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Abstract: Polyethylene terephthalate (PET) is one of the widely used plastics, but its waste
pollution has become a global environmental issue. The discovery of polyethylene terephthalate
hydrolase (PETase) has provided a green and environmentally friendly approach for PET
degradation. However, PETase produces intermediate products that inhibit the enzyme’s further
activity, leading to a decrease in enzyme efficiency. Mono(2-hydroxyethyl) terephthalate
hydrolase (MHETase) works synergistically with PETase to further degrade the intermediate
product MHET into ethylene glycol (EG) and terephthalic acid (TPA). MHETase exhibits
extremely high specificity for MHET and is crucial for the complete degradation of PET. This
article comprehensively reviews MHETase from various perspectives, including its
three-dimensional structure, substrate binding, and catalytic mechanism. It demonstrates the
structural features and key residues associated with the enzyme’s degrading activity and
discusses the progress in enzyme engineering modifications. Additionally, the study envisions
the development of a two-enzyme PET degradation system by combining MHETase with
PETase, aiming to provide valuable references for designing and developing more efficient PET
hydrolytic enzyme systems.

Keywords: polyethylene terephthalate (PET); mono(2-hydroxyethyl) terephthalate hydrolase

(MHETase); two-enzyme system; plastic degradation; biodegradation
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Figure 1 The process of PET degradation by PETase and MHETase.
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4T MHETase [t iAZ5 1005 B . IKWZ G5
o ARG RS, RN T I R A 5 e 1 DG o
BRALFNGEAGREAE , TR0 AR 1 i TR 2 A
FYEREIMIFRUERE , FFXT MHETase £ A ifi 52 28
HEAT LR W RS A S A T T R

1 MHETase L & MHETase-like
Hy 551

Hwi, 2 H %454 84 2 (Protein Data
Bank, PDB)H L4 9 4~ F MHETase f¥ fhiAksl
H, HAf& T 54 MHETase SHECAE AR
aniARZERE . 3R 1 IR 2 435845 T MHETase ()
AR SRR PG MBSO . 2019 4, Palm 4502
HIRMEHTH ISMHETase Z5f(509E%: 2.0 A,
PDB &5 : 6QG9), MHETase [ 2 ~%k5 #4155
N 22 S FRK A B SR Y o/ 7K A kR4S g
(MHETaseHyd)LA K o BRBEHT 225 HA 1) 5 T2 FA3,
(MHETaseLid) (& 2). H Asp492-His528-Ser225 4

WAL =R L R i Gly132-Glu226  F- 4%
e i 2 L A B B T o/ B-K i il
gER (B 3A), MHETase ()35 15 T
o/B-IK RS AIRAT S0 B BE 7 A1 o-BEE 15 2
], KRAGE T 240 1R, HHAD o/B-/K A
ST AT 140 AVFRIE . xaE T4 o5
TIGPENLAT, FFAN 1 M5EF, Knott 25N
3B AR TS R B A R A
BHIEIRE

MHETase %% {4 25 14 525 L] T Bl 20 1k 1k
fifg, 5]k Hh 25 (Aspergillus oryzae)ft) 2 Fhfaf
BMENE Y (FaeB, PDB &5 5. 3WMT #16G21).
EATHA — L = BIRH A5 (6QGY .
$225-H528-D492; 3WMT: S203-H457-D417;
6G21: S169-H421-D381)FIAH{ELA) & BH &+ 5%
H(6QGY: Glyl32-Glu226; 3WMT: G125;
6G21: G91), [RIBA—X i (6QG9:
C224-C529; 3WMT: C202-C528; 6G21:

#* 1 ISMHETase @A LEHER
Table 1 Information of crystal structure of ISMHETase
PDB code Substrate Structure of substrate Resolution (A) Reference Year
6QGA  MHETA HO~ 0 2.10 [52] 2019
0/)_6_(01-1
6QGB  BA O 2.20 [52] 2019
I on
6QG9 None None 2.05 [52] 2019
6QZ3 Fully occupied benzoic acid O 1.60 [50] 2020
I %on
6QZ1 Partially occupied benzoic acid @_5 1.70 [50] 2020
OH
6QZ2 None None 1.90 [50] 2020
6QZ4 None None 1.80 [50] 2020
6JTT BHET HOhg _ o 2.51 [53] 2020
o9
—OH
6JTT MHET intermediate HO~ o _ 2.51 [53] 2020
OM"’SUDS
6JTU None None 2.10 [53] 2020

