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The application of carbohydrate binding module-7hermobifida
fusca cutinase fusion protein in polyethylene terephthalate
degradation

ZHANG Ying"?*?, LIU Zhanzhi'??, LI Guangyao"*?, FU Xueni’, ZHANG Yucheng?,
WANG Zhiyuan?, TIAN Yaping®, WU Jing"*?

1 State Key Laboratory of Food Science and Technology, Jiangnan University, Wuxi 214122, Jiangsu, China
2 Key Laboratory of Industrial Biotechnology, Ministry of Education, School of Bioengineering, Jiangnan
University, Wuxi 214122, Jiangsu, China
3 Joint Laboratory for International Cooperation in Food Safety by the Ministry of Education, Jiangnan University,
Wuxi 214122, Jiangsu, China
Abstract: With the development of global economy, the dramatically increased production of
polyethylene terephthalate (PET) plastics has led to a remarkably increased amount of plastic waste.
PET waste can be treated by landfill, incineration, or biodegradation. While landfilling and incineration
may cause secondary pollution, biodegradation has since received increased attentions due to its
environmental friendliness. Recent studies have indicated that the carbohydrate binding module (CBM)
can effectively enhance the binding of PET degrading enzymes to PET, and consequently increasing
PET degradation rate. Here we constructed a fusion protein BaCBM2-Tfuc containing the BaCBM2
from Bacillus anthraci and the cutinase Tfuc from Thermobifida fusca, by megaprimer PCR of whole
plasmids (MEGAWHOP). Notabaly, the PET film degradation efficiency (at 60 °C) of BaCBM2-Tfuc
was 2.8 times that of Tfuc. This study may provide technical support for constructing fusion proteins

capable of efficiently degrading PET.

Keywords: polyethylene terephthalate; biodegradation; cutinase; carbohydrate-binding module; fusion
protein

WRHR R A UM R 2 —, SRR, AMuRE . PORMMURESE . 1973 AEH Wyeth Tk

R HEA S A, ez A TASR
Fidn, MR BT AR KA
H 20 th22 50 FACLIE, kbl i R 454
IR, BE 2017 4, 2EREIARIBEA
WO 83 2 P, XK H R £ TR
(polyethylene terephthalate, PET) f&—Ff1 i 3t
AL, X PE —H R (terephthalic acid, TPA)
F 1% (ethylene glycol, EG) il idFgsR &
M, 4> FaseE™, WHEA R
PO R, BT I N T v
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PET Ab¥ ik SR | S8 KA R
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TG IAET; Bpe R e . — S bk
FEH TR SR )5S Har, &
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Wy I it A DR G P 3 A T A P 58 7 1 R AUF 5 AR
o AEVIRER UM MEEN] PET A0KH, 3@
T 7K SR TR PR LT 2R (2-8 5L 43 X R
FHPRME (bis(2-hydroxyethyl) terephthalate, BHET)
M 2-32 CHH X R R IR (2-hydroxyethyl
methyl terephthalate, MHET), 4 fij /K fift & 7=
Y1 EG Hl TPA,

FIH, SCHRHRIE RERE R PET AYME 32 254
JR . BRIV R . R R TR . AR (R A
PETase!""'% . ff1)ffi§ (EC3.1.1.74) J& 0 LIKf#
TR BRRG , 30 T] LA AR — SO HE | RLBEAR I
BRME . Al PE B SR A FL A B H ol =g, 2
— M ZUIREK G, v LIREf# PET. {HJZ PET
REDCH B, 7> Ta e, R T s
Xf PET M45& 50t . sKRIESFHITE L, FIH
HAT PET JLhH 455 BE 1 9B K AL & W4l & i
(carbohydrate binding module, CBM) CenA A
HAA 5 Tfuc-CenA RS H 1, n A A G )
PET 254 RE 13898 1.4-1.7 £, PET FRMERLE
#E 15 %M Espino-Rammer 25 & ¥ K %
(Trichoderma) K5 M Hi/K & HFBs (HFB4 Fl
HFB7) W] i % & & 1 i TfCutl X PET Y /K
figg s =2, Ribitsch ZHFFERIFE R W], E
VR HE K B A R]R 5 TfCutl Xt PET
I TET 1) 5 280 B DA R it % v 1 Tslam 5§
TERGERK (anchor peptide, AP) JFHFFE TIRA
5, KgAK Tachystain TA2 525 il Ao
(Thermomonospora curvata) i 19 ff i i
Teur1278 FHERLG B, AT X SR BR AR R
2T 6.6 F514, [, TN CBM, AP 4841
IR B K SRR UL Loy T s S5 T B, TR
AR PET MfRBEXT PET RIAHISEARES, 12
R A Bk, et PET Féfi

