BS088, 2 25 B G 1P
A R R
7 EY

JUMIEZERUR, REBRHERRE . AR AR R, BRI INC-5 W EHESA R — T
HA BRSO RN S Ja B E R 620, B2 —FReER, SWRATTIARBIER BN, SEERNS Yuih #k
FEANER. RSN, BOERNS R P TR R SE vkt . Behh, B ATHETTEZ 0 B AR 5E th i kel
PB4 8 A PR T P (R S s 2 AR xR A B T e OB 0 A IR 22 9 i S, i PAY i o 2 e e e
R FE A R ARThREIF AT, IR S DA PR AR R I TS AR B8 0, R0 AW FE A SR rh AR L S B8 Bt fi
BB RUCE Y B L AR AL, X DRSEIAE T REFF R A 2 R B D, 25 B RIS, I Je S A S P
RS Gt BA TR, AR A M A S R R AR GBI FE T AR AR LU J7 6] (D)5 & BN TR R A e it
HLEE, RN I BERIREALAL], (27 F2 58 2R, 70 80 50 2 REAE DR AP B8 N BRI TR PR, (B) DAL TRk
AW AR AR, AR PR T T R R HARYS VT I A TS G, AN H 28 R FOIAETS kiR, (4) M/
MBLRIE BZPHE, MRS 0N, R T I m TREM A, SR A A S FeA

HIAL ., TSR R B B A T i AR SE PR IO IABTAE R i AN s, o) A3 R0 S DU SE B RS AL (K
BAEH SES RGNSk e



% 3R

1

10
11

12

13

14

15

16

17

18

19

20

21

22

23
24

25

26

27
28

29

30

Rochman C M, Manzano C, Hentschel B T, et al. Polystyrene plastic: a source and sink for polycyclic aromatic hydrocarbons in the marine environment.
Environ Sci Technol, 2013, 47: 13976-13984

Balabantaray S R, Singh P K, Pandey A K, et al. Forecasting global plastic production and microplastic emission using advanced optimised discrete grey
model. Environ Sci Pollut Res Int, 2023, 30: 123039-123054

Park S'Y, Kim C G. Biodegradation of micro-polyethylene particles by bacterial colonization of a mixed microbial consortium isolated from a landfill site.
Chemosphere, 2019, 222: 527-533

Hou L, Xi J, Liu J, et al. Biodegradability of polyethylene mulching film by two Pseudomonas bacteria and their potential degradation mechanism.
Chemosphere, 2022, 286: 131758

Beggel S, Kalis E J J, Geist J. Towards harmonized ecotoxicological effect assessment of micro- and nanoplastics in aquatic systems. Environ Pollut, 2025,
366: 125504

Ren S, Graf M, Wang K, et al. Separation and Identification of Conventional Microplastics from Farmland Soils. J Vis Exp, 2025, (217): e67064

Casella C, Cornelli U, Ballaz S, et al. Plastic Smell: A Review of the Hidden Threat of Airborne Micro and Nanoplastics to Human Health and the
Environment. Toxics, 2025, 13(5): 387

Leslie H A, van Velzen M J M, Brandsma S H, et al. Discovery and quantification of plastic particle pollution in human blood. Environ Int, 2022, 163:
107199

Rotchell J M, Austin C, Chapman E, et al. Microplastics in human urine: Characterisation using pFTIR and sampling challenges using healthy donors and
endometriosis participants. Ecotoxicol Environ Saf, 2024, 274: 116208

Zhang N, Li Y B, He H R, et al. You are what you eat: Microplastics in the feces of young men living in Beijing. Sci Total Environ, 2021, 767: 144345
Yang J, Li H, Ling W, et al. Sources, Status, and Potential Risks of Microplastics in Marine Organisms of the Bohai Sea: A Systematic Review. Toxics,
2025, 13(5): 400

Rather S A, Amin A, Abubakr A, et al. First incidence of microplastic in commercially important food fishes and waters: A case study in the dal Lake
ecosystem of North-Western Himalaya (India). J Contam Hydrol, 2025, 273: 104619

Mhapsekar S, Kalangutkar N, Joshi N. Microplastic contamination and ecological risk in a riverine system: A case study from the Valvanti River, Goa,
India. Environ Monit Assess, 2025, 197: 706

Villanova-Solano C, Hern&ndez-Sénchez C, D Bz-Pefm F J, et al. Microplastics in snow of a high mountain national park: El Teide, Tenerife (Canary
Islands, Spain). Sci Total Environ, 2023, 873: 162276

