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 E: R¥X ¥ B L8585 (polyethylene terephthalate, PET)Z 2% = R K eI K EE X —, {2
wTHEEFERLAERERE, RIFESF., BFEXAIE PET £ B TR &5, BRAKILSMLE L
A3k (carbohydrate binding module, CBM)#4 An N 7T VA& hu Bl 5 Jx M Z 18] 6 £ A= ), 38 & Bl 04 T iR 48
N AT L L ZHEHE PET Kigbs, AR A& PET F&/#8s LCC-ICCG ¥ 5l ARBR TR R LA
IR J& A 3 A 7 64 B KA B4 45 - 45 H1 3R (CBM), VA 5 %4 50 & PET B A A= L2 & PET JE 4 &4,
3t e B 0 TR AR AT T FAE, IR TR L e)Be., R AW, &4 B A CBM %
&7 Bt PET 49 ¢ % F= TofE, Mm3IANA. CE CBM &, éﬁéxﬂ%k/&% HIEREFHTRER
%, PET ¢9l&fgik 4o T, 053] T R, L A#SEH LCC-ICCG-CBM9-2 #f J£:X PET &4 49
F&ﬁ:’;%mwﬁ?%@& LCC-ICCG # 57 104 £, KR ehs %k k9, @idiI N A. C HE CBM
897 N, TAR & LCC-ICCG *f JEAK PET MM F Ao AL b, BELF ARG A, M A 3K
Wl fE PET. KRAFRT A M EMBHABIAR LT, AA THRALRF L,
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Abstract: Polyethylene terephthalate (PET) is a largely-produced polymer worldwide. However,
its extensive waste generation and resistance to degradation pose significant environmental
concerns. Consequently, there is considerable interest in researching enzymatic degradation of
PET. Relevant studies have shown that the addition of a carbohydrate binding module (CBM)
can increase the affinity between the enzyme and the substrate, enhancing the enzyme’s
degradation ability. In order to develop more efficient PET hydrolytic enzymes, this study
introduced carbohydrate binding domains (CBMs) from different families with different
substrate affinities into the PET-degrading enzyme LCC-ICCG. High crystallinity PET powder
and amorphous PET film were used as substrates to characterize the degradation efficiency of
the modified enzymes, aiming to explore the enzyme with the optimal degradation ability. The
results showed that the fusion of type B CBM reduced the degradation rate and T,, value of the
enzyme towards PET, while the introduction of type A and type C CBMs significantly improved
the degradation rate of the enzyme towards the film-like substrate. The degradation rate and Ty,
value of PET were also enhanced, especially with the fusion enzyme LCC-ICCG-CBM?9-2,
which showed an over 10-fold increase in the degradation rate compared to the original enzyme
LCC-ICCG. Therefore, this study demonstrates that by introducing type A and type C CBMs, the
degradation rate and thermal stability of LCC-ICCG towards film-like PET can be improved,
addressing the issue of its low activity and enabling more effective PET degradation. This
research provides support for plastic degradation technology and contributes to environmental
conservation efforts.

Keywords: polyethylene terephthalate (PET); biodegradation; PET-degrading enzyme; LCC-ICCG;
carbohydrate binding module (CBM)