AW AL (Bacillus anthraci) K
TR BaCBM2 SjREFRETH (Thermobifida fusca)

&: 010-64807509

fOFf S Tfuc MEERES A, R TIXEG
AW L PET FEfgvERE, MIE
PET [ Wi it T HoR S Hr

WL

L1 #FRFER

BRE . R IE T I E Oxiod 237 ;
PET J5I F 15 [E Goodfellow 23wl ; X 2K — H iR
(terephthalic acid, TPA) . X fi§ % & T & fs
(4-nitrophenyl butyrate, pNPB) . X fiff 5t 7K Wy
(p-nitrophenol, pNP) 14T 3 [E Sigma 2~ 7],
a2 s 2xPhanta Max Master Mix. DNA
Marker W4T Fe 500 MERE AR YR EOR Iy A
B H s RINIEBEIE SR Ik & TE =
KEVBE AR A A B4 e 508 i 12 46
(Linear Alklybezene Sulfonates, LAS) %5 %
R T 2 AR A
1.2 BEFRERERR

LB AR FR AL (g/L): B 10, BEEHE
B4 5, NaCl 10,

LB [EARFREE (¢/L): 7E LB AR
BMA 1% R (WID).

TB KB FRHE (g/L): EEM 10, BEERH
24, Hih 5, K,HPO,-3H,0 16.43, KH,PO, 2.31,

W R B 2% i . 100 mmol/L K,HPO, fi
100 mmol/L KH,PO, ¥ pH £ 8.0

255 2% P (binding buffer): 25 mmol/L
Tris-HCI (pH 8.0), 500 mmol/L NaCl,

Ve i 2% vh % (elution buffer): 25 mmol/L
Tris-HCI (pH 8.0), 500 mmol/L NaCl, 300 mmol/L
KR
1.3 BRIEREME K

K #& NCBI ' BaCBM2 4 3t 1 7% 41
(MK349005) FEZRA IR TS (GGGGS);,
G A
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1.4 PCRIEHFRIMBMER

KIHF B Escherichia coli BL21(DE3)/pET-
24a(+)-Tfuc (NCBI &3¢ 5: WP_011291330.1),
E. coli BL21(DE3)/pET-20b(+)-eGFP (NCBI %
S5 ABG78037.1) HIASE = Gl &its¥)
(F 1), FIFH PCR ¥4 BaCBM2 FliEHEIKFEA
1.5 FHRMAWEFGL

HR A8 KA A B fa B EEE DNA [
AU A P AL BR 1Y PCR 724, B 5 12 [
Wiy BeAE A Mega 519, F megaprimer PCR of
whole plasmids (MEGAWHOP) #) & 5 4H &t b
pET24a(+)-BaCBM2-Tfuc F pET20b(+)-BaCBM2-
eGFP,

¥ F3R PCR F=¥IH Dpn 1 #£ 37 ‘CAb3E 2 h,
Bl 2 PIEAL E E. coli IM109, PEIUA TR 7%
Wy I F N5 , s A6 2 E. coli BL21(DE3),
Iy ARSI ELLH E. coli BL21(DE3)/pET24a(+)-
BaCBM2-Tfuc 1 E. coli BL21(DE3)/pET20b(+)-
BaCBM2-¢G-FP.,
1.6 BaCBM2-Tfuc 1 BaCBM2-eGFP EY
ik

Sl EA WM TR LB B iAK
8-10 h; Fi& S FP it A F A TB WK K
BB E 8L, 37 °C. 200 r/min #R¥5 R 2 h, 1E
HAWE ODgoo A 0.5-1.0 I, fIIA IPTG F&
W 1 mmol/L, 25 °C. 200 r/min YEATHEH 15
FRWE 24 h,
17 BEERMSEHEL

WA % T 5 ORI T v, I T R v

5

R1 KARFAASY

ODyoo, ¥4 K 1K 8 000 r/min ., 4 “C#5.0> 20 min,
WA, F 50 mmol/L IBERRENZZ vhiR (pH
8.0) MW &, PRUERIAVE ODegoo 1E 25-30.
PERATT I o AT R R BERL TS, A TBERE , A
WOE B HAKEFE , 8 000 r/min., 4 “CEL.L> 20 min,
Wk B3, BISMHLERW . A binding buffer “F-ff
A, R EAE, MRJH 100 20, 30, 50,
100 #1200 mmol/L i) elution buffer [F &7 H ,
SR )5 Fl elution buffer VeI T HAYEH .
1.8 BaCBM2-eGFP X} PET f% 89 7% Y IR Fft
CEER

