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1 EREEAR K E mR e SR, 2R S8 230027

2 P EREEGEHAE VI T ARSI AT T R S S EE o ER e B A A EE S A AR N S
o=, dtat 100101

3 FF R RE, K 300071

4 rhERFAEBERE T AE YRR I EREBE R G Y TR i, KHE 300308

XUFRBE, BKSCE, PRI, BREEfe, A, 550, JET 455 B A MHET [ fff e 2 48 KR AR EE T B i 00 SRR ().
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8 E.: R X =W B L =B85 (polyethylene terephthalate, PET)#) RALTE AL Al Fo b H & s T
PENARTE., BEGMAE—FRIZEIFOME PET G40 7%k, SR _FREQ-ECT
#£) B8 [mono(2-hydroxyethyl) terephthalate, MHET] £ PET M f#id 42 7 49 B A 5% S M 47 %) 2 R 6%
Y F4, T MHET MM K. KRR RAEME&F Tk, 670 EME
&, RIT —A MHET Kf%Bs, BurkMHETase. B % M #F A & 9% B 69 R iE pH Ao R E R
B A A 7.54240°C, & pH 7.5-10.0. 30-45 °CE& M FAAATAE 2 ; vA MHET 4 &4 M 2 ) 7/
FHH K H (24.220.5) s, Ky A (1.8+0.2) umol/L, EA 5 B 77 & & 2 49 ISMHETase #8404 89 Koy
1A 8 509 &M EA . BurkMHETase 5 PET 4 fif B4 |SPETase B4 ) 48 4% i & PET /% £ ¢4 1&g
HE. MM A RE LB AW, BurkMHETase T f 0.2 3E1k h 45 & 09 45 M) 45 42 R AR 1L
MHET #) /K f§. *f-F MHET M ff 8%, 1 495 15 A 35 & 5k B IR BR oA BOE M 304 30 32 5% R L BR 9]
& P F) A48 ZAE A 3t F MHET K #F & HAL-F 2265 4., Bk, BurkMHETase A #% 4 & A F PET
B TR B Y, T PTAL R 69 £ W45 B 5 7 iR 7T vA B R & BAT 4R 37 49 MHET 4 /i§ B .
KR R R VR BB, WA EMER; BivdR; L R EBKEEE

TERNTH - B K E ST RI(2018YFA0901600); [E 28 H SRR 4:(31822002, 22201299); A=) % I 1 XI(KFJ-BRP-009);
R [ A S Bt B9 A E U A 1T RI(ZDBS-LY-SMO014)

This work was supported by the National Key Research and Development Program of China (2018YFA0901600), the National
Natural Science Foundation of China (31822002, 22201299), the Biological Resources Programme (KFJ-BRP-009), and the Key
Research Program of Frontier Sciences from the Chinese Academy of Sciences (ZDBS-LY-SM014).

*Corresponding authors. E-mail: WU Bian, wub@im.ac.cn; CUI Yinglu, cuiyinglu@im.ac.cn

Received: 2023-05-12; Accepted: 2023-07-10

773




774

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

Structure motif guided mining of MHET hydrolase and
development of a two-enzyme cascade for plastics
depolymerization at mild temperature

LIU Xinyue'?, GENG Wenchao®*, SUN Jinyuan®, CHEN Zehua®, CUI Yinglu?’, WU Bian*’
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3 College of Chemistry, Nankai University, Tianjin 300071, China

4 CAS Key Laboratory of Systems Microbial Biotechnology, Tianjin Institute of Industrial Biotechnology, Chinese
Academy of Sciences, Tianjin 300308, China