HRME IR ARG A Z —, 4 BORRMIRAE 2K, T3t 2050 4K 578 8
Nk TERBEEF, R R R KF] 250 12 2 Hdr, 90%LL b B 7SR
I g (polyethylene terephthalate, PET)fx N LA 40 3T A0 R RS e B S5k s g 3R k) ]
B #RZE 2020 47, {5 PET %k & ik 3 REZXt 800 Z R A M A, ik, FoR¥E
8 716 Ji t11, SR A A A P RIAS 2 (1 b B BOUILE PET SRR AR T 1T b2
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VLA, BFXF PET B, S0k
R REAR 7 1 © O B . Ty 1 B PET,
T e WAV AR . PET FEAR ™)
A1 15 XF R — W g A FE £ Tig (bishydroxyethyl
terephthalate, BHET) ., X 7% — H [ig |1 % £ lis
[mono(2-hydroxybutyl) ester, MHET]. %} —H
2 (terephthalic acid, TPA) fll Z, — [ (ethylene
glycol, EG), 1 TPA il EG i AR =4 .
HI T PET BG5S M AR E . S5 ARG, 7
FIRVE N 1455 B 2 7 e U, DRt e i
REAC S, 76 FARIRE T R Tk = R 1k
7 2R AL PEA BRI A D A o Ay — B2k i
KAV, PET 3 AL FE 2R B (Tg) 29k 76 °C.
AAXS TSR PET T 5, REREETEIE G S T IR
PR, BREES Y T 0. H ETFR E R
PRIy SR P AP S B2 S AR o I, 4%
HEL ] o [ S o 418 i H A [ SR S 7, T
WA A o0 R 4 DEE: B— . g
PR ER 7 35 A0 3 i A ok, BAR T o
yaa L) 11 DT e B o - 1 e 2 ) I
G O bEE N, G fE Ak B R Ak
VRN o3k, UL IR R s 56 DUk I 3 Ak
e, mlBEE . (HLL B e ol A SR 15
Yelo R sk o ] SE A MR A AR B T Tz Ok
o AT B SR AS 23t 5 Y, AT 2N
FERSAYRERE, FOOHUA: P i) oo A R R i i
MW FHEFBRM T H, B—MLaedtsn
Refig ik, HRGATLGE L PET Ref#lsts PET
WEfh TPA Hl BG, FaAf o™ LR A B IACRT LIATE
FHH. B 2005 4 Miller 258745 2L
(Thermobifida fusca)H %& Bt a] LA /K fiff 58 Fils (3 2
J& PET)HIR IS , Ak R BL T Z2 70 PET R,
{BAREAAE SO A . AR e 22 | B AR 5%
G, BRI T PET REARE Y Tl H

h AR AR, R AR

&: 010-64807509

A1, 2019 AR F AR G 2 ] [ PR X))
BVEFTEI H PRI IR = R WA A 1 O
Rl A5 H R (MIXed plastics biodegradation and
UPcycling using microbial communities, MIX-UP)”,
I H R AR IR Y ik — BRI )AL, Bk
GRS 14 ZZARERHIRERAL , T S2 o Y
R AT A VRO LA R Az W K A S R Y
R, USRS LR A A K S
H A A2 mron] LUINse 22 BEg s, 2982
R A P BT DRI BT IR, TR AR i
PE . DREEL A OCHE I 1 20 A K, K3
S5 A T 5 B 1) R SRR AR T 5, e iE
BRI TR AR TR, T AL SRR AR A P
2, A2 E /N RS T R
J&, Silva UV it B P 28 A8 it TR H R AT
4 1 (Thermobifida fusa) i) Tfu 0883, i 548 {4
SHEYIMSERM SRR T 1.6 5, Son ZEUARHE
PETase MIZ5HFIHLIEA TG . WFFE BT 7oK
H K Bz #1 # (Ideonella sakaiensis) 201-F6 )
ISPETase [ B6—P7 LI FNLE S ALm, AT T
mEiE R RROE . T lHh 57.62 °C RAFK,
FLEFA: R Y 8.81 °C, Then ZE15 i 72 [ ik
WG | PETase, #RA% 1 HA & T, RS
A % fif T P I A ME B 3 5 i (leaf and branch
compost keratinase, LCC)J&— F H Al ¥ 7% JE 411
BRI 43 U6 1) R A A ) P bk 7 S T ). Shiirke
SRS R IIRERAL LCC 1R T 10 °CHif
Eb LCC BIRAERRE W & . Tournier P57 3%
WIFLZE A& LCC-ICCG *f PET HYREf#RE 1558 ,
HREARAAE 9.3 h IIKF] 90%, AW LCC-ICCG
HAE KRBT .