BA: Benzoic acid; MHETA: Mono(2-hydroxyethyl) terephthalate; BHET: Bis(2-hydroxyethyl) terephthalate; MHET intermediate:

MHET forms an ester bond with Ser225.
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C168-C422)i%H: T H B 5 A AL T BE Y His
F1 Ser FRIEFTTERY) loop XIH, Frf X LeskILAR
LT KREELE A I, L, T R IR 25 74 A0
L, ofB-7K 245 38 o S A, B
MHETase 3 45 Z T LA 45H (&
3A-3B) v Ak, MHETase HIAEAL =B iA
PRSI R, —X T H R AL AR I Ser
M His [EEFE—f, 76T B 50 5t o2
PRSF I (>80%)P ) SRTAT, WA B e 4l 22 S AR
K, mFEEMEEAHEARRMYTEE 3A.

%2 A [EI%kIER MHETase 2 H MHET [&f#&E

3C)**1) PETase 55 MHETase XJH, [AlFEEA
e BEAR R M A Al Al da, A SRy A b =15k
R4l & itk 45430, {0 PETase BEHA = K
bR F M HL AT, T MHETase NI B H B A 5]
FIFR PR AT HL Ay 3 Al . S E B )&, PETase #ik
DT SRR S T A, I RIS A
R EERBEIN, AN T H RS FIRYES
(Kl 3A. 3D). Knott 20 MHETase f35 145
Pl L, AR L 3E”MHE Tase, [ B
MHETase A5 R BL(Gly251-Thr472)%: e

Table 2 MHETase from different sources and their MHET degradation ability

Name Source Substrate aa Keat Km Viax K/ K pH — Temperature References Year
identity® (s’l) (umol/L)  (umol/ (umol/ (°C)
(%) (L-s)) (L-s))
MHETase"™" Ideondlla MHET  100.00 27.60+ 23.17+ 0250 2.17 6.0— 1044 [50] 2020
sakaiensis 2,60 1.65 + 9.5
0.050
MHETase"" |.sakaiensis MHET - 31.00+ 7.30+ - 425 - [35] 2016
0.80  0.60
Secreted- |.sakaiensis MHET - 7.61 3.77 0.011 2.02 - - [54] 2022
MHETase”
MHETase+ |.sakaiensis MHET - 727 17.10 0.018 043 - - [54] 2022
Tipl*
MHETase+ |.sakaiensis MHET - 534 12.60 0.016 042 - - [54] 2022
Cewl12?
MHETase+ |.sakaiensis MHET - 4.62 11.18 0.014 041 - - [54] 2022
Cwp2?*
Lidless |.sakaiensis MHET - 0.05+ - - - - - [50] 2020
MHETase” 0.03
Lidless |.sakaiensis MHET - 0.06+ - - - - - [50] 2020
MHE TageC24V/C29F 003
Mle046 Celeribacter MHET 4690 80.87+ 2638.00+ 2.952 0.03 6.5— 10-60 [55] 2021
manganoxidans 15.84 797.00 9.0
Mle288 Saccharospirilum MHET  38.60 - - - - - - [55] 2020
Mle800 Marinobacter MHET  31.00 - - - - - - [55] 2020
Mle267 Pseudooceanicola  MHET  29.30 — - - - - - [55] 2020

% Loll-Krippleber et al®¥

used Saccharomyces cerevisiae, a species utilized widely in bioindustrial fermentation processes, as a

platform to develop a whole-cell catalyst expressing the MHETase enzyme. Different cell wall proteins (CWPs) were fused to
MHETase to design chimeras, in which MHETase+Tipl, MHETase+Ccw12, and MHETase+Cwp2 showed better expression. The
MHETase whole-cell catalyst has activity comparable to recombinant MHETase purified from Escherichia coli. *: The lidless
MHETase was created by replacing the MHETase lid (Gly251-Thr472) with the seven-residue loop of PETase (Trp185—Phel91,
PETase numbering). °: aa identity (%) was amino acid (aa) identity. —: This data is not listed in the references.