Abstract: The utilization of polyethylene terephthalate (PET) has caused significant and
prolonged ecological repercussions. Enzymatic degradation is an environmentally friendly
approach to addressing PET contamination. Hydrolysis of mono(2-hydroxyethyl) terephthalate
(MHET), a competitively inhibited intermediate in PET degradation, is catalyzed by MHET
degrading enzymes. Herein, we employed bioinformatic methods that combined with sequence
and structural information to discover an MHET hydrolase, BurkMHETase. Enzymatic
characterization showed that the enzyme was relatively stable at pH 7.5-10.0 and 30—45 °C.
The kinetic parameters K.y and K, on MHET were (24.2+0.5)/s and (1.8+0.2) umol/L,
respectively, which were similar to that of the well-known ISMHETase with higher substrate
affinity. BurkMHETase coupled with PET degradation enzymes improved the degradation of
PET films. Structural analysis and mutation experiments indicated that BurkMHETase may have
evolved specific structural features to hydrolyze MHET. For MHET degrading enzymes,
aromatic amino acids at position 495 and the synergistic interactions between active sites or
distal amino acids appear to be required for MHET hydrolytic activity. Therefore,
BurkMHETase may have substantial potential in a dual-enzyme PET degradation system while
the bioinformatic methods can be used to broaden the scope of applicable MHETase enzymes.

Keywords: polyethylene terephthalate; plastic biodegradation; enzyme mining; serine hydrolase

G RLET B L BAAIG T P A v A B
R A SR BRAR A R A R T KA T, AR
T, Bifi 22 0 A A2 R AN AT R A X S ) 12 ) 3R
TS RG T, #SMA R Y B, YRR
I A AR 2 E Y, B HKE R R
I (polyethylene terephthalate, PET)4Z i F
)T R ME Z —, JUCHAEY S e tT
o AR AAT R LE W R D PET JRAENS
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YL AR Rk o 25 20 AERIBFEE KL,

P it i 7 P A Jo B R e T BE 1 7 AR T AR
FIREARACR: , SEBL T m A W AL A PETE ),
THEATTA SE B Ny 75 B KA B, HASRE T 1%
i ME ISR RO SRR W), A5 7K i R kL
I, FEARTLER AR EE 254 T 1) PET BEREfg .
AEEME. BKE PET 09 F LR Y s
XF % — B R (terephthalic acid, TPA)., &£ [
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(ethylene glycol, EG). XK —HERH(2-F22.5E)
fi5[mono(2-hydroxyethyl) terephthalate, MHET]HI
X 2R — R W (2- %5 £ 55 ) I [bis(2-hydroxyethyl)
terephthalate, BHET]!"*", i F PET [#fffe—1
SARfEALI AR, PET AR B X v )= i
SERE T PET. /K A5 i B i i
HiE4(BHET A1 MHET) /& PET [ B i 55 41
TR B IL R BB 125 TR W], PET K
i BRI B R SH AL B S MHET /K i TPALS!

2016 4F, Yoshida %543 25— 0 40 g K
B 5 AT 14 (1 deonel la sakaiensis) 201-F6, fig
DL PET Jy FEREVRABRIR,, 7 30 °«C ARV,
IR A B I PRI R G0 PET fif 5 TPA
1 EG, HH IsPETase ¥ PET %¢f# 5 BHET I
MHET, ifi/*4#) MHET #% |SMHETase fi:{t./K fi#,
4= i TPA #1 EG. ISMHETase A JHl T-}4f# PET
Wfiead AP A i MHET, A Bh T4 % PET &
Wy 3 Sk 1o FH o B B A Ak % . SR, RV AR A
PET BB A I 20 4F, ISMHETase &ME— 55
RfEA MHET ZKf# 98 . |SMHETase J& T 5.7
it R0 , 7K ik b g P e i 7 R T 2% )9 A1
FZEFWEHABRE, WX MHET £3H & 1)
YRR, BARE A SLE RAE ISMHETase,
{HI A FEffE MHET FEFERGT 5 . 4589 F1 )R8
IR . HEMGETZ P8 e rifie T 2 4
TEHEIRIRZ 0 MHET R iR 241 8 1 i
LR ER, AMUE TRE L U 4F ) MHET i
fitg, 1 HA BT T f# |SMHETase H4EALHLE] .
1 2 (1B 45 F N D B 25 I AH G, Z5 A R AiE
ez 5 I ARG FE R0 g, e LART B
i, dl S A R AN RS R b, E T — A
BHANKEEENE . ERE T T KR LA AR
PR 2 i T LAY