i KAL & W4 & Stk (carbohydrate binding
module, CBM)&—JEIEfALIE T & A,
AL IR GRS AL B, € =20 &
256 R (type A) . B5EX S5 G 5 (type B)FIZEMESS
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4% (type C)o CBM I LKA A 235 F4 S8 A o i1 4%
FEMT, WML R A ERR B, IR TR
YR LU, AL, S R HUR AR A AR
SEF I A EE R , ATSCE R KR SR IR S5 5
K FETH AR, Dai ZEUSHE ok 5 R AR
(Trichoderma reesei)f¥) CBM fil 5 %] |SPE Tase™*
K C R, M TIELGEE, 1SPETase™* CBM
TE 30 °CH1 40 °CF By /K i i P43 82 5 71.5%
M 44.5%; HEFABUREEN 2.5 pg/mL BN
20 ug/mL A}, I1sPETase™ CBM Aot fb 1 P 14
il 86%. Espino-Rammer 2"V Bl /K & 1 HF Bs
Al LA E 45 PETase WYWETE, #2&EHXT PET
LT R RE S . Zhang ZFPOFSE R IAGIA
Tfuc-CenA RS, MG RN PET 454568
J1¥EE 1.4-1.7 1%, PET R&fffe 14 1.5 %,

Xue 224 Chitinolyticbacter melyuanensis SYBC-H1
B9 JL T Ji 45 A48 (chitin-binding domain, ChBD)
B4 2 2 BT R E 19 LCC-ICCG 28 A1 C i,
JNHRXE PET A S S A W B g, A 1k e £ vy
T 19.6%. HEIAZEGIA—E#SHT PET %
RO ERAE 1, Graham 2P BFRHT, 24
AR E 43 AR T 10%KET, 51A1 5 F CBM A
iE PET MREAR, (05 T UL BUERT, AR EEX) PET
FIREAR R E 25035 97%, ME R A TE AR &
SRAEINGAL, iEHIZ CBM 5 AST T Tk B
PET [A] R A 2 0T Y . Weber 2531 1 441
SRS FN4F- 8 1 2R TG IA K N 2 BaCBMS 5
PET f454 . Dai 25 IFSE o 1 3R (3-F0 3 T R TR)
2t & 18 [poly(3-hydroxybutyrate)-binding domain,
PBM]Y IsPETase™" & ™ B MK T HAE /L
%1% , 1SPETase™™* PBM 7E 30 °CHI 40 °C F 7K
F I M 430 R IR AR B Y 46.4%F11 17.3%. A
FEHRE TSR A 3 FFIERY 325 CBM [TrcBM 1P
(PDB:2CBH, type A) . CFCBM4-1**) (PDB:1GU3,
type B).CBM9-21*/(PDB: 1182, type C)], TrCBM1

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

A = SRR AT DL R Y 45 6 B L R 1H
A DL R ) sl 4 S R A, CfCBMA4-1
S BV 5 B LT B A TR T ) 2% A B X
FRY), CBMY-2 KW A0 vl LU sl —
Bl s R R JFR SR . AR X =2
CBM 5 LCC-ICCG (PDB:7W45) (A D&%
IR IR E G M B e 0 AR Ak, JFaE AT
22 PR 0 1 HH e AR TS 1 RSO 1 CBM il
=

AR

1.1 BT

K % #F T (Escherichia coli) BL21(DE3)f#
T A, A PR % BT A 3 4 SR R
RIAYIFHL (L) A R G TTE e PET
5(0.25 mm JE R, 25 E/NT 8%) 5 PET My K
(300 um EL1%, 45 A KT 50%)F Goodfellow
/NHl; TPA. MHET #l BHET Wy bR Hi T
AR R A IR A ], Yoy agkg; B,
W ERRy W T 2R B R R B 2 | ok R IO
& . DNA =¥y a4k i) £ 0 F ma mt v MERE A
YR By A BR 2 w5 HoA =0 0 T [ 24 4 4]
2R A R A W