Collard F, Hallanger I G, Philipp C, et al. Microplastic pellets in Arctic marine sediments: a common source or a common process? Environ Res, 2025, 279:
121770

Wang T, Li B, Shi H, et al. The processes and transport fluxes of land-based macroplastics and microplastics entering the ocean via rivers. J Hazard Mater,
2024, 466: 133623

Vd&ez-Terreros P Y, Romero-Estérez D, Y&nez-J&ome G S. Microplastics in Ecuador: A review of environmental and health-risk assessment challenges.
Heliyon, 2024, 10: 23232

Micalizzi G, Chiaia V, Mancuso M, et al. Investigating the effects of microplastics on the metabolism of Trematomus bernacchii from the ross sea
(Antarctica). Sci Total Environ, 2024, 955: 176766

Jong M C, Tong X, Li J, et al. Microplastics in equatorial coasts: Pollution hotspots and spatiotemporal variations associated with tropical monsoons. J
Hazard Mater, 2022, 424: 127626

Rodr guez Pirani L S, Picone AL, Costa A J, et al. Airborne microplastic pollution detected in the atmosphere of the South Shetland Islands in Antarctica.
Chemosphere, 2024, 368: 143762

Escafan A'S, Wang M-H, Acot F T, et al. Spatiotemporal variations in rural and urban beach microplastics accumulation in sediment along Sarangani Bay
Protected Seascape, Mindanao, the Philippines. Environmental Monitoring and Assessment, 2025, 197: 687

Chen P, Kane | A, Clare M A, et al. Direct Evidence That Microplastics Are Transported to the Deep Sea by Turbidity Currents. Environ Sci Technol, 2025,
59: 7278-7287

Wang C, Song J, Nunes L M, et al. Global microplastic fiber pollution from domestic laundry. J Hazard Mater, 2024, 477: 135290

Bai Y, Guo X, Masaki T, et al. Distribution characteristics and transport processes of biodegradable microplastics in the Seto Inland Sea, Japan. J Hazard
Mater, 2025, 491: 137911

Bobchev N, Berov D, Klayn S, et al. High microplastic pollution in marine sediments associated with urbanised areas along the SW Bulgarian Black Sea
coast. Mar Pollut Bull, 2024, 209: 117150

Ramadoss D, Biju A, Rathore C, et al. The first report on emerged microplastics in deep-sea sediment: Insights from the Central Indian Ocean Basin. Mar
Pollut Bull, 2025, 211: 117435

Egger M, Booth A M, Bosker T, et al. Evaluating the environmental impact of cleaning the North Pacific Garbage Patch. Sci Rep, 2025, 15: 16736

Xue R Z, Liu Z M, Wang M, et al. Regulatory effects of marine organisms on the migration and transformation of microplastics (in Chinese). Earth
Environ, 2022, 50(02): 291-303 [V, XIsH, £, 5. LY IR R R iEE . IR 538, 2022, 50(02): 291-303]

Arcadio C, Albarico F, Hsieh S L, et al. Microplastic distribution in the surface water and potential fish uptake in an oligotrophic lake (Lake Mainit,
Philippines). J Contam Hydrol, 2025, 273: 104603

Hajji S, Ben-Haddad M, Abelouah M R, et al. Microplastic characterization and assessment of removal efficiency in an urban and industrial wastewater
treatment plant with submarine emission discharge. Sci Total Environ, 2024, 945: 174115



31

32
33

34

35

36
37

38
39

40

41
42

43

44

45

46
47

48

49

50
51

52

53

54
55

56

57

58

59

60

61

62

Horton A A, Walton A, Spurgeon D J, et al. Microplastics in freshwater and terrestrial environments: Evaluating the current understanding to identify the
knowledge gaps and future research priorities. Sci Total Environ, 2017, 586: 127-141

Rillig M C. Microplastic in terrestrial ecosystems and the soil? Environ Sci Technol, 2012, 46: 6453-6454

Zhang P, Wang J, Huang L, et al. Microplastic transport during desertification in drylands: Abundance and characterization of soil microplastics in the
Amu Darya-Aral Sea basin, Central Asia. J Environ Manage, 2023, 348: 119353

Hu G L. Research on the interaction mechanism between microplastics and soil media (in Chinese), 2019 [FAEEMK. kL5 358 A 50 AR T8 F HLA
WF 78, 2019]

Roscher L, N&hig E M, Fahl K, et al. Origin and intra-annual variability of vertical microplastic fluxes in Fram Strait, Arctic Ocean. Sci Total Environ,
2025, 958: 178035

