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Abstract: Plastics are widely used in human daily life, which bring great convenience.
Nevertheless, the disposal of a large amount of plastic wastes also brings great pressure to the
environment. Polyethylene terephthalate (PET) is a polymer thermoplastic material produced
from petroleum. It has become one of the most commonly used plastics in the world due to its
durability, high transparency, light weight and other characteristics. PET can exist in nature for
a long time due to its complex structure and the difficulty in degradation, which causes serious
pollution to the global ecological environment, and threatens human health. The degradation of
PET wastes has since become one of the global challenges. Compared with physical and
chemical methods, biodegradation is the greenest way for treating PET wastes. This review
summarizes the recent advances on PET biodegradation including microbial and enzymatic
degradation of PET, biodegradation pathway, biodegradation mechanisms, and molecular
modification of PET-degrading enzymes. In addition, the prospect for achieveing efficient
degradation of PET, searching and improving microorganisms or enzymes that can degrade PET
of high crystallinity are presented, with the aimto facilitate the development, application and
molecular modification of PET biodegradation microorganisms or enzymes.

Keywords: polyethylene terephthalate (PET); biodegradation; degradation pathway;
degradation mechanism; molecular modification
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Table I PET degrading microorganisms
Microorganism strain Substrate Time (d) Temperature pH Weight loss (%) References
)
Priestia aryabhattai VT 3.12 PET powder 18 30 / 69.0 [26]
Bacillus pseudomycoides VT 3.15 PET powder 18 30 / 66.0 [26]
Bacillus pumilus VT 3.16 PET powder 18 30 / 64.0 [26]
Microbacterium oleivorans JWG-G2 PET particles 5 25-40 6.0-9.0 1.0 [27]
Bacillus cereus PET granular 40 29 / 6.6 [28]
Bacillus gottheilii PET granular 40 29 / 3.0 [28]
Ideonella sakaiensis 201-F6 PET films 42 30 7.0 99.0 [29]
Penicillium simplicissimum 282 PC-PET 28 30 / 3.1 [30]
fragments
Aspergillus fumigatus PET bottles 42 25-45 7.0-11.0 22.0 [31]

simplicissimum 28f2), H: /1 J51 R 3 %% (Penicillium
restrictum)X} PC-PET [ JGHH I AR, T 147
% (Penicillium simplicissimum) 282 F 30 °C/x
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CO, Fl HoO BEEIFFEE . Gao ST At 1
MURF I B BE PR TR VR AN TR T HE CAS6, I A rh 43 25
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[E] =% MHET HA —& K Mae S, nhgid
WAL % MHET X PET [ i i 40 il /6 .
Bollinger 21 AT 20 T 115 A2 7 (Pseudomonas
aestusnigri) VGXO14" fr % 1 A i a8
PR Fis K il PE-H, 30 °C/ZJv 48 h, ny=ig
(4.2£1.6) mg/L MHET, iF B B fig fil§ v] {17 5 5 At
PET 1% JCE A X 5

FRAE T B 107 RN G T 55, o o i T D 2R
HIAETER Y A Bs g e, T PET /2
FH TPA Fl EG il 23 B K 46 6 SO 7 AR R G H
IEAFE A VRN AR R, i, ik LM
JRAEXT PET B MEMRE PEAS m . BN, Wei 217
AR B 2 74T 1 (Ther mobifida fusca) KW3 114y
5 ARG B EE 4 £ R TfCut2, 7E 70 °CHI pH
8.0 MR 21F F¥HE 96 h, ffi PET G4kl
i MR 50%, XFFICE R PET Wi nl 7F
5d NJLP52 2B AR . Ronkvist Z5544%} 3 Fhf i
it ¥ 5 J6 i 2% (Humicola insolens) HiC. ] £k
5% 24 Jitd T (Pseudomonas mendocina) PmC F1j
Rz 4 71 7 (Fusarium solani) FsC XTIk 45 5 2 (low
crystallinity, lc) PET (7%=£0.5%) il % %t B[]
(biaxial orientation, bo) PET (35%=0.5%)F [ fi#
BORMEATIFSY, 45 EoR, HiC Xf 1c-PET Ay
AiE MR TR ER . 7E 70 °CHl pH 8.5 ST
SV 96 h, 1c-PET JLT- 58 28 A% (97%+3.0%)
FsC 1 PmC 7E 50 °CHl pH 6.5-9.5 &1 F e
N 96 h KB KIEPE, {15 1c-PET (98 ity />
5%+1.0%, TEAH A A9 s 55, HiC X} 1c-PET
[R5 5 T EE DA 55 °CH i 31 70 °C, HiC YK fifg ik
2L PmC Fl FsC (7K R34 1 7 /%, B ik,
421 PET BUEHALIREE (70 °C)lf, HIC BB
PREFES R TS, 1T U A 850K i PET . 7638
ME AR, HiC. FsC Fl PmC #8244 1c-PET
56 R AT /Ny TPA Fil EG [ RE