R R KB (50 mg/mL): FREL 1 g Hilik
R E A KB 50 mL BEFRH, A 20 mL
O WZEIK SR 431 i, AR 0.22 pm AT AL
T R AR L R S 432, R A 20 °CIRAEAS o

%S5 IPTG B (0.1 mol/L): FREL 1 g IPTG,
A 40 mL JowE MZE KPR, R)E
121 °CK B 20 min, —20 °CIR-A74 .
1.2 BHREREZENE

LB WiiAK:#3(g/L): BEAMK 10, BEE:
¥ 5, NaCl 10,

LB [E AR FR3E . 7] LB AR IR A
1.5% (BT AR 550 I B IE B
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1 LCC-ICCG 5=#%h CBM By&#4
Figure 1

A: LCC-ICCG. B: TrCBMI1. C: CfCBM4-1. D: CBM9-2
Structure of LCC-ICCG with three types of CBM. A: LCC-ICCG. Its catalytic triplet is on the

right side. B: TrCBM1. Left: The cleft. Right: The flat plane surface, defined as triplet tyrosine (color-coded
red) and surrounding residues. C: CfCBM4-1. Its chain-bound model is on the upper right side. Its binding
site is on the upper left side. D: CBM9-2. Three octahedral metal binding sites, presumed calcium, are drawn
in warm pink. Its oligosaccharide binding model is on the upper left side. Its binding site is on the upper right

side.

TB KB FRHE(g/L): EAM 10, MR
24, Hilh 5, K.HPO4-3H,0 16.43, KH,PO, 2.31,

TR ER 2% 1k (phosphate buffer, PB): 100 mmol/L
K,HPO, ] 100 mmol/L KH,PO, & % pH 8.0,

Tris-HC1 2% 1 (Tris-HCI buffer): 100 mmol/L
Tris MR J# 2 pH 8.0,

Talon 2% ¥ (binding buffer): 20 mmol/L
Tris-HCI (pH 8.0), 300 mmol/L NaCl,

BELFE Uk I 28 M (elution buffer): 20 mmol/L
Tris-HCI (pH 8.0), 300 mmol/L NaCl, 300 mmol/L
L
1.3 EBERRRAIE

B BT K A T A 1 e v O AR S Y
LCC-ICCG X (GenBank &35 : ON645351),
G35 T RIS IR i AL S Y 3 Fib

&: 010-64807509

2571 CBM R RI[TrCBM1 (GenBank & 3¢5 .

CM044617) .CfCBM4-1 (GenBank %53t 5 : KB445553)
il CBM9-2 (GenBank #3¢%5: CP069563.1)]ff
FH 3% 2 K 3L ¥ 91 (5'-GCTCTGGGTCGGACC

CGGGCTGCTACCGGTGGTGGTCGCCGGACG
ACGGGTGGTGGTGGTACCACG-3") %+, wilk

#| pET-26a (GenBank % 5% 5 : GU476292.1)iY%k
PP I BEAS FH Nde 1. Xho D), 3K75 H ARG LA .
14 BZEWMH&E5%K

JEAZ A 2N R PR SE B BRI A, Il A
T B 2 PR e A B A A L
1.5 FRAAVIZEL

W5y B B R I AT W B P& A ] 10 mL
LB R, 7E 37 °CFEIR LRG3 8-10 h, HL
2-4 mL R E O KRR LW, WET 2 UTTE R

B<: cjb@im.ac.cn



3710 ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

RAK, SRR B RS A=) TR A IR A v
DNA BRI & 50 G 6 W 5 31 T A, Sy
5Ok DNA SR BV 7 v 647 50 0E
1.6 PET [EfEES7E KT &E P BIFRIE

Pk H IR 2 LB ARG g5 16 37 °C.
200 r/min A 25 1F T R7FF 8-10 ho B IR HAY 5%
A TB AR E WS FR A, 37 °C. 200 r/min
PRTHEFE 2 ho MRRIRE (ODgoo)ik F 0.5-1.0
BN IPTG, M2 FE A %] 0.1 mmol/L, Jf
TE 25 °C. 200 r/min B2 F AT HEIE S K
W, FFZLHESE 24 he
1.7 ZERM4k