AR A AAEYER %k, RE
ISMHETase (33 FI45H(5 B, 1298 HA R

&: 010-64807509

MHET ¥ J3 (11 o 25 5L LT —Fiok BRSO R
1AL 2 7 (Burkholderiaceae bacterium)fi) MHET
A, BI BurkMHETase, H 5 ISMHETase H
FAARIA R MHET FEfRIE T, X —FEX 5
DL ZEIE TN T — A5 . %) BurkMHETase
P SERT R 2= B T T RALE, JF 5 PET FEfdHG
WIS PET TR, $271 1 PET FEARFCR,
EH ATV FHEE PET FENEE RS, ILAh,
X S BR B 28 /) 43 A FIE RS 7S, i 1 X
MHET [ BHEALAE FH A BEAR , A7 B T )5 2242
Pt BE 25 R MHET B fi it

1 MRETE

1.1 MR
1.1.1  EPRFABAL

KT (Escherichia coli) C41 A1 BW25113
W H A R A R |] L 42408 3 i 2L
LROE AW ZGA RA FE .
1.1.2 FERFIFNEE

2xPrimer STAR [if#llJ H 4t 5 TaKaRa 3 A ;
Dpn 1 i H New England Biolabs 2y /] 5 JHUkL/)s
PR £ A b RAR A LR A IR A A
BCA F& IV I R & B b RS R
AR F; MHET W [ B BT /R AL T A BRA
wl; PET I A 116U IR 52 2 A RS

il Z R, WH TSR S
H R ; HisTrap Mk & HiPrep 26/10 fiiih
H, WH GE ~wl; HWIEW4E . C18 A%
Fe, WA s A AR RAE E
aifef, WA BRI BHEAARA A &
OB ATEAL, W A s FRA A
1.2 753
1.2.1 4YEEFEZHE

L ISMHETaase (NCBI 515 WP_054022745.1)
il #E A 4, 7E Mgnify??! | nrt?! il
UniRefO0 44 22 i8R, E-value BI{HILE N
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0.001, FREUVEAEHRZESHET 1 000 5w
P9l KERITARIFA)E, f#H Biopython H1(1Y)7
) AR R AR i PR ) %) 4 3k R A7 oS 7 2 ] 5
JPH, SERAEE T AT — 2 R IRIUE
1.2.2 EERIEHEHE

R A FF TR 119 265 05 i -4 X 6 R ) )
BT RST4k, Hih BurkMHETase 2 4 e
R pBAD 441 Nco I 1 Xho I {7 52 ],
52 B A F) pET-21a 2441 Nde 11 Xho 1
28], 78 Cumidsiin | 6xHis-tag #r%%, LIfE
T IRt gt
123 [ERERARIEFLL

Bt B pET-21a ZifA%E4kE E. coli
C41, WATFES 50 pg/mL A NHRRM LB P
B, 37 cCHEFRI o SR K X B P Bk SR A
250 mL % 90 ug/mL Z N HE R R 2YT AR
Fedp, 37 °C. 200 r/min B35, 24 ODg 15
0.6-0.8 B, MAZIKEN 90 ug/mL 15PN
RB-FAMEHFET, 20 °CHFE 20 h,
BurkMHETase {i#ff] E. coli BW25113 JEZ 4411,
FH 20%H7 L-FlHifbis 44 . 8 000 r/min. 4 °C
B0 10 min EEEIA, FH 15 mL 22+ (20 mmol/L
Tris-HCI, 300 mmol/L NaCl, 10 mmol/L BkM§, pH
8.0)H B . 35%II M A NEFL 15 minJ5, 3RS
Yj— | IHHCRASMEW . 14 000 r/min, 4 °CE
O 40 min WO BHE, A 0.22 um JEREEE .
HIEJE R RIS & HisTrap HP A9, PRIKZE
MM 20 mmol/L Tris-HCI. 300 mmol/L NaCl .
45 mmol/L BKME(pH 8.0), BRZEZEME, X
Grp bR, VR B AR . PR
T B 5 2 HiPrep 26/10 JBiEhA:, fHH
PRAEZ% ik (20 mmol/L Tris-HCI, 100 mmol/L
NaCl, pH 7.5)%H B EL . FH 50 kDa B9 IEE M
WM EAE, MAEERAZWRT . H
SDS-PAGE #u il 4fifb 2 111 4>+ s M4k, BCA
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R I A I 2R VR B
124 [EREBBENE