SR 2 mL 2 E{E K eGFP FlI
BaCBM2-¢GFP & T 1 cmx1 cm PET T,
25 C. 200 r/min ¥ F 1 ho WEE KRG, H
100 mmol/L {)#EFRH 2% sl (pH 8.0), 25 C.
5 min YE¥% 3 . F5HH 0.25 mmol/L LAS, 25 C
VERARFE S B MR . TROG IR R AR B
(Pt 488/530, HazE 800) FM%E PET BT
9SG B
1.9 BaCBM2-Tfuc E§iE HME

TE 37 CHRAFT, RMEZSHOGREEI E
S 1o RO AR 1.5 mL, 45 30 ul B
(FE M E 20-40 mg/L), 30 pL 50 mmol/L pNPB
A1 440 pL 10 mmol/L Tris-HCl Z& MK (pH
8.0), TEUE I 405 nm 4b, 0 5% pNP AR BH R

WIS B N - B pNPB i1k K fig
ZE R 1 pmol pNP T 75 22 0 i i B o — i i 7
Hpr (1 0),

Table 1  Primers used in this study

Primer names Primer sequences (5'—3") Size (bp)
BaCBM?2-eGFP-F GAAGGAGATATACATGCCACCTTCTCA 27
BaCBM?2-eGFP-R TGATACACGGGACATTGCCGCTGCAG 26
BaCBM2-Tfuc-F AGGAGATATACATATGGCCACCTTCTCAGT 30
BaCBM?2-Tfuc-R ATAAGGGTTGGCCATTGCCGCTGCAGCTGC 30

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

eid [z i pH I E < 100 mmol/L pH 6.0-9.5
(BEEE A 0.5) MIZZ IR, 37 CHIHA 10 min J5,
W HC 1 440 pL ZE 0 & 0.5 cm @I, S8)
T 30 pL MIRECRT 30 ul /Y pNPB i, 2
SISLENRA A 66T (405 nm), 4EBE S sid
SEWOEAE, RO 1 min. DLW B s S
100%, 154 pH T BIAHXT G

Toe 3 2 N IR I E - RSl pH T, K2R
HIRCE TR (4090 'C) FHi#t 10 min,
WL 1440 pL ZZ i £ 0.5 cm L@ I, S
B 30 pL AYBEWFD 30 pL A9 pNPB &7k, %
SINE BV OB EETE (405 nm), BERE S sid
SEWEGAE, KO 1 ming DL A SR EE S A
100%, 134 TREE T Al

TSR e R HE T 40 T
60 CHI 80 CrKimHaH, Tk —Bemf Al k4T H
FEFE IR 1.9 1907 200 o SR ARG , 8 LRV 0 h
B A 100%
1.11 s AFENE

FAGH B8 T B Bs A S IS i o & 2 1
A B EYE, 16 37 C. pH 8.0, JEWHKE
0.05-10.00 mmol/L Bl NIl x& 3l J12¢ 2%k F
FH Michaelis-Menten J7 %, 11830 1250k .
1.12 PET FEMRER A

AEFE PET . 0.1% SDS ¥R T 50 CHFH
30 min, 50 Ci#EF/KIFH 5 min, 50 CI/KL
M 5 min, 50 CHET

¥ Tfuc FIHE 2H G55 85 B INA & A PET I
(1 emx1 cm) BYBEIEAE, 23 9I7E 40 °C L 150 t/min
A1 60 °C . 150 r/min fHIE KB FE RN 4 d.
1.13 S3%4E (HPLC) MZE TPA & &

R EER G BT mL W, B0 E T
i 0.22 pmol/L JEMEE, W4T HPLC 23 #T .

44 Agilent 1200 HPLC f&i5%{%,

&: 010-64807509

Agilent A ZhEFERS, Athena C18-WP, 100 A,
4.6 mmx250 mm, 5 pm G354, Agilent £4b
K28 FEHIR I 65% (VIV) 1% 2, B 1 W Al
35%m BV R, AR E R 30 °C, WEh
0.5 mL/min,

1.14 HFHBETFRHHIE (SEM)

WEERE 2 1 B s “PVG M, 24 H ik F)
9.0x10° Pa i, HCAALFREFAIFESD . FEMRILKR
R, AT RAEMAESEW, B E,
BB PR X EE, WA RORAE R, BUE e T
PG, AR

2 BEREAW

2.1 FEEZEH BaCBM2-eGFP Rt & %t
PET [RE B REN ST

LI pET20b(+)-eGFP J#iti, Lk BaCBM2-
eGFP-F . BaCBM2-eGFP-R H51¥) (% 1), #4
A RS E H BaCBM2-eGFP,