W E RN 7E—80 °C F ¥R % ZE /> 3 h, S5
JIA Talon 2% B TEIK, #4178
FEIF B0, B EE WO TR ALk XS 20%
CEERVEAE AT 0k, SRS AR AT IE I AR
b o AT HEAT 22 YR I I R AN () v B K s
(50, 100, 200 mmol/L)¥E i ik, IFUsE
FEfh . BIGIFETET 4 COKFE P IRAE,
SDS-PAGE #fi £ & 146 . Nanodrop Il % & 1
1.8 HFxE

TERE 3R 3 A CBM Ml PET K HiR¥
f PR PSS RS 2-38 2 LR 2R T R g
(2-hydroxyethyl terephthalate, EMT) 45 ¥4 %5 ,
XT3 Fi CBM HIZSH#EA AL, Adh SR 2% |
A FREE /MBI 1), FFH ] Avogadro
BAFA AL AL EMT 2544 . 2 J5 i Fil AutoDock
Vina®*WEA 7 % 2% , Pk H o o $de i 10 Aty
%o HREWMENEG RN E/ME, HHZHE
TE CBM Fl EMT 43R E FIdE 545515 Bl LA
F CBM X} PET 4% (56 M7, IR LA SAE R
Z: 21 A G 19 35 J5 MR A 22 (root mean square
deviation, RMSD),

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

1.9 PET PEfER
TE—> 100 mL BIBESHEAF, MA 49 mL

100 mmol/L #§BR 8 2% #h i (pH 8.0)F1 1 mL ¥k i
4 0.69 umol/L . pH 8.0. % 300 mmol/L NaCl
120 mmol/L Tris-HCI R 4ifbBHAW , RIG TR
fin 100 mg 19 PET iK# . 7£ 60 °CF Lk 170 r/min
) R BE 4 PR AT R IR SN . J N 48 h f R4
FESh, BEAERUEST 3 AR IR,
1.10 S3EHEEENE=Y

#4150 uL AR 150 ul (9 SR 6 ul
) HCI (6 mol/L)iR A fH/H 0.22 pm JERL L UE
J&, KEIRA R I S ROR AR 65 T 3 5
g FOHIFRAE S, AR EE A TPA
MHET #1 BHET Hll A% 100 mmol/L BFRANZE it
WP, A 150 uL BYHEEFA 6 pL () HCI
(6 mol/LYIR A& o ZEMIE AT, i 20 pL dEFF
Tt (Supelco, Bellefonte)f Discovery HS C18
HPLC #(150 mmx4.6 mm, 5 pm), 7€ 1 mmol/L
H,SO, H' A 1 mL/min A9 H BEES B (30%-90%) it
PO e, FE K 240 nm T A o HPLC #: 4
B A7) TPA. MHET #1 BHET!®,
1.11  ZRE#ER KA (differential scanning
fluorescence, DSF)N E & ## /R E (Tw)

il %% 0.4 mg/mL P2 I BTAE AL, JFREAATE
20 mmol/L Tris HCI (pH 8.0). 300 mmol/L NaCl
H S v A TP E ek DMSO H1i) SYPRO
orange 5 000xfiff & M B 22 250%, KR i
FERINER S A 4B 96 FL PCR # |, &L
PR ZART 25 pL. AL & 1 BTA SYPRO
orange IR UL 43517 0.14 mg/mL F1 10 %
BRFLEY EREARFAITR . 15 ul B AL 9 uL
0.4 mg/mL FHHBEWHM 1 uL 250xSYPRO
orange i BEIA TR . SR IG5 ot ik 85 I 4%
# PCR #i, HAEZEIR T LL 2 000 r/min iEd; 2 /0
5 min, RJEMHHIBCE ] 450/490 Uk I
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560/580 & HHIEE H ) CFX96 521 PCR & 45 ik
7 DSF 5256 . BFEAR L 0.3 °C/s HIEEFE M 25 °C
JAE] 100 °C, 45 0.03 s FEAT 1 RFEEMHE
T 81 Bio-Rad CFX Manager #{4H 45 45 i
2RI — o U e B e PO

1.12 A3 B F R W & (scanning electron
microscopy, SEM)

PRE RN 3 d JE YD, (S i 2Bk
REAFRE Y, FUAE TR ARG,
i 1 2 0BE B s R, EAE b R T
AR F) B AR XS A R 2, R
R DURAHIE M Ay G . R0 B s 494
TRAEE .

