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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

IR FR S Y AP EgR T AR ! SR
HDPE G EZiTE=02a Aspergillus flavus PEDX3 NR7e) [68]
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PE [N N Y e IR S il TEPETT R (AS) B SR AR Y T [71]
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PS e 1- N A B AL 5 B Gordonia sp. PS3 2H B [77]
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Table 2 Microorganisms producing lipases and cutinases, and their habitats and target microplastics
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N JB (Vibrio sp.) A% H T g AN FEREPV O AR H 7= A AN R s HR (AT =4,
PVC 5 fify (Alteromonas sp.)~ F} U KEH R RALFIREEE, BeRgiE /KRR A PVC o T4 [82]
(Cobetia sp.) W, BB AR
PCL G i AR e R QR (Burkholderia H 1 2000 S IR IR B PN S BB C- T I 1 i R [92]
" cepacia) SR BRI B, SEBUKAR
PCL S0 S B ZLEREED4(Rhodococcus erythropolis D4)  WiFH B FRIER TR FE 35 AR T PCLF REK MR, 2E [64]

i
PU i (Aeromicrobium sp. LTX1 and MLTX1)
PBS 15 LEEHIFEFB (Alternaria alternata FB1)
PP Jig i AEHT 1% )& GIB8(Acinetobacter sp. GIBY)

AT B LLERBERT(R. opacus R7)

S R EARLTX 1 K R A FRMLTX 1

BNV R A 5 T (R TER)
W B Ak B AR PU I SC BB 1) 9 PurH, 4RI Z )
e FE B A purh. ABEMLTX 1 MRS 56 K B B 1R [93]
BB, [ H BB AE R B R A — e PR B (O B
£ I BRE L K AR PBS e, 8 HE S o il 1 ,4-
T EEAIRIR, Wi — b2 50, K
Ff, 9P R T B A RN PBS Y B R T TR [62]
WA 22 1 B e i, AH R 26 0F R, A 0 B P4 AR PBS
REHEL, HAEFES h [T PBSH 78 45 iR

AL R IR R S VBRI 8L, 2 800 T HET R,

ARG T R P4

FADH,FIATP. Li%5 NPOVR I, #6405 67 4 5 (Pha-
nerochaete chrysosporium){EEfRIIFE T, @ik N A
MR RLRE Fr, 53 A BECYP450M, ADHA
ALDH%M WA, CYPASOMAERS AL C-HER I ML, Kkt
JEREEAL N M N IS, 2 ADHIEAG (G L HE— 25 Ak N
1, ALDHUK A W SRR (B TTIR), H&
B-BAIB I I R /NG TR, A i B I A 5 )
I, ZETCAYER, &AL &AM N A BCO M
H,0, ARSI AL e & AR

5 PRAFEL MR YR T IR i

5.1 FEARHLEL R S R 3R

MR ARG, AR R B R AT
R T ROKARTE G 5 A5 B X A T IR A A A U
HRPESREIA I, WA OKIR>200 m), 157Ki5
JE(ORP<—150 mV)5. PRAEEDAC R 3= BALHE K AR
Bty BRAGKY B G By, HART R B RA T

B AN CHNCO,. I 58 PR AR B N A2 . T
SR ALBE R A LA, T DR S R A ) I 5 iR
MR B REGY). IR i N AR T PR A 40 B
KRB . DR B 77 LR G 3 A R el )
SZPAE B U FIVE . R ) R AR B A mT
BN R I EM . YIRS S 30 B
JH A DYANIY B (K13). IRESAE DAl th B & 2R Rk
SER BTV, R AR SRR R SR THI. 5 0 PR SE M B P
AR AN R SV R L SROE RN SRS,
Ja SR MR SRR, ARV R RL R S,
WA S 1 (LN T I 5 AR A 0 TR I ) AR A R R ) vy
ST REMEE, VIR R 1 WAL, KB ER
GUIRT NIN T R BCECRAR . S S RS N
AU, MR RS IR IR R AS ORI HE AR AN
Sl EEREEAK S L-3-5 5 10k 4l A i S
SV K A B AR 2 B-E A A AR TR R A, 2
STCAMEFF AN L TAL 5%, 284 LATPAICH,.
TEPRESAMET, TR AP R A 5% 2 3 2 Fh
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Figure 3 Schematic diagram of anaerobic microbial degradation process of microplastics