&: 010-64807509

B<: cjb@im.ac.cn



2818 ISSN 1000-3061 CN 11-1998/Q 4=4# T #2244k  Chin J Biotech
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al Bl B2 B3
120 130 140 150 160 170 180 190

PAEWNGRFFMEGGSGTNGSLSAATGSIGGGQIASALSRNFATIATDGGHDNAVNDNPDALGTVAFGLDPQARLDMG

B4 B5 02 a3
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YNSYDQVTQAGKAAVARFYGRAADKSYFIGCSEGGREGMMLSQRFPSHY DGIVAGAPGY QLPKAGISGAWTTQSL
od B6 as pg7 ab
270 280 290 300 310 320 330 340
APAAVGLDAQGVPLINKSFSDADLHLLSQAILGTCDALDGLADGIVDNYRACQAAFDPATAANPANGQALQCVGAK
a7 a8
350 360 370 380 390 400 410
TADCLSPVQVTAIKRAMAGPVNSAGTPLYNRWAWDAGMSGLSGTTYNQGWRSWWLGSFNSSANNAQRVSGFSAR
a9 B8 B9 B10 p11 al0 all
420 430 440 450 460 470 480 490

SWLVDFATPPEPMPMTQVAARMMKEFDFDIDPLKIWATSGQFTQSSMDWHGATSTDLAAFRDRGGKMILY HGMSDA

al2 al3 ald als p12
500 510 520 530 540 550 560
AFSALDTADYYERLGAAMPGAAGFARLFLVPGMNHCSGGPGTDRFDMLTPLVAWVERGEAPDQISAWSGTPGYFG
al6 B13 al7 p14
570 580 590 600

2 MHETase B "REMTEE  op K ARBEEEFY SO 55 545 o0 5] il ORI Z bR
Figure 2 The secondary structure of MHETase. The o/p hydrolase domain and the lid domain are marked in

blue and red, respectively.

PETase 45L& loop A (Trp185-Phel9 1)k i A
i PETase, #EArXfRESCEs, 5L B/R, “A
5 "PETase H A5 T /&) MHET &M, “X
TG "MHETase [} MHET {5 P332 115 2% (3 2). 1t
4k, AT PETase, MHETase 42— —Hif
K&, A4 5 X AH 6 8 (Cys51-Cys92 .
Cys224-Cys529 . Cys303-Cys320 . Cys340-
Cys348 . Cys577-Cys599). —Hii # (A7 164 |
TR & R e M, 10 Sagong IR B
SR T, B 50.61 °C, FE Pk Bl 5 0L T
TGN, 7E 44 °C Z JF 4% X al b
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S o Catalytic triad H528
- (5225-D492-H528

3 MUK IREBR G NI L

%

PETase

A: MHETase {JbiAZEH (PDB %555 . 6QG9), F1FE o/p 7K fift fili 2% F af

(I ) R T I (2L (), Horh BRI Ak — I 43 3 AT 6 A0l € B HE ARV, C529-C224 — i
BEXIRA AT AEA B T HENFEIR. B: AoFaeB (PDB & 5k5: 3WMT). C: HTEESRL o/B-/Kf# i (PDB & 5%
Z: 4J0K). D: PETase (PDB &3¢S : SXH3)M) =4E45#%T H

Figure 3 Structural comparison of various hydrolases. A: The crystal structure of MHETase (PDB accession
number: 6QG9), including the o/f hydrolase domain (rose red) and the lid domain (blue-cyan), where the disulfide
bond and catalytic triad are marked with red and blue dotted boxes, respectively, and the C529-C224 disulfide bond

region is described in the right detail box. B: Structural comparison of AoFaeB (PDB accession number: 3WMT). C:
Tanninyl a/B-hydrolase (PDB accession number: 4J0K). D: PETase (PDB accession number: SXH3).

1 [ 31 A7 JE 9T T Basak Oztiirk 1 AP
TN 2E | R SR . REEALER
WA Y E AR B R OY A - e D7 3R R R
[poly(butylene adipate-co-terephthalate), PBAT]4:
VIR R S e T 6 B BEAY PETase AH{M
fiff(similar to PETase enzymes-like, PETase-like)#/l
4 Fa]EERY MHETase AH LI (similar to MHETase
enzymes-like, MHETase-like) , 43 ) H. 45 [ fi#

