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Abstract: As biotechnology advances, biodegradation of polyethylene terephthalate (PET) has
emerged as an attractive strategy, promising to reduce the environmental burden caused by
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waste PET. Among many PET hydrolases, PETase from Ideonella sakaiensis has become a hot
research topic owing to high specificity to PET substrate. Based on the structure and function
of PETase, this review summarized modifications of this enzyme in recent years to improve the
degradation activity, thermostability, and adsorption of the enzyme. Moreover, we also
introduced the secretory expression systems and the cell surface display of PETase, as well as
the application of the PETase together with MHETase. Finally, we summed up the challenges
in and possible solutions to plastic biodegradation. This study is expected to provide a
reference for promoting the practical application of polymer biodegradation.
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Figure 2 The complex structure of IsPETase
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and ligands' ”". Detailed interaction network in

complex structures of IsPETase® 22951004 with ligands (A) HEMT (PDB: 5XH3) and (B) pNP (PDB: 5XH?2).
Ligands and amino acid residues are shown in sticks; Distances less than 3.5 A are indicated by dashed lines.

FER—TTAEF, Joo 2L it 43X Fitii
T PETase 5874 4 A~ MHET 20 TR
2-HE(MHET)4[(2-hydroxyethyl-(monohydroxyethyl
terephthalate),|IZ5 AR, —HR{AFRIE Serl60 1E
A% E R TR A B - IRYIEs 5L
STERERE FIR R — MR K LT 1 48
(B 3)o WA T ARSI FIEER LS & 1 A
3 /> MHET 3£, WA 1T H Tyr87 F1 Metl61 21
BRI, 67 T e I T A e TR A ) 4B 5
FU Trp185 FRIL S HT—ATRIRTE A I X ThiHE
L, Met161 F1 1e208 i 73 AAEALA T ICHRFI
MR As KRR B2 —1 MHET 945G,
A ASITE A FTAS A 5 T B, Bk, E—
A4y Ala, b Fille =#K53. WAL RIS Y 73+

Z a4 T2 FUKAT AR S ARE , 7EEAL
Ale AR MEERRSS .
BR T rRHEZ AL, AR B 2T Kk

it SR Nk 5 S IRATEE ) PET /K i g ) 4 £k
BLA, 4 ) 2 5 3 71 27 B4 (molecular
dynamics, MD) ™ DA X} B £k Jz b H - ) s
BN 2 AT R R, B AT 1% PETase 1Y
AL HLEERY . 3 H, MD i n] DIt H PET

G R BBES A b SIS E R, DL
Bt 5 057 1 45 PR JEC ) 1) S R R 5 A T 920

<l actamicro@im.ac.cn, 010-64807516

P, SR RIS B B S AN 4G S B ke (i B R ik
A LR o 7T S BB T H R 25 5 i R
SR AT SE 7% S8 X e G A WE 5T, AT Sy
PET /K fiff il 5 A8 1A (1 PR THIIF TR SR A4 14 HlE

-
A89” /
T8S. \ N241 ' L 1 S245

N244 &346 R%'g()

/-. v
s oI TR

S . %7 1232< o

542 G243

R Aavirt :
“W1gs 1208 D206 N233

El3 IsPETase PR SIS (PDB: 5XJH)!"
Figure 3  Substrate binding site in /sPETase (PDB:
5XJH)!"®). The residues of the substrate binding site
are shown with sticks; The red dotted line
represents the substrate binding pocket.
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Table 1  Site-directed mutants of PETase with improved degradation activity
Mutation PET substrate Degradation activity® Assay conditions Reference
YS87A Drinking bottle 3.1 30 °C,pH9,48h [24]
Commercial PET film 0.4 (18 h); 0.5 (36 h) 30 'C,pH09, 18/36 h [16]
PET film 0.1 (TPA); 0.8 (MHET) 30 C,pH 9,42 h [15]
R90OA Biaxially oriented PET film 1.4 30 'C,pH 8.5,48 h [35]
L117F Biaxially oriented PET film 2.1 30 C,pH8.5,48 h [35]
W159A Drinking bottle 1.3 30 C,pH 9,48 h [24]
Commercial PET film 0.2 (18 h); 0.2 (36 h) 30 'C,pH9, 18/36 h [16]
PET film 0.1 (TPA); 0.2 (MHET) 30 °C,pH 9,42 h [15]
W159H Drinking bottle 2.4 30 °C,pH9,48h [24]
Commercial PET film 0.5 (18 h); 0.6 (36 h) 30 C,pHY, 18/36 h [16]
PET film 0.1 (TPA); 0.1 (MHET) 30 C,pH 9,42 h [15]
1208F Biaxially oriented PET film 2.5 30 C,pH 8.5,48h [35]
A2091 Drinking bottle 1.3 30 'C,pH9,48 h [24]
S214H Drinking bottle 1.9 30 °C,pH9,48h [24]
S238F/W159H PET film 2.7 30 'C,pH7.2,96h [18]
R280A Commercial PET film 1.2 (18 h); 1.3 (36 h) 30 C,pH9, 18/36 h [16]

a: Ratio of value of the PET degradation activity of the PETase mutant to that of the wild type.
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Table 2 PETase mutation sites leading to improved thermostabilities

Mutation Molecular mechanism AT,/ C Reference
P181A Hydrogen bond 0.5 [41]
S121E Hydrogen bond 7.21 [41]
D186H Hydrophobic interaction

N246D Salt bridge (S121E/D186H/N246D) 11 [42]
N233C/S282C Disulfide bond 14.1£1.3 [43]
WI159H Hydrogen bond 31 [37]
T140D Hydrogen bond

1168R/S188Q Hydrogen bond, salt bridge

A1801 Hydrophobic interaction

R280A Hydrophobic interaction

S214H/L117F/Q119Y n—7 interaction

G165A Conformational entropy

WI159H/F229Y Hydrogen bond, salt bridge 10.4 [44]
K95N/F2011 - 5.1 [45]
P181V Hydrogen bond (HotPETase) 34.4 [46]
S214Y T—T interaction

N233C/S282C Disulfide bond

—: None.
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Figure 4 Residues associated with the stability of the f6-B7 loop of TfCut2 (A) and IsPETage®! 2! F/P186H
(B)[41]. TfCut2 (PDB: 4CG1) and IsPETase® ' F/P186H (PDB: 61J4) are shown with blue and pink colored
cartoon models, respectively; Amino acids at the mutated site are shown with sticks; Hydrogen bonds are
shown in black dashed lines represent; Black sphere represents the water molecule.
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Figure 5 Comparison of local structures of IsPETase"™ ' (A) and IsPETase™>**® (B)*Y. IsPETase™" (PDB:
5XJH) and IsPETase"***® (PDB: 6KUO) are shown with green and slate colored cartoon models, respectively;
Arg280, Asn246 residues are shown as sticks; Salt bridges between residues are indicated by black dashed
lines.
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