2 HERE4M

2.1 FRAIEEYIIEE

Fi¢ 1.5 H prid Jy P R BUTORE DNA J5 8 A FR
fillilF Nde 1. Xho I #EfrEEVIgRIE, Z5R Kl 2
fios, WA DNA FER/NILER 1. Zalfigy)
Ja, FESPRATEZ A DNA H B &, Hd

bp M 1 2 3 4  bp

5307
5230

1414
1165
964
798

B2 MFESEFANEY] Bk E

Figure 2  Electropherogram of double enzyme
digestion of four recombinant plasmids. M: DNA
marker; 1: pET26-SLJJO; 2: pET26-SLJJI; 3:
pET26-SL1J2; 4: pET26-SLJJ3.

&: 010-64807509

pET26-SLIJ0 H B T 5 5 307 bp #il 798 bp FHIT 1)
W4 DNA /Bt pET26-SLIJ1 3 T 5 5 230 bp
F1 964 bp FHIT I 45 DNA F B¢, pET26-SLIJ2
WL T 5 5230 bp A1 1 165 bp AHITHY i< DNA
B, pET26-SLIJ3 HPL 15 5230 bp F1 1 414 bp
FHIE AT 25 DNA R Bt Bk DNA HLUKAGHIN 45
SIS EAR/NMER, Ui 2 Bk 2 25 EIR
A
2.2 SDS-PAGE i

ok i Ty e e 22 8 R SRR T AR, I TR S
WY RENLRE R BRI, B0 PR B, B
M . ERAE LA h & 40, SDS-PAGE 45340
13 JE7R o S A Rl 28 1 45 /N LR 2, LCC-
ICCG.LCC-ICCG-TrCBM1 , LCC-ICCG-CfCBM4-1

Fz1 BN REYRERDN

Table 1 Plasmid cleavage site and product size
Plasmid name Plasmid  Restriction Product size

size (bp) endonuclease  (bp)

pET26-SLJJO 6 105 Nde I/Xho I 5307/798
pET26-SLJJ1 6 194 Nde I/Xho 1 5230/964
pET26-SLJJ2 6 395 Nde I/Xho 1 5230/1 165
pET26-SLJJ3 6 644 Nde I/Xho 1 5230/1 414

kDa

150 —
140—

100 —
75—
60—
45—

35—

25—

B3 [RipE85S 3 MELSEERY SDS-PAGE 247
Figure 3 SDS-PAGE analysis of the original enzyme
versus three fusion enzymes. M: Protein marker; 1:
LCC-ICCG; 2: LCC-ICCG-TrCBM1; 3: LCC-ICCG-
CfCBM4-1; 4: LCC-ICCG-CBM9-2.

B<: cjb@im.ac.cn
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x2 mOEEARKN

Table 2 The size of four proteins

Protein name Size (kDa)
LCC-ICCG 28.6
LCC-ICCG-TrCBM1 35.1
LCC-ICCG-CfCBM4-1 41.7
LCC-ICCG-CBM9-2 52.3