LiuM, Lu S, Song Y, et al. Microplastic and mesoplastic pollution in farmland soils in suburbs of Shanghai, China. Environ P ollut, 2018, 242: 855-862
O'Brien S, Rauert C, Ribeiro F, et al. There's something in the air: A review of sources, prevalence and behaviour of microplastics in the atmosphere. Sci
Total Environ, 2023, 874: 162193

Zhang J, Wang L, Kannan K. Microplastics in house dust from 12 countries and associated human exposure. Environ Int, 2020, 134: 105314

FacciolaA, Visalli G, Pruiti Ciarello M, et al. Newly Emerging Airborne Pollutants: Current Knowledge of Health Impact of Micro and Nanoplastics. Int J
Environ Res Public Health, 2021, 18(6): 2997

Bigalke M, Fieber M, Foetisch A, et al. Microplastics in agricultural drainage water: A link between terrestrial and aquatic microplastic pollution. Sci Total
Environ, 2022, 806: 150709

Khalid N, Ageel M, Noman A, et al. Linking effects of microplastics to ecological impacts in marine environments. Chemosphere, 2021, 264: 128541

Li L. Types and occurrence characteristics of microplastics (in Chinese). Technology Vision, 2022: 14-15 [Z= 3. T8kl Fh 258 Fe FLIRAE AR, RHE L
Jt, 2022, 14-15]

Kannankai M P, Babu A J, Radhakrishnan A, et al. Machine learning aided meta-analysis of microplastic polymer composition in global marine
environment. Journal of Hazardous Materials, 2022, 440: 129801

XuL, Xu X, Li C, etal. Is mulch film itself the primary source of meso- and microplastics in the mulching cultivated soil? A preliminary field study with
econometric methods. Environ Pollut, 2022, 299: 118915

Chen Q, Gundlach M, Yang S, et al. Quantitative investigation of the mechanisms of microplastics and nanoplastics toward zebrafish larvae locomotor
activity. Sci Total Environ, 2017, 584-585: 1022-1031

Cheng D, Liu H, Qian W, et al. Migration characteristics of microplastics in riparian soils and groundwater. Environ Monit Assess, 2024, 196: 796

Zhao W, Su Z, Geng T, et al. Effects of ionic strength and particle size on transport of microplastic and humic acid in porous media. Chemosphere, 2022,
309: 136593

Dong Z, Zhu L, Zhang W, et al. Role of surface functionalities of nanoplastics on their transport in seawater-saturated sea sand. Environ Pollut, 2019, 255:
113177

Ishak S A, Aris A Z, Law M C, et al. Impact of plasticiser exposure on oyster Crassostrea (Magallana) saidii: assessing oxidative stress and biomarker
responses. Ecotoxicology, 2025, 34: 654665

Li L, Guo Z, Guo X, et al. Phanerochaete chrysosporium hyphae bio-crack, endocytose and metabolize plastic films. J Hazard Mater, 2025, 487: 137154
Khan K Y, Ali B, Ghani H U, et al. Single and combined effect of tetracycline and polyethylene microplastics on two drought contrasting cultivars of
Oryza sativa L. (Rice) under drought stress. Environ Toxicol Pharmacol, 2023, 101: 104191

Ma R, Xu Z, Sun J, et al. Microplastics affect C, N, and P cycling in natural environments: Highlighting the driver of soil hydraulic properties. J Hazard
Mater, 2023, 459: 132326

Zhu J, Liu S, Wang H, et al. Microplastic particles alter wheat rhizosphere soil microbial community composition and function. J Haz ard Mater, 2022, 436:
129176

Zampolli J, Orro A, Manconi A, et al. Transcriptomic analysis of Rhodococcus opacus R7 grown on polyethylene by RNA-seq. Sci Rep, 2021, 11: 21311
Tu C, Chen T, Zhou Q, et al. Biofilm formation and its influences on the properties of microplastics as affected by exposure time and depth in the seawater.
Sci Total Environ, 2020, 734: 139237

Yi M, Zhou S, Zhang L, et al. The effects of three different microplastics on enzyme activities and microbial communities in soil. Water Environ Res, 2021,
93:24-32

T R0 20 147 3 70 K% 7S AE AL 9, 2023)

Wang H, Zhong Y, Yang Q, et al. Coupling of sulfate reduction and dissolved organic carbon degradation accelerated by microplastics in blue carbon
ecosystems. Water Res, 2025, 279: 123414

