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Abstract: Polyethylene terephthalate (PET) is a synthetic polymer consisting of ester bond-linked terephthalate and ethylene
glycol. Tremendous amounts of PET have been produced and majority of them enters terrestrial and marine environment as
wastes, posing serious threats to the global ecosystems. In 2016, a PET hydrolase from a PET-assimilating bacterium
Ideonalla sakaiensis was reported and termed as IsPETase. This enzyme outperforms other PET-hydrolyzing enzymes in terms
of its PET hydrolytic activity at ambient temperature, thus holds a great promise for PET biodegradation. In order to improve
IsPETase activity, we conducted structure-based engineering to modify the putative substrate-binding tunnel. Among the
several variants to the N233 residue of ISPETase, we discovered that the substitution of N233 with alanine increases its PET
hydrolytic activity, which can be further enhanced when combined with a R280A mutation. We also determined the X-ray
crystal structure of the IsSPETase N233A variant, which shares nearly identical fold to the WT protein, except for an open end
of subsite II. We hypothesized that the smaller side chain of N233A variant might lead to an extended subsite 1I for PET
binding, which subsequently increases the enzymatic activity. Thus, this study provides new clues for further structure-based
engineering of PETase.

Keywords: PET, IsPETase, degradation, X-ray crystal structure, N233 variants
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Fig. 1 The structure of ISPETase. (A) A cartoon model
(PDB code 5xg0). The catalytic triad and disulfide
bridges are shown as sticks, and colored as yellow and
amaranth, respectively. (B) The substrate binding
residues of IsPETase.
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Fig. 2 Analysis of the PET hydrolytic activity of IsPETase N233 variants. (A) Hydrolytic activities of IsPETase and its
N233 variants. (B) Hydrolytic activities of IsPETase and its N233A/R280A variant. **P<0.001 compared with WT

MHET, and *P<0.05 compared with WT TPA.
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Table 1 Data collection and refinement statistics of

N233A variant

PDB code 7CQB
Data collection
Space group P2,2,2,
Unit cell
a (A) 51.065
b (R) 51.246
c (A) 84.806
alply (°) 90/90/90

Resolution (A)
Unique reflections
Redundancy
Completeness (%)
Average 1/o(l)
CC1/2
Refinement

No. of reflections
Ruor® (95 % of data)
Rereel™ (5 % of data)
r.m.s.d. bonds (A)
r.m.s.d. angles (°)
Dihedral angles
Most favored (%)
Allowed (%)

Disallowed (%)

No. of non-H atoms/average B

(A
Protein

Water

25-1.86 (1.93-1.86)
19 219 (1 892)

6.3 (6.4)

99.3 (99.9)

25.3 (4.2)

0.995 (0.933)

19 170 (1 395)
0.142 (0.198)
0.192 (0.262)
0.010

1.493

98.1
1.9

1919/21.16
233/32.48

21 Values in parentheses are for highest-resolution shell.

BAREAE 113 R280A/N233A 58 A5 IR S 1A
g540 38 3 ZE MR R T2 I N233A/R280A XL
RPN ARMEMSETREE —-SHMET
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&3

ISPETase N233A R IFEHRHEHE S

R280AN233A model

Fig. 3 The structural characteristics of IsPETase N233A variant. (A) The crystal structure of IsPETase N233A variant
presented as a cartoon model. The catalytic triad and N233A residues of IsPETase are shown as sticks. (B) Structure
comparison of IsPETase WT (blue) with N233A (pink). (C) to (F) Electrostatic potential surface presentation of
substrate binding site Il in IsPETase WT and its different variants. The residues R280, N233 and their mutants are
shown as sticks. The electrostatic potential surface change in ISPETase and its variants are indicated with dotted circles.
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