LA MHET R4y, I SRR A 35 (high
performance liquid chromatography, HPLC)# il
TPA (1) )7 A5 ke W 5[] U5 g A 3% 1k o e g 7E
30 °C, 7% 45 mmol/L BfEREN . 90 mmol/L 541k
B 10% (R E0 WL, 1 mmol/L
MHET. 5 nmol/L E#IZ% i (pH 7.5) 51",
Kl 2 h NIBERE Y. S mTE 10 pL RV
JIA 20 uL — B P ARR 28 1k s iy o fE ] HPLC
1 260 nm AbE BT TPA WRIE . RNHIH 30%
VA ()R 70%7%555) B (0.1% K F 00 IR 1Y
IR ARSI 225, Wik 0.8 mL/min,
K 10 UL 0. BRS04 RE 1 umol TPA 14
Bl e SUON—A B (U) MHET R BTG 1
1.2.5 pH FEEXT BurkMHETase 5& 14 A0S0

Bl 45 mmol/L #7EERRHN, pH 4.0-6.0;
45 mmol/L BiEREN, pH 6.0-8.0; 45 mmol/L
Tris-HCI1, pH 8.0-9.0; 45 mmol/L 4% [2-NaOH,
pH 9.0-10.0 ZE i, iR 1.2.4 4E 30 °C R
& BurkMHETase M . 7Efwidi pH, 45 mmol/L
BEER AN ZE 0PI (pH 7.5) R Ry, TR EE VI R BN
20-55 °C, ¥h¥k 124 JE BurkMHETase F) it}
o PHBES B 5 B BE N 100%.
12.6 &REEF* BurkMHETase &1t A9 8200

TE 54 1 mmol/L MHET #1 0.5 mmol/L &,
5 mmol/L 4:J& % (CoCl,, MgCl,, NiSOQy, CaCl,,
ZnS0O,4, FeSO4, CuSO,;, MnCly)HY 45 mmol/L
Tris-HCl ZZ & (pH 7.5)%, %54 1.24 1
30 °C T #4857 %7 BurkMHETase %
(RSN o AN TN 4 2 = 14 % BERE it 430 RE %
T
1.2.7 BurkMHETase 851 HF S ¥ E

£ pH 7.5. 30 °CTF, DAAS[EHBEE(2.5-
100 umol/L)[*) MHET “AJi£#), BurkMHETase &
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JE4 0.2 nmol/L, #4% 1.2.4 M%E 12 min K
BurkMHETase MWl . A Origin 2022b #%
Michaelis-Menten J7 Bt F T AR MU A 15580 T
1.2.8 XNEGEX AFERR PET RN E

B BN 8 mm BYFITE R PET (45 4
BER T%ENEY), INAAR &= ISPETase,
TEBART Hg 500 uL 4 45 mmol/L BR8N 5%
W (pH 7.5)%F 30 °C i ilad & 1 h i
7 R 1 S5 T K ISPETase i 2%
. SRJE, TEIK ISPETase i N kA7 XU Bk
A . K ISPETase: MHET F#f# i (BurkMHETase
5 ISMHETase)4% 10:1 iSRG )5, 7E£30°C T
JNE, $eridi 1.2.4 K0 PET WA RO
129 BORTHERTHEH

PCR WK% : 10 uL 2xPrimer STAR,

*1 AKWMRFAASH

0.8 uL Jiki DNA, 1.5 pL F#FAIF sk
1), il ddH,0 #MFE % 20 uL, PCR FEF M 95°C
3min; 95°C30s, 58°C30s, 72 °C 2 min, it
25 MEFR; 72 °C 10 min, ¥%sH0 Dpn 1 7E 37 °C
TR DNA, ¥ PCR F=#15% L% E. coli
DH50., HIR—WEIZA RS, R HbREok.