Wang Z C, Ma Y, Yang L W, et al. Effects of PE and PLA microplastics on functional microorganisms involved in aquatic nitrogen metabolism (in
Chinese). China Environmental Science, 2025, 45: 278-291 [T &8, D4k, UL, 5. PE Rl PLA G R0 /K A AR AR G h g L it sz . o
[¥ FR 855 L 2%, 2025, 45: 278-291]

Chu W C, Gao Y Y, Wu Y X, et al. Biofilm of petroleum-based and bio-based microplastics in seawater in response to Zn(ll): Biofilm formation,
community structure, and microbial function. Sci Total Environ, 2024, 928: 172397

Ameen F, Al-Shwaiman H A, Almalki R, et al. Degradation of polyvinyl chloride (PVC) microplastics employing the actinobacterial strain Streptomyces
gobitricini. Biodegradation, 2025, 36: 19

Jeon H J, Kim M N. Degradation of linear low density polyethylene (LLDPE) exposed to UV-irradiation. European Polymer Journal, 2014, 52: 146-153



63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92
93

94

Mamtimin T, Ouyang X, Wu W M, et al. Novel Feruloyl Esterase for the Degradation of Polyethylene Terephthalate (PET) Screened from the Gut
Microbiome of Plastic-Degrading Mealworms (Tenebrio Molitor Larvae). Environ Sci Technol, 2024, 58: 17717-17731

Zampolli J, Vezzini D, Brocca S, et al. Insights into the biodegradation of polycaprolactone through genomic analysis of two plastic-degrading
Rhodococcus bacteria. Front Microbiol, 2023, 14: 1284956

Zaman |, Turjya R R, Shakil M S, et al. Biodegradation of polyethylene and polystyrene by Zophobas atratus larvae from Bangladeshi source and isolation
of two plastic-degrading gut bacteria. Environ Pollut, 2024, 345: 123446

Tighe S W, Curd E, Tracy K M, et al. Biomolecular Analysis of Arctic Microorganisms Capable of Psychrophilic Growth on Biodegradable and
Compostable Plastic. J Biomol Tech, 2024, 35(4): 3fc1f5fe.601dfOcc

Duan Y L. Screening and degradation mechanisms of polyethylene microplastic-degrading bacteria (in Chinese), 2023 [EXIF K. 58 2 ¥ i 28k} B AR 5 1)
77 366 0 4 A AL BT 5T, 2023]

Zhang J, Gao D, Li Q, et al. Biodegradation of polyethylene microplastic particles by the fungus Aspergillus flavus from the guts of wax moth Galleria
mellonella. Sci Total Environ, 2020, 704: 135931

Urbanek A K, Arroyo M, de la Mata I, et al. Identification of novel extracellular putative chitinase and hydrolase from Geomyces sp. B10l with the
biodegradation activity towards polyesters. AMB Express, 2022, 12: 12

Kim D W, Ahn J H, Cha C J. Biodegradation of plastics: mining of plastic-degrading microorganisms and enzymes using metagenomics approaches. J
Microbiol, 2022, 60: 969-976

Li Q, Li H, Tian L, et al. Genomic insights and metabolic pathways of an enriched bacterial community capable of degrading polyethylene. Environ Int,
2025, 197: 109334

Carniel A, Valoni E, Nicomedes J, et al. Lipase from Candida antarctica (CALB) and cutinase from Humicola insolens act synergistically for PET
hydrolysis to terephthalic acid. Process Biochemistry, 2017, 59: 84—-90

Kim H R, Lee HM, Yu H C, et al. Biodegradation of Polystyrene by Pseudomonas sp. Isolated from the Gut of Superworms (Larvae of Zophobas atratus).
Environ Sci Technol, 2020, 54: 6987-6996

Zhang G, Du J, Zhang C, et al. Identification of a PET hydrolytic enzyme from the human gut microbiome unveils potential plastic biodegradation in
human digestive tract. Int J Biol Macromol, 2024, 283: 137732

Chandramouli Swamy T M, Nagarathna S V, Reddy PV, et al. Efficient biodegradation of Polyethylene terephthalate (PET) plastic by Gordonia sp. CN2K
isolated from plastic contaminated environment. Ecotoxicol Environ Saf, 2024, 281: 116635

Taxeidis G, Siaperas R, Foka K, et al. Elucidating the enzymatic response of the white rot basidiomycete Abortiporus biennis for the downgrade of
polystyrene. Environ Pollut, 2025, 374: 126214