&: 010-64807509

PBAT N H a0 7 o Al o 2 5 DX 26 4
Pz, K 4 %85 MHETase-like [
(MHETase-like enzymes, Mles) [ % [H , 5
ISMHETase HAT 29%-47%MFJEMEGEE 2), Hi
Mle046 H A f i M. Mle046 AN BEREAR
MHET, 1 H.AT LAREA# 5 —FhEa e ek 4-(4-%2
FE TR I L) K F iR [4-(4-hydroxybutoxycarbonyl)
benzoic acid, Bte], ISMHETase 7E 45 °CLL_FHJ
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PEREH TR, 60 °CHEJLF-2TE, 1M Mle046 &
—FE R SRR, 76 1060 °CIAIRE
O A DR FGAE 2 S 6 . IEAh, Mle046 X
MHET AR (Kea) 22 55 T MHETase LA K HADZE
WIFEIERE, {5 i THX MHET ROSERER,
It Mle046 1 M fb % 2 29 O IsMHETase Y
2.5% % BEAh, 2022 AR ROR T BLAR R A
FHIA @b 7ok B T.fusca PET /Kfi#fi TfCa
(R IARLER , BF5T & LI R H A MHET FI
BHET /1% 4:; MHETase Hi 1 /KR4S #40
1| LRI, T TCa RSN T 14
WA o/B IKFRRELEAIRT 2 5 FA5s(id A
M B), FHHAE 1 ADTAS RS 4 AL =R
(S185-E319-H415) ., % TfCa F1 H W %8 28 {4
(TfCa" V'V 35I| 55 |SPETase 28728 {4 (ISPETase
PM)IR A, RV AT LA 25 0 28 e T P oA iy S
N, iXJE MHETase-like [ 5828 (A SEAE SR 1]
WO LE B R E K ) .

2 MHETase WEY & &6 H K

YRR AR, PET $RLTR B4 A7
“EEA 4SRRI AR L TR EE A B SR i
IR E T R 455 RE T, T 52 0 il 1) it
fb&k%, 2019 4F, Palm 25024 T MHETA-
MHETase EA YR aIAZEH, BoRIRPIHTK
it T 45 ) SR o - S5 M B ) o IR 1 R B
O30 w45 IR Phed15. Leu254 F1 Trp397
BB WA, R RIREM 2N E S
FLEMIE ) Argdll, Serd16. Serdl9 fFaE
F B EAE . N3 3 Fras, i XAk
PEAT RN E , RS YR R E 6e 1 1E H
() O Bl ik L 28 A R BUR W 45 A e 1 W B 1%
ik, Hdb, 2878{K R411A #l R411Q JL P54
22 T X RAREY) MHET W54k fef1. 78
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i AT RE L8 T 4T -2 A A S5 A A8 Ak o 7 JEBC AR
gERy R, MHETase ¥ 1 45 #4804k F FF CiR
A, Phed15 [AMEEFS 137 2 5P A A7 8
MR ANLS)E, KPS MHETase 2 [A] 1 £H
HAEFHSR 5% L Phed15 BOMIEE & A= gkt , M
(TE N CIRT R 4 A=A i N (= ST W E 203 - -0
Phe415 5Kz T MY n-n A EAEHAFF
FGEIRYIIZE A (B 4A), B M 2R TN 2 R
28 A% Sy Ho At [R5 VR 4 P R 22 R 4 B 3 R AR
MHETase (/K fift 16 1P 55 BT BRI PETase A1
Eb, MHETase S5RHI%5 41 72 H (1) B BR S o
%, WMEMNEEHEINEE,

bR T 3 FASIR, AKIARELE IR Phed9s
IR n-n A AR RE Y, R T IR
AR 495 RIFRILH WAL IR, Palm 4507
WF9E & BN Phed9s 28748 N TN & IR XHE A 5%
Wi 5 Knott 2P by B I IPAG T F4951 A AR (3R
4), ZEREBIRIEY MHET #1020 BT, K
Y1k L SRR T S OK R S5 A SR Gly132 Al
Glu226 WEJETFIEEAR, BARIZIERMEL
SRR B CERAL T K iR s e 3k, (R
SR RE 5 F2 B S B 5 A M E o B
T MHET, MHET #93V.25 ¥4 ol & 2514 an s §
PR AR IR AT DLl 3 5 MHETase 35 145493819
BRENER R %45 G . XRW MHETase HAT —&
PR PIIE M, TR FRAFEJEC 1 45 15 R A 0 G
BRI AE R, A B T Ak kU T o
MHETase, " KIE¥FERME, LI & HARIL L
B, M2 HE B SRR A ST ) A 5 RO
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*3 FMKYILE AR MHETase 383 =
Table 3 MHETase mutation site that affects substrate binding ability