RIR M, 7ERRE N RF(50~60°C)H, P&
W, INZERATE B (Bacillus)« 1 ZF fAF 5 8 (Geoba-
cillus) ) F FE T $&F+2~314%, HIENiM(lipase) BRBE(es-
terase) 5 KB R MR R IE L. M BEpHYEFE
7.0~8.50F, PR BRI AE Kl b, thah, Afbid )i
H1 A7 (ORP) & SE AL T —200 mV, 7] LAR {5 FLE AR 1 (4 I
FIHEAT, W0k BN B 5 7= FR e 1 i B R VE .
EAERERR, AR FEERE REIREE T W
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R E R DhRe RN K i R e 2 5T R
(23510 AR A R i Y e A T
WAKIEFERTT 1. LSRR 0 B IR E P A 15,
KangZs NI 50 R, RAKMET, T R # (En-
terobacter hormaechei LG3)FARIER) 2E M (Bacil-
lus amyloliquefaciens SCGB1)Fh & #k 7] %5 S PS4rF
KAFA, FEPSH B /KA (WCA)E E FK,
R K PERG g, g vEse . [EAEENE, LG3
Hh & T I A I S P R R I SR B (epx ) A o 2
A AEIE JRBFC (ahpC), 7E LU 205 EK (polystyr-
ene microspheres) NTRIEI FIL E 2% Fif. XL A AL
VIBHEAL PSRN E A, SIANFRIE, PRIESEEREM], (8
PFLG3RENEIE KA S5 A K4 AEPS. Pires A7k
B, FERE AT B (Coprothermobacter sp.)7 i BaE B 12
)% 5 & W BE (polycaprolactone, PCL)X & Y5 1 g
B, R A FEVE KT (Coprothermobacter  proteolyti-
cus) 73 WA FAKE E FIBEH -l g W B A Se I I PCLAE H i)
SR H R, E B4 IR AR D 0 KRR R

F 3 OREFEBHIEE MY

Table 3 Microorganisms capable of anaerobic degradation of microplastics

PCLAE R FERIEM6- 2RI O, 6-FF CIRE — RV
WBE(np-SE 0B R) A R A BERERA, 285 HEANTCATE
W EREAIE T, BEH S HEEm IR G, &4
P N CHLAICO,.

TERED R MENLEI R, Thie = M A% O /E B 22
R IRAE G B4 SV P AR 2R 5 TR B A M AR i 12
XTI, LRI HOE R A AB], Zheng®s
NS s e B A M R B, AR AR LR S 2,
TR A A A B S5 E PR A O RE R ) = B, 7EPLAHE
I R3.2~5. 765 1) _EiE(P<0.01). X FELREE R
AT Rl AU g A SRS, K PLAS )
G E ZRRIGIE.

MatyakubovAlLeel' "% Bl 4 G4 2 il 5 (Pseu-
domonas aeruginosa)?f)j_i/fh%ﬁ:—l:ﬂ PAZ 5k
T8RO G I B AR AR, SRR AL S B 1 AR
&P FEIVE ARG 1% 056 v] REE I AR 2R B o 4-
FRIR LR G-HPA W 2P RS 5 AR, 4-HPAE—
B EHpdBCA R SR B (FH hpd BCATEN T 9w i) I TE ]