Xu L, An X, Jiang H, et al. A novel Gordonia sp. PS3 isolated from the gut of Galleria mellonella larvae: Mechanism of polystyrene biodegradation and
environmental toxicological evaluation. J Hazard Mater, 2025, 488: 137219

Qiu Q, Sun X, Li H, et al. Biodegradation of polystyrene and its mechanisms driven by a customized lignin-degrading microbial consortium and degrading
bacteria. J Environ Manage, 2025, 384: 125560

Egessa R, Nankabirwa A, Ocaya H, et al. Microplastic pollution in surface water of Lake Victoria. Sci Total Environ, 2020, 74 1: 140201

Shalem A, Yehezkeli O, Fishman A. Enzymatic degradation of polylactic acid (PLA). Appl Microbiol Biotechnol, 2024, 108: 413

Wang Y, Zhang Y, Li C, et al. Clonal expression and structural analysis of polylactic acid-degrading enzyme S8SP from Bacillus safensis. Lett Appl
Microbiol, 2025, 78(3): ovaf025

Khandare S D, Chaudhary D R, Jha B. Isolation and purification of esterase enzyme from marine bacteria associated with biodegradation of polyvinyl
chloride (PVC). Biodegradation, 2024, 36: 4

Zeng J, Yao J, Zhang W, et al. Biodegradation of commercial polyester polyurethane by a soil-borne bacterium Bacillus velezensis MB01B: Efficiency,
degradation pathway, and in-situ remediation in landfill soil. Environ Pollut, 2024, 363: 125300

Choonut A, Wongfaed N, Wongthong L, et al. Microbial degradation of polypropylene microplastics and concomitant polyhydroxybutyrate production: An
integrated bioremediation approach with metagenomic insights. J Hazard Mater, 2025, 490: 137806

Jeyavani J, Al-Ghanim K A, Govindarajan M, et al. Bacterial screening in Indian coastal regions for efficient polypropylene microplastics biodegradation.
Sci Total Environ, 2024, 918: 170499

Fei F, Su Z, Liu R, et al. Efficient biodegradation of poly(butylene adipate-co-terephthalate) in mild temperature by cutinases derived from a marine
fungus. J Hazard Mater, 2024, 480: 136008

Yuan J, Ma J, Sun Y, et al. Microbial degradation and other environmental aspects of microplastics/plastics. Sci Total Environ, 2020, 715: 136968

Roohi, Bano K, Kuddus M, et al. Microbial Enzymatic Degradation of Biodegradable Plastics. Curr Pharm Biotechnol, 2017, 18: 429-440

Sahu S, Kaur A, Khatri M, et al. A review on cutinases enzyme in degradation of microplastics. J Environ Manage, 2023, 347: 119193

Putcha J P, Kitagawa W. Polyethylene Biodegradation by an Artificial Bacterial Consortium: Rhodococcus as a Competitive Plastisphere Species.
Microbes Environ, 2024, 39(3): ME24031

Huang Q S, Yan Z F, Chen X Q, et al. Accelerated biodegradation of polyethylene terephthalate by Thermobifida fusca cutinase mediated by
Stenotrophomonas pavanii. Sci Total Environ, 2022, 808: 152107

Tang C, Wang L, Sun J, et al. Degradable living plastics programmed by engineered spores. Nat Chem Biol, 2025, 21: 1006 -1011

Zhang L, Cao K, Liu H, et al. Discovery of a polyester polyurethane-degrading bacterium from a coastal mudflat and identification of its degrading
enzyme. J Hazard Mater, 2025, 483: 136659

Fang X, Cai Z, Wang X, et al. Isolation and Identification of Four Strains of Bacteria with Potential to Biodegrade Polyethyl ene and Polypropylene from



95

96
97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

Mangrove. Microorganisms, 2024, 12(10): 2005

Yadav P, Mishra V. Comprehending microplastic pollution in diverse environment: Assessing fate, impacts, and remediation approaches. International
Biodeterioration & Biodegradation, 2025, 196: 105953

Ren SY, Ni H G. Biodeterioration of Microplastics by Bacteria Isolated from Mangrove Sediment. Toxics, 2023, 11(5): 432

Liu Q, Gao X-X, Li Y, et al. Microplastics stress alters microorganism community structure and reduces the production of biogenic dimethylated sulfur
compounds. Limnology and Oceanography, 2024, 69: 2702-2715

Cazaudehore G, Monlau F, Gassie C, et al. Active microbial communities during biodegradation of biodegradable plastics by mesophilic and thermophilic
anaerobic digestion. J Hazard Mater, 2023, 443: 130208