No. Name Substrate® K, Turnover rate of Turnover rate of References Year
(pmol/L) MpNPT (1/s) MHET (1/s)
1 MHETase™" MpNPT 0.36 13.64 11.07 [52] 2019
2 MHETaseR*!4 MpNPT 20.20 11.57 0.03 [52] 2019
3 MHETaseR*!1? MpNPT 5.34 3.26 0.28 [52] 2019
4 MHETase5*!64 MpNPT 0.26 10.35 10.10 [52] 2019
5 MHETase*!¢ MpNPT 0.50 14.26 8.63 [52] 2019
6 MHETase*!%¢ MpNPT 0.48 17.40 8.40 [52] 2019
7 MHETase™!> MpNPT 0.21 4.80 9.37 [52] 2019
8 MHETase™!*H MpNPT 0.52 13.34 18.05 [52] 2019
9 MHETase™4 MpNPT 0.10 4.17 5.23 [52] 2019
10  MHETageR*!1A-Sd16a MpNPT 338.00 438 0.00 [52] 2019
11 MHETaseR*!A-S416G MpNPT 365.80 6.78 0.00 [52] 2019
12 MHETaseR*!A-S4196 MpNPT 32.60 6.80 0.00 [52] 2019
13 MHETageR4!1Q.54164 MpNPT 212.50 6.02 0.00 [52] 2019
14  MHETaseR*!1Q5416G MpNPT 94.50 5.02 0.00 [52] 2019
15  MHETase3*!16A-54196 MpNPT 0.54 6.78 - [52] 2019
16 ~ MHETageR*!!A-S4166.8419G  NpNpT 1 056.86 7.12 - [52] 2019

2 Palm et al®? used MpNPT (mono-4-nitropheny] terephthalate) as a chromogenic substrate for activity tests by spectrophotometry.

4 MHETase FHIXHERE  A: MHETase 1 5JRYIEE G BRI E O LT F45
W, SEACEKBEE, RYHEERR). B: G R Lo 6 2 5 45, a2
IK LA 3K,

Figure 4 Key residues in MHETase. A: Key residues associated with substrate binding in MHETase hydrolase,
where yellow represents the lid domain, green represents the o/f hydrolase domain and the substrate is depicted
in purple. B: Key residues affecting catalysis (pink represents the lid domain, blue represents the o/p hydrolase
domain).

&: 010-64807509 B<: cjb@im.ac.cn
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3 MHETase #1814 % @#H1 %

MRS A BN 2SRRI IR
R &R A [fi . MHETase FOTE A S H 2R A% B
(Ser225). A ALAE I AR 3L H (Asp492) Fli
T AL VR FH (0 P (HisS528)F B, RR“fii Ak =
BRAAR AR IR 79 F02s ) 45 4 s FE AR, %o
JEC 40 HP A e R RURER TR A 7 S A% 0 AR IR A 7 7K
fife, TEAMEAL RN P B A AR E B AE
S225A RAF L H S8 MHETase 276 . % 4 &
257 MHETase VA K 544k R0 %5 UIAH O 1 2848
R sh 12280 TR N FE v 2  E

*4

07 FEL Aar (SRU I B ) 4 O TR e A, TR
TGP HROTE BB 2 77U (Gly 132-Glu226), 2 4>
RILTR IR 5 P BRI A =2 (R il A e, il
K At 3k A ™ AR 4 DU I R ) AR A .
H1, MHETase ] 226 (A 2R T 22 2 FR K fife ity
H ST “RR & X3, 78 BT R A
HRE IR SR I R AR AT, {H MHETase 1)
E226T %745 S8 MHET GMEREMRZ 50%5, 1t
Ah, FERR TGRS, 25 90%% 131 fi5%
FLRH R, MifE MHE Tase P22 28, W1
## MHETase™'9 28754, LI K., (EHEFERR
TE8AYT, SRR AR 3%, Ak,

2] MHETase /&4t MHET #1 BHET BYZS 25 (i &5

Table 4 MHETase mutation site that affects catalytic activity towards MHET and BHET