HATE B K PET R K ZE07E 40-70 °C
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RS, 24 VR AR PET SRS ALIRE (70 °C
7e47), PET [ EL A B 25 1 PET FA S 11,
RAE AR S50 T HA 3 v R A 0 1k HLRE S [
fift 25 ShE PET (AP mg it A ™. H
2016 4E, Yoshida V& 3 M AD Ideonella
sakaiensis 201-F6 H1 /3] PETase, fE 30 °CH
pH 7.0 B4 F [ 18 h, W% PET JL-F-43
i Avk MHET, [FIB}R%E 8 T 2 Fhig
MHETase, % MigE#E— 24 MHET /K g S i
TPA H1 EGPY, i1 T PETase %} MHET 5% 045
/I, BTk MHETase #{iA k&858 24 %
PET AYCHERE, PETase 7F 30 °C4{4f T X} PET
VL FBE 114 o iR 0% e v T LA R el ELX R 4
fnf¥ PET FREUH A B B 47 i dERE . BLAk,
i1 PETase A1 MHETase #4) il i) X {4 2 X%} PET
SR R R 143 1) TFH  FsC AT LCC 1Y 120,
88. 5.5 f5°), WIOL, XUEEA R A ESA PET
B A W R AL T BT LB . Sagong ZEPOI N IE
HAT I (Rhizobacter gummiphilus)4 4325 H 1 1 F#

* 2 PET [£fRfs
Table 2 PET degradation enzymes

Bl PET /Kf#fE RgPETase, %M HAT 251
IsPETase WK TG, XHIKZE LB PET HoA B
R IE TE, EL R4 A PET th A —
FERDKRRIETE, XS | MEERIME T HSA
5§ IsPETase 251, PET R 16 PE AU /K i B , & X
ST HAD PET /K fif g, ZEARIE S8 T X s 45 i
JE PET HA % YRR TG

i b prik, HATCHGE W PET K fis v
Tl AL, Rk, WEERSMERETA
RE AR HEREMEAE R, MELAZESEBR I 2 i,
HILFJCH: i = 465 A B2 1 PET Ak, RET
A WS A A RO EE R PET BRAERE,
{H2 56 F X 7 TH IR b TR 5 B B, HHG
PIF SR RIE R D . AN, TCHRGER PET R 7RG
FER A T AR MEY SR AR AR 99%
DL ER AP R AN AT R SR 1Y, Xk R AR PR
WA B K8 155 05 i AT & RIS, B,
T B H B RTEFZ Y8 B A PET R 15 14 1) i 784
Bt 7 T A HIE . 0, Sulaiman 484H) 22

Enzymes Source Substrate Temperature Time Weight loss References
49 (YR L))
PETase Ideonella sakaiensis 201-F6 PET films 30 42 >99.0 [29]
BsEstB Bacillus subtilis PET fibers/fabrics 30 8 / [41]
PE-H Pseudomonas aestusnigri VGX014"  PET films 30 2 / [42]
TfCut2 Thermobifida fusca KW3 Low crystalline PET films 70 4 >50.0 [43]
FsC Fusarium solani Low crystalline PET films 40 4 5.0+£1.0 [44]
HiC Humicola insolens 7% crystalline PET films 70 4 97.0+£3.0 [44]
LCC Fosmid library of a leaf-branch PET films 50 1 93.0+1.0 [45]
PES-H1 Compost metagenomes Low crystalline PET films 70 1 >99.0 [46]
PHL7 Plant compost metagenomes 5%—7% crystalline PET 70 0.75 >99.0 [47]
films