BaCBM2-eGFP fl &% Y5 PET I H
gEG a0 I IR AR WU A I Al AR
FXF PET BEM 45 G 0L . 4R B (K 1),
XPHE4H eGFP 5 PET BEWF & . Vi), PET
[ WA 565 B . BaCBM2-eGFP 5 PET Jiit
WEE, VEMLE PET B LR sR B (S, KM
BaCBM2 %} PET A —Z 45 A RES -

2.2 FEAZEHA BaCBM2-Tfuc HIHE. &
mAEERERSEL

Ph pET24a(+)-Tfuc M#AR, UL BaCBM2-
Tfuc-F . BaCBM2-Tfuc-R 514 (F 1), {4
4 BaCBM2-Tfuc,

Rl A4 H BaCBM2-Tfuc KRRk, e
R, RSN REDLBRE , B0/ B, AP
OB . 20% B R B UTE, AR AR Al
452l , SDS-PAGE 20 a4 i 2 fin .
Tfuc FUMEE A K/NA 29 kDa, BaCBM2-Tfuc
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0 pum 100

1 BAEBERHIBELER (x40)
e S BaCBM2-eGFP; D: VEfiiJS eGFP
Figure 1

0 pum 100

0 pm 100

0 pm 100

A: JEH R AR BaCBM2-eGFP; B: W H J5 R eGFP; C:

Results of laser confocal microscopy (x40). (A) BaCBM2-eGFP is not eluted after incubation. (B)

eGFP is not eluted after incubation. (C) BaCBM2-eGFP after elution. (D) eGFP after elution.

kDa M 1 2
—
—
e

35.0 — s

—

25.0 — —

p—
—

2 SDS-PAGE ##f

Figure 2 SDS-PAGE analysis. M: standard
molecular weight protein; 1: Tfuc purified protein;
2: BaCBM2-Tfuc purified protein.

P 1K/ 37 kDa, 58 &0 A B
FA -3
2.3 A ER BaCBM2-Tfuc HIEGF 4R
2.3.1 F4E&EH BaCBM2-Tfuc HI&iE pH

Fii 110 ffr R ke B A E A
BaCBM2-Tfuc ££ 37 ‘CF . pH 6.0-9.5 1) 2& thiAk
Z P pNPB /Kf#IE . @A 8 BaCBM2-Tfuc
#£ pH 7.5-8.0 2 MR h IS 50 #20, pH 8.0

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

MG E AW RE pH (K 3), RUEIEGEN
BaCBM2-Tfuc 7E 55014 FREE T B & 5 o A
fitf Tfuc A& pH o 8.01°1,
232 RERERABEMN

fil 4575 11 BaCBM2-Tfuc 1E 40-80 ‘C&1FF
Pty 1% B 1S Iz 203 0 . IR R AL 80 CH,
BaCBM2-Tfuc HJHHEHE TR (B 4A). H Rl
S5 IR T 40 °C . 60 “CHI 80 CHyr,
B — B[R] EA T HRRE , 72 pNPB /K A Bl 136 12
PIRIRIR (4 CORAF, pH 8.0) HIMEMRIEE RN
100%. B4 EMATE 60 °C (Tfuc HIAETEE) 4&1F
TR 30 h (K 4C), 1E 40 C4AMF PR
210 h J5 BEE B AR FR7E 60%LA | (] 4B). flé

80+ §/ " \.
60 | \

1 -

Relative activity (%)

O 1 1 i 1 1 1 1 L J
55 60 65 70 7.5 80 85 9.0 9.5 10.0
pH

3 BaCBM2-Tfuc & i& pH
Figure 3 Optimal pH of BaCBM2-Tfuc.
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B 11 Bl N R R 80 °C, B AE X AN
TRGEARPSE 2k (K 4D), H PET
80 C T4 bR & 4 i, ASHFIF AR
ZEA DL BB, 1EEE 40 CHI 60 CHEfT PET &
it 1 FH
24 BMAFENMNE

9 7R Tfue A1 BaCBM2 4H i ) il
EARAGRE T4 HED2GE, AT
A M RIS ) 6 i 2L 2K T R TR (pNPB) 43
SR T EA A M Tfue AYBESPE. 7638 2
th 25 BT pNPB I3l 1% 2480 . 5 Tfuc ML,
Al G A Ko [HIIN, ke B BTG, fEALRCE
(kea/Kw) WA PTHEIM . AHHLT Tfue, MGHEA
N i BaCBM2 %5 #4351 i /K M ] i FELAS 5

100

Relative activity (%)