2 EREQM

2.1 MHET [&fEEsH01Z1E
A4 I SMHE Tase Fi AL FIG IS SLil182520],

MR 22 AR SR, A —-H S225-H528-D492
H AL =B6fK . ISMHETase XF 4 893- 51
s ZUKH T MHET BRIFFIR L . T MHET
FEERHMNAY F415 Fil F495 23 i i /K HE A 25 45
P ek, RENSE L n-B AR AN Wi e e
MHET [{ERGEH22, R411 F1S416 AT L5 MHET

Table 1 Primers used in this study

Primers Sequences (5'—3)

G145R-F GCGACCGGAAGTATCCGTGGCGGTCAGATCGCC
G145R-R GATACTTCCGGTCGCCGCTGAGAGAGAGCC
M192Q-F CAGGCACGCTTAGACCAGGGCTACAACTCCTAT
M192Q-R GTCTAAGCGTGCCTGGGGATCGAGACCAAA
S260A-F CCGAAGGCCGGAATTGCGGGCGCGTGGACCACC
S260A-R AATTCCGGCCTTCGGCAACTGATATCCCGGT
R418S-F ATCTGGTTTCTCAGCGTCTAGCTGGCTGGTGGA
R418S-R CGCTGAGAAACCAGATACACGTTGTGCGTT
D423L-F CGGAGCTGGCTGGTGCTGTTTGCTACCCCGCCG
D423L-R CACCAGCCAGCTCCGCGCTGAGAAACCAGA
R145G-F GCACTGGGCGATCTGGGTGGTAGTCATGCAAGC
R145G-R CAGATCGCCCAGTGCCGGACTCAGAACGCC
Q192M-F ATCCGCAGGCACGTCTGGATATGGGCTATAATGCATATG
Q192M-R ATCCAGACGTGCCTGCGGATCCATGCCAAAACTCAC
A260S-F CCGAAAGCCGGTATTAGCGGTGGTTGGACCACC
A260S-R AATACCGGCTTTCGGCAGCTGATAACCCGG
S418R-F AATGGCTTTAGCGCCCGCAGTTGGCTGGTGCTG
S418R-R GGCGCTAAAGCCATTCACGCGCTGTGCA

L423D-F AGTAGTTGGCTGGTGGATTTTGCAACCCCGCCGG
L423D-R CACCAGCCAACTACTGGCGCTAAAGCCATT

&: 010-64807509
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FIFRILTE B S, i 4GB R411-S416 1
ISMHETase A58 A8 (A K fif 1 PEABAR /N, HEW
HFRETE MHET W45 4 A REEER. f
e, PBR M ISMHETase 09[R V6 ¥ L iz H A
S225-H528-D492 fi#fb =Bk, FE 415 {71 495
NANFH T EHREERF. YW, 4111
B E IR R K, 416 AR IL N E LR
S T (& 1),

HF FIRFEMTEER] 4 FKFH0, 300Ek
M 1% £ % % J& (Pseudacidovorax sp.) i )3 %)
(NCBI %55 . MBP6895731.1), Bt Ik B iU 1
(Comamonas thiooxydans) i) /¥ 41| (NCBI % 5%
5. WP _034389536.1) . & W J&
(Hydrogenophaga sp. PML113)f#JJ¥%1(NCBI %
&5 . WP_083293388.1) Al Burkholderiaceae
bacterium ¥ /3 51| (BurkMHETase, NCBI & %5 .
MBP8102505.1), 5 IsMHETase FJJF40AE{L1E
I 99%. 82%. 73%F1 68%. i, KA
C. thiooxydans #1 Hydrogenophaga sp. PML113 7]
[FIVE A E b 2 HAA AL MHET (R s
AR RITE I MRS T A KA TE P
2 W i e B A oA Ry 91 LA 3 — 20 i SR AN
. 2, ATV KEE®RTFIMZHEM, IRt
¥ 41560 F 495 S X TG R EEEAME, BCTE T AR
XF 415 157 F1 495 {57 1) 75 A R s LR i BRI, D3R