Variantsof ~ Thermobifida fusca KW3 Low crystalline PET films 70 2 25.0£0.8 [48]
TfCut2

CALB Candida antarctica PET bottles 60 14 96.0 [49]
TH Thermobifida fusca DSM43793 Low crystalline PET films 55 21 54.2 [50]
Cut190 Saccharomonospora viridis AHK190 PET films 63 3 27.0£1.0 [51]
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9 93.0%+1.0%, HREMIE TS T84 A1k e i
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JE i et 2 FhOAE LAY FE B PET UK i
(PES-HI1 #1 PES-H2), 1 PES-H1 7E 70 °C'F
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i B BTG AE 7 PET A4 RLE 46 5[] 9 LT 58 4 i
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AR Tz R . Fln, Qiu ZEPUFI
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RN IK R XtjR8 I Estl6. X PR 45\ -5
R BLR 4 SCPE PR R 1 R B TV VS RERY
LFEZ N, PINERORI 7 R A R A - 1 S
RIS T 1 FhBRRE RS 2 SR (polychlorinated
biphenyls, PCBs) 87 AU bphCA . KL, AR AT
I 7 6 DR 20 B AR TR T 8 AN AT 85 3R 2 W s A%
BEUE T I L EAZ I Z B B PET R ff 1

2 PET WAMHER®RE

T PET J& T RAFREW I EHEEA
RN, FTLLCSRUE YRR PET B, w5k
F A W 43 0 ) L B AR R PET R AR K
PEANG T, SRS T RS 30 e o A A P o — 2T
FERK AR PET AR YIRS N 1 FR,
PET 7EMAE Y70 i i MU S PETase [I/EF T 7K
fift R R WUE R (BHET) . XK — iR
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B2 ZFE(MHET) . XF 2K H R (TPA)Fll & %
(EG), T a4 MHET #1 BHET f4E 8i2s
P PET MOREAR, DNILFTEAE PETase MTERT
% BHET [%f#% >~ MHET, 1fii MHET 7£ MHETase
VE T 20K fift il B4 TPA 1 EG, Hirh TPA
Wil TPA #5325 H(TphAabe) it AZHHE, 7E TPA
MUIMAA BT b 1,6- R O -
2,4- s R PR IR (1,6-dihydroxycyclohexadiene-
2,4-dienedicarboxylate, DCD), £#H# 1,2-—5%
F-3,5-F8E M- 1,4- R W i A W (TphB) i —
- E AL K R LS R (protocatechuic acid, PCA)Fl
CO,, PCA Fifiid PCA R (AroY) = A LZR
1, 7E LS 1,2- 8048 B (Cat A) I VE T F % 4k
oKL BEBR (muconic acid, MA), MA W] i i< K5 BE
iR 71 St A g (CatBC)FE A6 B-M O — R 475 B 1N
Wi, - O R A 12 A i 7K i Bl (ELH) iF — 25
EeAb Sk -MHC R, feZGlid B O R BRI
WEA I A S5 R (TR) . B-H C —WEAH A A 5717
M (THH S0 S TS A 3EA TCA &3,

W AR A CO, HL0 S5/Nyr T4 i
L WE(EG) & PET FEf# 2L FE 1 BR TPA Z A 25
284y, HaA A R E 2L, EG AR
WHR R B N OB LB A R 42
EG 7N B K i (PAduCDE) A i AL T i 7K A
L, SRIGTE CoA MO A T it &0 il (PduP) Y
AL T U — A oh QB 28R  EG B etk
PedH/PedE . Pdel/PP_0545 flit & fili B Ak i 2 Bk
(GLA), T2 E LB (GleDEF) 26 A s i 2
MRS CWETR , CRETRE 1T 2 R i AL T
(Gel) A= B A BRI, 58 5k 74 T 92 7 440 1l (Hiy
(VPG A TR Y T A R S N R R, P 2V A TR
R IA i (GIXR)FE AL A MR , i — 2R
BeAv b WA EE A, B & UE A =R B A I
(tricarboxylic acid cycle, TCA), £ {bAEHLER,
CO, . H,O 25 HAth/ N> T4 SRR R PR 455 13001
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Figure 3 Catalytic mechanism of PET-degrading enzymes .
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