TEED) R AL 1 MR ZEIR
i o _— AREEA S AR BN, B 5 PLAK A H
BRI T ilimerobiun MBI i, ik fE T, TPSRPHBITIGREE (LY PR, Bl PLA (9]
f#F, PLA, PHBAITPS AE7EHUHT N 1] P 3 %5 e Kt i 7K~
T eptococeaseae). FOEREHAIA. BKIL S PIERAC . AL T
” P! ARG LT REFE A A FFEEE R LA, Hop 2 R is iR PLA [99]
R R R R LD i I
(Clostridium sensu stricto.7) e
W J& (Enterobacter) R 538 1 J& HEI AR P9 AT 58 PHB SR P2 BE IR I R i e SR B TR, 4 i) PHB (98]
(Cupriavidus) fit T fE AL PHB F P i
FE 42 B (Cloacamonales)Fl #4448 B H AT BEATLE AL SR R 5 R 7 TR T A7t S I 1) /K e il DA B ™= R el 2 PHA [100]
(Thermotogales) AH IR ) 3 B
i B T LA ZK A T 7 15 4 IR DR i,
INEF R B (Caldicellulosiruptor bescii) I R AR SSOE AT AR B, (6 I 20 o] i AL PE T TS S /K A PET [101]
FILCCRILCCAE A
JE I 2 R TR B AR M TR ES(LCC) F A\ Clostridium ther-
M B (Clostridium thermocellum) mocellum™, i Hid B RIE LCCHE. LCCREMSRF 7 1R B FF /K i PET [102]
PETH g4, 2t H /R
P . Z: 5 B A 1B LS B R I A B (tpx), ek S A AL IE 5
& IR T 8 (Enterobacter hormaechei LG3) HEC(ahpC) F4H B £ 2 11 35T 25 F1 (bep) PS [103]
TE R EAT 0T ARl i 2R 208 55 E A — 28 R AR A% P A
e g " . PS, WK HINERG . BEEE . AEEAEER S, PR e
Hi S4B 5B B (Pseudomonas aeruginosa) KA. LR, LW 2T HCO0,, bk i PS [104]
P8 2% % FR T BB )
Z FLRP I (Pseudomonas pertucinogena) S BT AR R AR PE [105]
5 {1 F FIEMBL-1 (Klebsiella sp. EMBL-1) Z AR RE W A A S L E A, BRAEPVCH &R R AL BVC [106]

BB 5, A 2- T F O RIS S5 SR A i~ )
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VA S GlBRL: IR ) A 3 4 S8 PR 10 B i

R AR pi4- H R ORIy, [R) N AT 48 SR A S S AR R4 -2
7R RN 4-F2 8 IR AE b [B] =4, XA im it
Z 5 = RBIEA F BB L 3B, A LLCOF TR
FERAT AL, FLBE M R AOUR E 3, H SRR AT
B (Citrobacter sp.)« . 1 (Klebsiella sp.)Z At
TE U AE T AR B 7] 10X 245

FHECHT AR, RE AR ICEDRE 0 DR S8 0 B b 2R 5%
b HEZHE ST T AR, 0L S8 Bk A 1)
MARESHE. HOWEY, WL EMicrothrix)f
X K (Gordonia)® " 'E i A4 S X PLAFIPCLY
I 2 PR R A, BB 2218 £ R IR & (Halomo-
nas)!" OV HE S WA I (0 K PASO PRI AR, MEAL IR IEAL AN
AR, A AR TR Z DU R
VRIS, (RFRMERE ) M AR 7R M BV B H
(Cloacamonales)-5 ##3 # H (Thermotogales)!” [ [ fi#
I, H 7R EAEUE K S A N EAT. RR 4k B2 90 e
P fR s R AR BA, X T 22 BRI R R AR
HATYIMLAIT 7T, PR PR A4 T 2 R AR R 7T,