F1 LCC-ICCG-CBMY-2 Wi A SDS-PAGE #E /i
LKA B 28.6. 35.1, 41.7, 52.3 kDa
PR W H B AR, DLW P Rk R Aifk T
LCC-ICCG. LCC-ICCG-TrCBM1., LCC-ICCG-
CfCBM4-1 Fll LCC-ICCG-CBM9-2 iX 4 Flifif .
2.3 PET P&
2.3.1 =% CBM XY FEF0 89T
XPHETE G X BRI R R S 1 45 A e ik
i, 45558 TTCBM1 5 EMT %2R 45
4 BEN—34.754 4 kcal/mol, CfCBM4-1 5 EMT
SHER 454 BEN—13.374 5 kcal/mol, CBM9-2
5 EMT XJ42m9 %455 88 —45.516 3 kcal/mol
(# 3). CBM9-2 5 EMT 454 hEmAk, £
CBM9-2 5 EMT Z[a] B 2% Ak o1 5 H AR e o
HHZ T, TrCBM1 5 EMT Z [ 4545 68N
—34.754 4 kcal/mol, CfCBM4-1 5 EMT 2 [i]
() 454 RE H—13.374 5 keal/mol, X Fifh CBM 5
EMT (95 FEA X 8055, 8 — e R I
R T X PET SEA B9 X 50, [8] 7E LA
RMSD Hfi 4, MR har%c3 by
BB 2 (25%-T5%) AL EI Y, BT U
BG5S H A% CBM9-2 £/, TFCBM1 k2,
CfCBM4-1 i K(E 4). b F U4 B AT
DL BB 5 i A2 P AR S RMSD A8k ik
/N, UL TrecBM1 il CBM9-2 5 EMT 45444
R TR EME MG — B E R LR G
FEEE . LSRR E TrcBM1 f1 CBM9-2
AT CECBMA4-1 X 4 1Y 25 70 T3 AH X 38578
NT BTN A5 R, ] HPLC A&l 17 4 Fb

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

%*3 =% CBM 3 EMT W% & &
Table 3 The binding energy of the three CBMs to
EMT

CBM name Binding energy (kcal/mol)
TrCBM1 —34.754 4
CfCBM4-1 —13.3745
CBM9-2 —45.516 3
—I’ =
6 -
5 i [
§ 4
2
= [
~
2 L
1 -
o A A\ )
% o
(“Q% dcgﬂ\ C@YI\'

4 =% CBM xi#Z/5#) RMSD

Figure 4 RMSD after docking of three CBMs.
Box-and-whisker plots with center line represent the
median, boxes drawn from the lower to the upper
quartile, and whiskers drawn between the lowest
and highest RMSD values within 1.5 interquartile
range of the lower and upper quartile.
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Table 4 PET degradation rate at 48 h of reaction

Protein name

Degradation rate Degradation rate
to membranous
substrate (%)

to powdered
substrates (%)

LCC-ICCG 2.09 8.53
LCC-ICCG-TrCBM1 6.65 4.37
LCC-ICCG-CfCBM4-1 1.17 1.75

LCC-ICCG-CBM9-2  22.44 5.62

2Ry

8100 5.0 kV 10.7 mm 8 000= S

A: KA. B: LCC-ICCG 43, C: LCC-ICCG-TrCBM1 4b3. D: LCC-

ICCG-CfCBM4-1 4 3. E: LCC-ICCG-CBM9-2 &b (8 000x)

Figure 5 SEM image of PET film. A: Untreated. B: LCC-ICCG treated. C: LCC-ICCG-TrCBM1 treated. D:
LCC-ICCG-CfCBM4-1 treated. E: LCC-ICCG-CBMO9-2 treated (8 000x).
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Figure 6 Average reaction rate.
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Figure 7 Changes in PET degradation rate during reaction. A: 300 um diameter PET powder. B: Goodfellow