B PRENERE T 5 ANFH(ER 2).
AlphaFold2 FlIN 25 R I, X LLEERR A T
A o/B-/K R IET R T, A LM
M1 AFEH o-RBEH RS TR, 5
ISMHE Tase A AH LY & 1A 235 44 R OC A A5
22 RIEEBMRIEGLRIEENE
XL A A TR Rk gk, DL TS
LSRN RAE ¥ HAREEE B3 pET-21a 5
pBAD #ifkHr, 7E C Runfile Hiss hids, JFLE
E. coli C41 =, BW25113 H3ik. /] HisTrap HP
HAbERR AT EE T, e 24k MHET 9
IR BR T ok A BT i (Acidobacteria) Flifi Ak
FH 2 5 £ i (Sphingopyxis lindanitol erans) i 7]
EERFRMPRA MHET [EfEvEsh, HaH
ISMHETase H. 45 & /57 5 — B (g, BRIk A
Pseudacidovorax sp. . C. thiooxydans .
Hydrogenophaga sp. PML113 . 8 4 2 9% i )&
(Bradyrhizobium sp.) dw 78 . .52 4 i )R
(Sulfitobacter sp.) HI0023 FI1 %7 44 %4 B 4 )@
(Novosphingobium sp.) MBES04 1 [w] i #5 (145 2
A MHET [&f# 16 1E(2.2-20.2 U/mg) (% 2). %F
5| & BurkMHETase (43 F 1t 62.4 kDa) (/€] 2A),
FKIH 5 ISMHETase FHALL MHET R i 36 14
(23.3 U/mg), XKWL A 790 A4S # 5 B
AT B VA AT DGR o iR B H bR

By >103 ~10
59 .'-_".t:_ 2 Y '.' Homologues \,‘- rf' Controlled binding sites “,‘- l': Characterization ‘I
L ': ‘..‘}‘" : . A b 4 \e A
o = - Y,
96% MDSTEAAS... s | t ]
A rais ') Pra N oy
68% MGKGLDSL.. —> g sl N —> ]
R T A ]
) S N .D“};
Sequence 40% MLLATIHYA... Jf 5“61_5%5; . 0 100%
databases el A Activity

1 MHET [#fREs a2 R 2 &
Figure 1 Mining of MHET degrading enzymes.
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*®2 FZIEAVEERYIENE

Table 2 The specific activities of the mined enzymes

No. Accession ID in the Organism Identity to Restricted site Enzyme activity
NCBI ISMHETase (%) 411 415 416 495 at 30 °C (U/mg)
ISMHETase WP_054022745.1  ldeonella sakaiensis 100 R F S F 22.7
201-F6
1 MBP6895731.1 Pseudacidovorax sp. 99 R F S F 20.2
WP_034389536.1  Comamonas thiooxydans 82 R F S F 15.0
3 WP_083293388.1  Hydrogenophaga sp. 73 R F S F 33
PMLI113
4 MBP8102505.1 Burkholderiaceae 68 R F S F 233
bacterium
5 WP_213773718.1  Bradyrhizobiumsp. dw_78 57 R A S F 3.8
6 KZY02578.1 Sulfitobacter sp. HI0023 47 K L S F 2.2
7 GAMO06779.1 Novosphingobium sp. 40 R F S H 4.1
MBES04
8 MXY23288.1 Acidobacteria bacterium 36 R F S L n.r.
9 WP_106000063.1  Sphingopyxis 34 R F S I n.r.

lindanitolerans

n.r.: No reaction (the formation of TPA was below the detection limit of high-performance liquid chromatography analysis).

TEPEREG, JE R T80 TER . ILAh,
T T G5 KA R AT 14 [R5 4 4 48 R AT DLk B
AR 40%)7 50—tk Thag P s, A
W, 3 AT DLk S SRR 8 e 90 AR ALV HE Iy i
TP 41 BT 1 B 6 P E D BB T 91 1) 240

2.3 BurkMHETase BJZ={E

2.3.1 A[E pH #8 E X BurkMHE Tase B30

Fiz RE 15 I0 5E JrvRAE 30 °CFSE T pH Xt
EAFEER . K 2B BoR, 7EAE pH
M, WERRERSE b S A BurkMHETase X
MHET WIMEALIZ N . ZBEETE pH 7.5 B 2R H
FEVEME, 7E pH g 7.0-10.0 B 376 M 8 o f R e
) 80%. 5 ISMHETase 7 pH 6.0 B2 w5 1%
PR, 24 pH {EKTF 7.0 B}, BurkMHETase
ARG LT [