6 B PR AR B A B I BR

T I e R g 5 NN SRR S, TORE B ik T
AR A AR, Zhang®5 A0V BT ARB A L
VK% B AN (InaKN), MG ¥ T (Psychrobacter
sp. NJ228) SR HUA TE MR B PSLACI 3 Kl pslac, In-
aKNYjpslac. IS TPtk A, i ApET-28a(+)Hi 14,
W HpET-InaKN-PsLAC. ¥4 FURLEE N K HF B (Escher-
ichia coli BL21), ffii3k1g LR BL21/pET-InaKN-
PSLAC. AEYMER LR, 15°CH, 1% TRE R E487)
iF PO X PE R B K 48.0%, 144/ 514 $166.0%, {E
IR X PERE R =2 B4 B /7. HuangZE A
168 Tt DA TR O AR W TS 3R 5 PR B0 L o R B
M (Stenotrophomonas  pavanii), 1 3id &R & FiE
PET/Kf#l§DuraPETase, 23 & T4 %} &1 45 it FEPE T/
MR FRRE S, TRN TREEEG1-PETE =PRI
I3 I911.03 pmol/L(H K 7K), 9.87 umol/L(I7K),
8.21 umol/L(¥#E7K). RIE 7K rh i) vy 31 5 4] 1 4
3% M AR, G1-PETXPETHER = MR
B T8 AR FEIRIWG-G1(0.16 pmol/L), 784> % B
e K TR B ARG 1-PETHIBE AR 2R s . B LA
PRG1-PETANBE 58 4 R UTPET M MR ™= A A &I P4, 1
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TPAMIEG, X1 g2 il £ B AR, Liuss
NI P 35 [R] T st 2T 42 T (Clostridium thermo-
cellum), 8 I ¥e A3 HEHE A7 )5t B (leaf-branch  compost
cutinase, LCC) [ AR (1) 5k DA 52 & 31| P42 T 1 %
ARDNAM, % RS BCERIALCCH LR w k. X
PLRSRLCCO LA, 18 & E i LAEXT LCCRIRT BT
MOHATRAZ, LCUTH218SRAL , F222IRAE K F24315¢
A%, $&%5 T LCCX PET B B v 1 A ke e . Horp
LCCAARF2431 % & 4k | MR SRAEIRH], 10 R NTPAS™
2ik60%, aEFAERLCCHI3ME. (A TPETHR IS
AR R AE LR . ORESRMEYIR, SRR
pHFE25.6, W3 FRRHIETE S fase vk, #0404 K.
XU R TR B BRI T T PETAR R AL, Wik 1
TR 77, ABAESEFR BRI EE, LCCAR A 1 %
fif e ) BRVE 2252 B H SR EE b &R R 25 B ). itk Ah,
I BRI R IR LCCAR A, R Al HH I B AZ S K] 2 8
&, FEERARRIEKEAEE, TinmiiERgERr
R FRE RIS,

FLFEHOIR 2 FFF B (Clostridium sp )Y, BRI
DR T 00 J 0O 2 3, AR s A Ak s e, (RT3 A T 58
=B, BN EERE A L. Bk, BEP AR A
FEAEIREE RS, U A AE AN 1, — BENE
SRIAEE, TTRE BT I MR 2 Rl (0 9 A DuraPE Tase )
FLDRN FT Re 2 B B PR A R AR GIAE AR A, SR IX
SETR AR P AU BE 77, 30 T 52 0 A T AR TS i
Fefp el bae /. X PR BN % # m e S BUR AR I RE VR
SEMIFNDIREMI R, X AR 7S R G0 P18 7= A= 1 AR 52

7 RE

JUANTEL UK, SEBRHERRE . IR A
B AR, [ AR ERAI A REAEINC-5 = W B9
BNk B BUR A R R S RS et B E B 2%
2y, [ — RN, SRATIRER R —BE
W, SEEERHGRaBIRER B R. FRERT, i
ERRHS G % A R RERAR SE s Mt e Btsh, H
I FE R Z X B SRR 58 rh Sl R BV S 5 R AR
HAF B IZh S . X BAT B g 2 e i
IR BUR 2 Mo, i P e S e R g R PR )
HARThREFEAIIRG. RS RS IR A R s 12 2 e L
I AER W 71, H TR0 ST sh A I AR T B
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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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