Name Relative activity Turnover rate Relatively activity =~ Turnover rate of References Year
MHET (%) of MHET (s')  BHET (%) BHET (s )
MHETase™" 100.00 - 0 [50] 2020
MHETase™ " - 11.07 - [52] 2019
MHETase™" - - 1.0 - [53] 2020
MHETase™* - 5.23 - [52] 2019
MHETaseR!4 - 0.03 - [52] 2019
MHETase®*!!Q - 0.28 - [52] 2019
MHETase®*!'® 43.76 - 1.7 - [53] 2020
MHETase54!64 - 10.10 - [52] 2019
MHETase5*6¢ - 8.63 - [52] 2019
MHETase5*1%¢ - 8.40 - [52] 2019
MHETase™!%A - 9.37 - [52] 2019
MHETase™!>H - 18.05 - [52] 2019
MHETase™ ! 2.99 - - [53] 2020
MHETase N - - 3.9 0.040% [53] 2020
MHETase™**V - - 3.0 - [53] 2020
MHETase™*4 - - 3.4 - [53] 2020
MHETase54!6A-F424N 14.31 - 10.2 0.130% [53] 2020
MHETaseR*!1A-S416G - 0.00 0.04 [52] 2019
MHETaseR*!1K-F424N 19.12 - 8.7 - [53] 2020
MHETaseR*!1K-F424V 30.87 - 10.5 - [53] 2020
MHETageR#!1K-F4241 33.68 - 11.1 - [53] 2020
MHE Tase54!96-F424N - - 0.09 [52] 2019
MHETaseR*!1K-S416A_F424L 54 78 - 15.3 - [53] 2020
MHETageR#!1A-S416G_F424N - 0.05 [52] 2019
MHETaseR*!1A-S419G.S424N - 0.12 [52] 2019
MHETaseR#!1A-S416G.S419G - 0.07 [52] 2019

http://journals.im.ac.cn/cjben
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Sagong £ E MHET /K& TER I, FREE
Arg4ll, Ser416. Phed24 M58 HR2x K AR FEAR
MHET 7K TG . 28 [k, MHETase itk
Z BN A R AL R B AR (B 4B), AL HE
A =HRARIY Ser225 . W45 G RV AL Y OC BT
HE Phed9s, IR HRNimG & X B0 226 £ 5%,
fEHT R M MHE Tase i P 1 JCHEFR XS TR
e A B L

HIRA T f# MHETase BRI, 736
PEOL S A5 ST LREZ MR, R filie
FHAF T8 S B H QM/MM. 25318 )5 145540
TR AR AL, MHETase 222 %2 R /K fit il
FWEM— 0, A REERST AL =B
AT, RN R AL L 2 A~
B, Wl 5 PR, ES ALY, YR
Y 5K g 2E A, AL —HRIARY Ser225
His528 R iF1k, &M Ser225 LI Ak
T I MHET Bibbmn, Bk —FE(EG)IFIE L

Pk L -fiff Fp (] 44 (acyl-enzyme intermediate, AEI).
KFZMAL W A eE2, CA AR5 E
BAJFJE T A EHF9E . Knott 250552 1 QM/MM
2D I RAE, WS MHET $EEGRF Ser225 22
[ B C—O S AT 24 ) MHET C=0 Figfdl &
AR BRI R A B0 /D B B BE 42 (minimum
free-energy path, MFEP), Tl i Wtk B HHRE22 R
(13.9+0.17) kcal/mol, J#4(5.2+0.04) kcal/mol;
1M Pinto 2%z i QM/MM ONIOM J7 B33k
A T 5575 8 His528 Ml Ser225 SERIL
T B FHAE 2 H(9.4240.13) keal/mol, % T Hif
H WG (13.90+0.17) keal/mol, J#HL B £
(17.14£0.02) kcal/mol, X645 R HE— I
%—/\ﬁﬂtﬂtﬁﬁa‘;ﬁzo TEMAL I N 45, 2
B T AR B I PR, VR
I—JHT L RS, His528 SB—IRHZ 4 H
B 1 AKGTF R N, K
7T #E His528 K T4 A AR E

Acylation
MHET e
& 0 OH EG OH
d\\; <::’ % OH ; ij
=i . HO—/y
- MO ‘> O* s ¢ o \\a Ser225
T, / er
HNY s HN— F-Q “HN
0 f/
Asp492 Asp492 Ser225 Asp492
His528 Ser225 His528 His528
u ﬁo
5 Deacylation
TPA
0 OH (? OH /_P OH
> < > < - HO*"/j‘ ::: 0 H()\ : 0
. 0 \ H

Lo i
"H-N—"— >

p Ser225 {
Asp492

His528

0.
“H- N/\\N HO

0 \5 0
Asp492 Asp492

His528 Ser225

[l 5 MHETase #94 LR AZHLF
Figure 5 Catalytic mechanism of MHETase.