FEfid pH 7.5 FAH5E T LB XT BurkMHETase
EPERZ I, 45 R R (8 2C), BurkMHETase
TE 30-45 °CHP R E , WIS PERECRFFTE 70%
Pl I . BurkMHETase 7E 30 °C F H A [t
ISMHETase i A6 1>, 34 FF & £ LR
T 5 i PET B f# i |SPETase 456 . MiliE I

&: 010-64807509

FEE 45 °CLL &, G s T Bk B K6 P Y
25%. Frlk BurkMHETase MY id i i E N
40 °C.,

232 £RBEFX BurkMHETase HIS2

T AR BT T Rei I 5 s LR AR L DR e
AR TAE R, DR AR A3 7 A B sl A
(SN, PRSI HP R 2 B mT LABE Me™ i
i, M BurkMHETase 345 B H X FIEi 52,
WK 2D Fis, 76 0.5 mmol/L ¥EE T, Mn®',
Mg* . Ca*", Ni*", Fe’", Co*". Cu™Hll Zn*"X}
BurkMHETase HSEMHAZIRESN, (UG m /e
F, TR T 86%—96%I1i% . 1M 5 mmol/L [
Cu*". Fe*'. Zn*"X} BurkMHETase & — & By
YERT, S50 B E R ARG 19% .
69%. 76%.

Xof T LASCAE 9 R o MRk 3, s K R
PITRAEARL 2 2 AT LA AR At S — bl o 5
. EARGEMGHE T B A
L@ M BE ISR T 0.5 mmol/LP?,  FiRFEAELS
JRFH], BurkMHETase 77512514 T KA 3155
TR 7 THAR A H 5 .

B<: cjb@im.ac.cn



780

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

——
45 4 5 6 7 8
35 — .

Relative activity
FNON
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3o}
(e}

0

I F PR S A

Metal ions

2 BurkMHETase HIEgS 4514

Y20 25 30 35 40 45

Temperature (°C)

50 55

K, =(1.8+0.2) umol/L

m

Activity (nmol/(
[\

1 k,=(24.2+0.5) 5!
1 1 1 1 1 1 1 1 1 ]

0 1020 30 40 50 60 70 80 90 100
MHET concentration (umol/L)
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Figure 2 Enzymatic properties of BurkMHETase. A: SDS-PAGE analysis of BurkMHETase (62.4 kDa). M:
Marker; Lane 1: BurkMHETase. B: Relative enzyme activity of BurkMHETase at different pH at 30 °C in
citrate buffer (squares; pH 4.0-6.0), phosphate buffer (diamonds; pH 6.0—8.0), Tris-HCI buffer (triangles; pH
7.0-9.0), and glycine-NaOH buffer (circles; pH 9.0—10.0). C: Relative enzyme activity of BurkMHETase in
45 mmol/L phosphate buffer (pH 7.5) at different temperatures. D: Relative enzyme activity of BurkMHETase
in the presence of different metal ions. E: Michaelis-Menten kinetics curve of 0.2 nmol/L BurkMHETase at
30 °C and pH 7.5. The standard deviation of the three replicates was shown by error bars.
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Figure 3 Dual-enzyme degradation of PET. Depolymerization performance of PET in the presence of different
enzymes at 30 °C. The concentrations of ISPETase and MHET-degrading enzyme (BurkMHETase or ISMHETase)
were 35 pg/mL and 3.5 pg/mL, respectively. The standard deviation of the three replicates was shown by error bars.
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Figure 4 Structural analysis and the activity of mutants of ISMHETase and BurkMHETase. A: Comparison of
the active site structures of ISMHETase and BurkMHETase. B: Comparison of the activity of wild-types and
mutants of ISMHETase and BurkMHETase. Error bars showed standard deviation of three replicates.
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Figure 5 The 192-position amino acid and hydrogen bonding network of ISMHETase. A: Carbon atoms in the

mutated Q192 were highlighted in pink. Hydrogen bonds shown in yellow dashed lines. B: Co and side chain
atoms of key residues of MHETases in the H-bond network shown as spheres and sticks, respectively.
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Figure 6 Comparison of the local structures of ISMHETase and homologous proteins. A: Comparison of the
structures of ISMHETase and BurkMHETase. B: Comparison of the structures of ISMHETase and the
homologous protein from Novosphingobium sp. MBES04.
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