Lu B, Jiang C, Chen Z, et al. Fate of polylactic acid microplastics during anaerobic digestion of kitchen waste: Insights on property changes, released
dissolved organic matters, and biofilm formation. Sci Total Environ, 2022, 834: 155108

Wang S, Lydon K A, White E M, et al. Biodegradation of Poly(3-hydroxybutyrate- co-3-hydroxyhexanoate) Plastic under Anaerobic Sludge and Aerobic
Seawater Conditions: Gas Evolution and Microbial Diversity. Environ Sci Technol, 2018, 52: 5700-5709

Liu Y J, Yan F, Dong W, et al. Optimized whole-cell depolymerization of polyethylene terephthalate to monomers using engineered Clostridium
thermocellum. J Hazard Mater, 2025, 488: 137441

Tang K H D, Hadibarata T. The application of bioremediation in wastewater treatment plants for microplastics removal: a practical perspective. Bioprocess
Biosyst Eng, 2022, 45: 1865-1878

Kang M G, Kwak M J, Kim Y. Polystyrene microplastics biodegradation by gut bacterial Enterobacter hormaechei from mealworms under anaerobic
conditions: Anaerobic oxidation and depolymerization. J Hazard Mater, 2023, 459: 132045

Matyakubov B, Lee T J. Optimizing polystyrene degradation, microbial community and metabolite analysis of intestinal flora of yellow mealworms,
Tenebrio molitor. Bioresour Technol, 2024, 403: 130895

Bollinger A, Thies S, Katzke N, et al. The biotechnological potential of marine bacteria in the novel lineage of Pseudomonas pertucinogena. Microb
Biotechnol, 2020, 13: 19-31

Zhang Z, Peng H, Yang D, et al. Polyvinyl chloride degradation by a bacterium isolated from the gut of insect larvae. Nat Commun, 2022, 13: 5360

Pires C S, Costa L, Barbosa S G, et al. Microplastics Biodegradation by Estuarine and Landfill Microbiomes. Microb Ecol, 2024, 87: 88

Zheng J, Yang Y, Li Y, et al. Long-term effect of microplastics on anammox systems: From macro efficiency to micro metabolic mechanisms and antibiotic
resistance genes proliferation. Journal of Cleaner Production, 2024, 440: 141032

Niu L, Li Y, Li Y, et al. New insights into the vertical distribution and microbial degradation of microplastics in urban river sediments. Water Res, 2021,
188: 116449

Zhang A, Hou Y, Wang Y, et al. Highly efficient low-temperature biodegradation of polyethylene microplastics by using cold-active laccase cell-surface
display system. Bioresour Technol, 2023, 382: 129164

Huang Q S, Chen S Q, Zhao X M, et al. Enhanced degradation of polyethylene terephthalate (PET) microplastics by an engineered Stenotrophomonas
pavanii in the presence of biofilm. Sci Total Environ, 2024, 955: 177129



Microplastics: Environmental Distribution and Degradation by
Aerobic/Anaerobic Microorganisms

FAN JiaJun, YANG YangWenDi, JIANG LiSi", GUO LiXin, ZHENG TianTian, ZHANG Yang"

School of Life Sciences, Shenyang Normal University, Shenyang 110034, China* Corresponding author,

*E-mail: jianglisi@synu.edu.cn; zhangyang@synu.edu.cn

Microplastics (<5 mm), a novel type of environmental pollutant, are widely distributed in water, soil, and atmospheric environments. They
pose a serious threat to ecosystems and human health. Traditional treatment technologies, such as incineration and landfill, have drawbacks
like the risk of secondary pollution and low cost-effectiveness. Thus, there is an urgent need to develop green degradation pathways.
Microorganisms possess the metabolic capacity to decompose high-molecular-weight polymers and are the core biological components
responsible for microplastic degradation. Some bacteria and fungi have been demonstrated to be capable of converting microplastics into
environmentally friendly carbon compounds. The microbial community structure, metabolic pathways, and degradation efficiency under the
two typical redox environments, i.e., aerobic and anaerobic conditions, exhibit significant differences. This review systematically summarizes
the distribution and sources of microplastics, as well as the influence of their physical and chemical properties on microorganisms. It also
discusses the degradation mechanisms of microplastics by microorganisms under aerobic and anaerobic conditions, providing an important
theoretical foundation for the development of efficient biological degradation technologies and the formulation of microplastic pollution
control strategies.
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