404

—

45 60 75
Temperature (°C)

90

100
80 f
60
40+

Relative activity (%)

201

10 15 20 25 30 35 40
1 (h)

0 5

w)

Relative activity (%)

Relative activity (%)

pNPB 454, S8 K, Fhim. Wi, i+
BaCBM2 Z5¥y38 LA Bk, SFEURYRE,
PRI Bl 2 1T RS B 5 pNPB R, S5
Keat BE T
2.5 %t PET ERRFEREMERERI DT
2.5.1 HPLC #&0 &

F T WF BaCBM2-Tfuc @A 1R &2
1 PET [IREARACR, L Tfuc xR, & T &
GHE AN PET MREMAE, SR WHE 5,
BaCBM2-Tfuc Fif &8 M Tfuc 43 HI4LHE PET
Wi 4 dJ5, MR HPLC 45041, 40 CF,
BaCBM2-Tfuc [4fi# PET JIE Y R 382 Tfuc Y
1.3 1%; 60 ‘CF, BaCBM2-Tfuc [4f# PET /Y
[ A2 02 Tfuc 1Y 2.8 15

120

100

60

80

120 160 200

t (h)

100
80

60

40

20

10
t(h)

E 4 BaCBM2-Tfuc RiERE (A) RREREM (B: 40°C; C: 60°C; D: 80 C)
Figure 4 Optimum temperature (A) and temperature stability (B: 40 °C; C: 60 °C; D: 80 °C) of

BaCBM2-Tfuc.
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*k2 HHhEBSH
Table 2 Kinetic parameters
Cutinase pNPB
Km kcat (Sil) kcat/Km
(mmol/L) (mmol/(L-s))
Tfuc 0.12+£0.02  120.79£16.69 1 006.57
BaCBM2-Tfuc 0.17+£0.01 187.48+1.35 1102.81
25¢
20F W
£ 15p
b
g 10F
8
Il
=]
o
Q o4l
0.3F
02
8'(', i —
’ oC oC oC oC
N QO Q Q
N\’L"wc’e ‘@016 \NLS{“CA 1&0"3‘
paC? paC®

5 ¥ PET BIERYFERE
Figure 5 The rate of degrading PET film.

T 7% BH A U O T 2 A PR R SE AL TR A
PP AL BRI 19 PET £F4E, REEN 0.41%.
H A2 25 0OV R B0 — R A T ok A B P23 E AT T
(Ideonella sakaiensis) 201-F6, BEWZLL 0.13 mg/d
(R R A% PET WL, Tk IR R B, A

FHEA PET M 454 e 01 it K AL & W46 415
B CenA 48 #f1 Jifilf Tfuc-CenA @& T, WK
PET [FERRCEIER 1.5 5. XL A9, A0
AE—ERE LIRS T Tfue X PET HYMEARRL
T HIEMAE YRR IKIER Tfuc-CenA
A EE

2.5.2 SEM #&

25 FAXTIEZE (8] 6A) KL . Tfuc b3
4d, REAEHMAE, JHA MR MINE
(&l 6B). BaCBM2-Tfuc il {525 [ 28 [FI R 45 R4
P 4d, REHAERE MK, A0 8 ME, L5
KEFEMIS (K 6C). SEM 5 E—i
B K AL G ) 45 G B AT DL = i XS AN %5 P
PET J AW BfE 25, H8in PET i 25 v il () vk B
AT 2 75 %t PET AYRR k%

3 4

i IR AR B A 1] BaCBM2 X PET
A—EM4iGae) . REFH MEGAWHOP
PCR i AR &Em A HEFH BaCBM2-Tfuc,
BaCBM2-Tfuc Wi pH A 8.0, HidikE A
80 ‘C. LIX pNPB [y a) Jy5# il R, FHLL
F Tfuc, BaCBM2-Tfuc X} pNPB [ Ky M kea
YA TG In. @hA 8 BaCBM2-Tfuc 7£ 60 C

6 PET HR{AEEIRE

A: RALFR; B:. Tfuc fAJEEFALEE; C: BaCBM2-Tfuc AbFE (8 000x%)

Figure 6 SEM image of PET film. (A) Untreated. (B) Tfuc treated. (C) BaCBM2-Tfuc treated (8 000x%).

http://journals.im.ac.cn/cjben
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(Tfuc Fi@ iR E) FE3EWIN 30 h, X PET 1Y)
R S Tfuc 1 2.8 £ . AN 5T 3¢ BHAE 1 8 i
BaCBM2 1] LI &4 & Tfuc X PET 145
ARES, MM dE PET F&f#%, NIEFE PET AUk
PR b it T HOR SRR
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