PET film with a thickness of 0.25 mm.
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Figure 8 HPLC analysis. A: Calibration standards. B:
The substrate is 300 um diameter PET powder. C:
Goodfellow PET film with a substrate thickness of
0.25 mm. 50 mg of filmed or powdered PET, and the
same amount of LCC-ICCG, LCC- ICCG-TrCBM1,
or LCC-ICCG-CBM9-2 were added to 100 mmol/L
phosphate buffer (pH 8.0), then treated at 60 °C for 48 h.
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X PRI A s A AR R B3 T LCC-ICCG
1 LCC-ICCG-TrCBM1 (% 5, K 9).
25 RIBTEMHRIEREEDSH
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e 6 FE 10 fiin. 254 SEM 4558, IR
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TrCBM1 #ll CBM9-2 5 EMT RY&5 A4 404 ml
HI(E 11), 76 TrICBMI 4543 72 Thrl7 . Thr24
SEATERL T 2 XA, Ser21, Cys25 Htik
T 2 XHEge a5k, Vall8, Cys19 S5EATE
T nbiEAHEAER, 78 CBM9-2 g At
Phel07 SR T 1 XaxE5H#, Argds.
Argl6l, Asnl72 SECAIERN T 4 XHES A,
Trp71. Trpl75 SEATEHL T n-n HEFR  IXFERYSSE
AR — R T AN CBM X %
71, 5 TrCBMI1 #HEL, CBM9-2 JTERIIES A
R H B2 HEP BT, 2 sandwich “EHEHIE
BT S5 AR T L m-dot HAR BAE PR B = 1Y) e
HEAH, TrCBM W 4545 B8 I 0 9 J32 S (IR A ik =
HAs L, FW CBM9-2 HIEYIMEZA ERE,

x5 Z=MESHIEETE S LLESE
Table 5 Enzymatic activity and specific enzymatic
activity of three enzymes

Protein name Membranous Powdered

substrate enzyme substrate enzyme

activity (U)/ activity (U)/
Specific enzyme  Specific enzyme
activity (U/mg)  activity (U/mg)

LCC-ICCG
LCC-ICCG-TrCBM1
LCC-ICCG-CBM9-2

2 116/73 228
8 648/246 400
28 339/541 866

10 446/361 475
17 950/511 413
28 618/547 193
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Figure 9 Enzymatic activity and specific enzymatic activity of three enzymes. A: Enzymatic activity. B:
Specific enzymatic activity.
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Table 6 Performance comparison of three fusion enzymes with the native enzyme

Protein name Degradation rate (membrane substrate/powdered substrate) (fold) T (°C) Reaction conditions
LCC-ICCG 1.00/1.00 83.2 60 °C, 48 h
LCC-ICCG-TrCBM1 3.18/0.51 91.3 60 °C, 48 h
LCC-ICCG-CfCBM4-1  0.56/0.21 647  60°C,48h
LCC-ICCG-CBM9-2 10.74/0.65 94.5 60 °C, 48 h
5, PETpowdes MEFET S O, o FAA R, B SRS SE R R T
30| ° ® oo LCC-ICCG-TrCBM1, J{ TrCBM Ak = e fk
S eyl D (Thrl7. Vall8. Thr24)i| L 5E¥%s4, Wt
E 5! Tl o BIECWENIZEE CBM KT IR 5 ik
£ 15 . leo. 2 MR L4 (B 1B), % T LCC-ICCG-
210l I50 CBM9-2, CBM9-2 45 2 1L 1) -7 H o
5 TL:I ’_,m ]—F 140 EATHESE 2 2R EE Trpl75 Fl Trp71,
0 " @» rﬁ_‘i' % 30 AT LGS G5 R )38 It R v JE B sandwich 45
CC\C oﬁ{db c\@’\*‘ U@&“ HF6 (E D)0 X s EEH LRSS I T Rl
& R TR WA S0 0 TR0 3 1 B o 5 PR
& SEVEROHRE . SERIRTE T LR BLHR 9 00 K
10 b Y1 A #. MAEVRAN CFCBM4-1 i, CfCBM4-1 %14
Figure 10 Properties of the four enzymes. HRR Y AR AR B (Tyr19, Tyr31., Tyr32)AY s K
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Combination mode of TrCBM1 and CBM9-2 with EMT. A: Hydrogen bond analysis of TrCBM1. B:

2D plot of TrCBMI interaction analysis with EMT. C: Aromatic analysis of CBM9-2. D: 2D plot of CBM9-2

interaction analysis with EMT.
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