&: 010-64807509 B<: cjb@im.ac.cn



2824 ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

T, VB SR AR X ok 5 - il v R] 14 (AET) 19 9
Bt TR G, AEa TPA JERER. 4
2 His528 fEX— iR TEENER, &
ALK o R AR IR T T R B 2
RIRMA T T4 Ser225, MM TH—4
HEALAEFR o OC 55 20 Bl Ak 5 N 19 H Fi R
£, Knott M QM/MM 2D T RAEH 5
(19.8+0.10) kcal/mol, Pinto ZEPN 1 3R15HIRES
41(19.35£0.15) keal/mol, WiE#EIT, HETAINE
TR BEAR SN R AL SN B EAD ER . G
SFLETTE, #7 MHETase Z545T S g2
Z AR O L TR i T 45503 1 O A TR
%, AENENEHIEIL PET MRVIEHRME I, IFh
SRR A SR 1) P i B R 003

4 MHETase #& 7& By 21t 7E M X
By T2 g

HAREHI MHETase X} MHET 731 HA3 /K i
T, 2020 4 Sagong 2N #T T MHETase 43
515 BHET FILp i R S5 & 12 5 W45t (o
BE. 251 A, PDB &5 6JTT), & AESh
#5575 T MHETase W47 75 BHET 1k, HEih
PERSHS (3 5). 1F BHET Z5& MR S Wssth,
BHET K TPA B4 FIFESMK) EG F 43 % e A
Bi K% HE(Leu254 . Trp397. Phe415 F1 Phe495)
TR 4, EG #5348 R 5 Glyl32
M Glu226 RS FIE A, A TPA F1 EG
Z A Eesa L T sk SE Ser225 BT, BLAE,
BHET #] N EG #8413 2838 2l AR P AH BAE AR
S, HEILY Leu254 Ml Gly258 19 45K A
HE, 5 TPA #3 Z AN ERE AR T 5 Argdll
1 Serd16 HIMIEETE &g, H—Ffe T 5&
PRI ZE A

ARl L, MHETase tA] LIfE 5 BHETase,
H & MHETase %} BHET 147K f# i P B S5 A F %

http://journals.im.ac.cn/cjben

MHET ®BJi&2E, I BARHE TRk s . R, S
F BHET & & AWHITINR, Sagong %55
FFET 2 A A B TR SR K 2 5 MHETase 1)
BHET {51, 156, Argdll 555 MHET R
IR, 4 BHET HEIRYIET, HEHi/h
()61 24 IR P RE HUORS 2 IR S A A TRUE BRI . 5
MHETase™ " #H [, MHETase™!" 28454 R A5 1
HEINT 1.74%; Hak, 7E MHETase {982 =454,
Phed24 FRIENL T NI A G0 ST U A
RIS A 4%, BT EG #0 B e fEgs
G, W, il A& R N B R R B
Phed24 5% H R Al N IS 456 0 sl (19 25 ) B
K, MHETase™* 875 A TGt T 5 5 EAh, X
% WXR MHET&S CR411K*F424N R MI‘IET&S CR411K*F424V ﬂ:ﬂ
MHETase®*""*-F* 5t BHET (17K fiff 156 4 - 551 b
hn 8.7, 10.5 f5%H 11.1 % ; ¥ S416A 5272 n] LA
HE— 4 89 98 XF BHET JK f# 16 1, = R4
MHET&SCRMIK’MMA’MM[ %/Q’MKX# BHET 7J(ﬁ75|7={£‘[\$
HINT 153 4%, [FIEF, Palm SR IBIAIN S419
] A — 58X BHET /K@ iEvE, 13560
S416 Fl S419 AYZASH AT LAKEE R411/F424 AURAS
FIZK TG TE, S416 F1 S419 HIZAZIEAN T R411 1
FE, BIAFIT BHET 454 . XUk~
TIZEF A BT MHET =5 BgE A BHET F{IGHG
TE MRS F A

Ktk 4h, Sagong ZP I ICETE PET N
Y #4T MHETase /K fi# 2 b i & BH,
MHET&SCWT %ﬂ MHET&SGR411K*S416A*F424I %/QMSX‘T
K2 PETase Ab PR PET BEER A AL IGTE, SR
I MHETase™" % PETase®'2'A-P1#6H.R20A 4L gl i) PET
B;%Ei_\‘th T7J<%{E‘HE , MHETaS@R411K’S4l6A’F424I %
ARSI O R KA s E— R AR
SEG R IFIESE T MHETase FLAT /K i A R Ui
PET JXf{Mi {15 1 (exo-PETase), A4 J& TPA K
Wil & EG A, I H BHETase IG5+ 54MJ] PETase
TG (exo-PETase) % UIHH G (B 6), T 45



WiEE F | ME_FRERCEKBEEBSIENTRER 2825

EMHET &BHET
v v

O_

TPA EG

v

— —

MHET EG

PET with TPA-terminus

O 0000~ -0 0000

TPA PET,_, with EG-terminus

& PET with EG-terminus

MHET PET,_,with EG-terminus

6 MHETase BEEMINGERER

Figure 6 Schematic diagram of MHETase active function.

o (i T A2 22 ], MHETaseR4!1K-S416A_F4241 s pic
AL % MHETase %} BHET Fl PET #iRfF%
FRRH

5 REERE

rh LR Sy R AR 7 N RS — K, TG B
KA IRRLE S PR T o AL SR B R E B SR 55 A
AR, AR AR AR T A, 9
R ARBERY 2 PR PET JE M) 00 W A B0 (1]
ORI FFERE T Bt . AR, M@ PET
TN B AR AT GE AT [ S A 2% SRR [ i iy
FRL PET MR HH AR 2 —1400 % e i
PET ¥R BRI e F A 28 bk Sk ST HF
SLR SRR IR ER , HA T R M 08 1 F kR
25 []  PET 58 &M A A 274 2 — B n] LA i
A AR AR T B AT I ) SR 7™ 5
Xof % B R AT A AR 7 T R A SRR A SRR K
RHE SR YA N W E B RT RRSE 0 7= i, s
F 47 3 - SR AR - (AL S, SR BRI
fEFRZ 35 . MHETase HIJRHPIEEFIEE H AR
f#% PET B[] 4#) MHET, J& PET 584 [&f#M
R, WY PET FEMR M4 Y1k i
OIS

T SEEE PET MY5E 4Rl beff, e B okiE
PURJLANBERI M . (1) PET KA Tl
7 2 3R LA A v P AT 2 DL R 3R e

&: 010-64807509

P£, {H HAT MHETase ({6 PE IR 2 M4 17
KMFAR 1 22 R B 4 My 0 56 1485 A 8 A A
1 /& MHETase W8 REAE, 50 ™ & X
MHETase B4 45 14 L Bz 0 7 1 14 5% 47 B
F 5 U B AR B R T R AL, BT AR
MK HE R MHETase F#GEEM:; (2) BHIRY
G5 V7 I SR AR R D R s DX ) U
A BB XS T ) 7K 6 1 ELAT E I 3 2o 9 R
HIERYWEEE, e mugrfeibisre; 3) &
PEAT i X SR T AR SR i Tl ) A, T 7
SRS ) 22 18] 9 A B A P 2 e Y8 R SR 250
) 5N 2 . MHETase "' BHETase 1% 14/ % L
PLJ X MHET SE4544 K AP TE 4 & 3
AH, AT L 2o S A4 P s SIS I,
HY5ARFEIEWE SRS, HHERH %M
PET Wy HAH [ ™4y, 743 &% MHETase F#{I%
K AT A R CEEVE R 5 (4) T R BRI A
fitf 5 MHETase [% 4 LA™ 4 ST e A= P Ak
F, P A O R PRI SR ™ ) S st e A, 5
I il IRl B 26 B8 2219 TPA 774, {H AL
TR Z T RN S5 1 A 75 B — 2P TR A SR,
it 3% A A M 5 A AR B DG IR i
HBCEL . R WG G O S RO S A
WA B OB 2R 0 Tl Ay AR, s R
o B4 A8 B T Y R I S A A R 1
Hk,
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HEr, FATHER s SR T
BHARZ G ZHFHR, IRAIZYE MHETase 1Y
W A mE R X W42 AT
MHETase WAYIREMHLT, & E R TR E
AT | AR MR R e, S
b IR T T A 1 BT A R P R 2 ok
e B T, QA %L MHETase
ARA A R R T 4 RS T8 IR VR L, X
XFFHETE PET KRR SCR E T,
I, X MHETase JIG4) 4 514 0 45 14 SR AE A AL 1
HRATFERERAWR, X A%T MHETase
XIRZEE PETase JF A GE B ML PET P& R 56
PR T 3Re . BE ERKEOR HES . A NETE
T3 KA LA KBRS 8Ft, PET 9 [BIICRE
SN, SRR A W R i S5 G PR R 2 e o
LSRIOEIREN
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