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Abstract: With the decrease of forest timber resources, the recycling of waste paper has received
increasing attention. However, the stickies produced in the process of waste paper recycling may negatively
affect the production of recycled paper. The biological decomposition of stickies, which has the advantages
of high efficiency, high specificity and pollution-free, is achieved mainly through the enzymatic cleavage of
the ester bond in the stickies components to prevent flocculation. Cutinase is a serine esterase that can
degrade some components of the stickies. Previous research indicated that the anchor peptide tachystatin A2
(TA2) is able to bind polyurethane. In this study, the cutinase HiC derived from Humicola insolens was used
to construct a fusion protein HiC-TA2 by megaprimer PCR of the whole plasmid (MEGAWHOP). The
enzymatic properties and the degradation efficiency of the fusion protein on poly(ethyl acrylate) (PEA), a
model substrate of stickies component, were determined. The results showed that the degradation efficiency,
the size decrease of PEA particle, and the amount of ethanol produced by HiC-TA2 were 1.5 times,
6.8 times, and 1.4 times of that by HiC, respectively. These results demonstrated that TA2 improved the
degradation efficiency of HiC on PEA. This study provides a useful reference for biological decomposition

of stickies produced in the process of recycled paper production.

Keywords: stickies; cutinase; anchor peptide; poly(ethyl acrylate)
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FAE Y5 Qe I, HA &R, £ —.
JC 5 Y S LAY A TR R 4% i vb ) 1
JFH 2 52 3] | PN A 4R AT B EE AR

A Wy TR R T A I R 4 o R Y
RHE, FRAURFYIRETE, WD IREYIRAS,
BT 1 RRG I B 228 . (e PR R W i i 2 48
Wb, BREGRROCR i W, B )
2™ R T 2 A IR ER G, 2 —Fh T DAR
fife A T (K fR B, R B2 R B AR I X
ATV PR RE . AN R R R R AR A
REfAER, E—Fh ZIRERE"" . Hong % RS
IR, A 5T TR ARG B 32 R o B D TR
B —EWREREAVERT, AT LUE 2 7K fif 2R PN 94 TR e
AOmREE, Bk

B %66 0 A 7K ORH B 05 vh 2 S D T AR S A
TE, 1A J5T T A A AR P b 5 T AR i 2R
255 BE AT BR 5l KRB R & H L 0
FeE VI A G R )T, EA ST DR ROVAK R34
ZAERZAR AR Ritbsam 2511 B4 E K LCT X
RNEHRIR S5 568 )T o Islam M4 E ik
Tachystatin A2 (TA2) 55§ Teur1278 F4HELA,
FilA AR, X 3R A TR A K UKL 1Y I A %R 2
Teur1278 HF/EAIA 6.6 1. KL, H5 ff1 JSUfl Al BE
SRR R ERAS S R E IR RE, A B TR E A
JR X R RE MDA SRR, DT R PR AR

ARSI BEE (Humicola insolens)
KRB #A T HiC A E IK TA2 M2 Rl A
HiC-TA2, &1t e/ WEEE (Pichia pastoris) KM71
KEEFR KGR HIC-TA2 MIBFAM R, I
HIiC-TA2 3 i % ) 19 15 XU 4 3R TR 0 TR 2 T
(PEA) MIREAMFRCRIAT T RAL .

1 #RE5xF*

1.1 E A BRAL
KIBFFE (Escherichia coli) IM 109 F154 7k
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[%EE (Pichia pastoris) KM71 SNASZEG = A%
%, T2H Bk pPICIK-HiC H AR S22 Bij ke 2 -
P, TA2 B RALE LN B R A
FHEABRA AlG BOFDHETE pET-20b FAEIA |
1.2 MR EEE

FERERT . 2R TR F € Oxoid A Fl 5 XM
FIE TR (pNPB). PEA I H £ [H Sigma-
Aldrich A#], HH PEA 43 FH1E 17 000 Da /&£
£ ; 2xPhanta Max Master Mix. 45 [ marker.
DNA marker W F pd 50 MERE A UL 0 A
BRZS ] RN LR BE R VKR & TR 2 R
AR BRI ] 5 R R SRR
iE DNA [Nt & 3 B RARAE LR A PR
ONE] s At P oA i R 0 [ 2 4

PTC-200 7Y k% R 4 ¥4 AL 1 F 3£ B MJ
Research /A 7); DYY-6C BIAZ R vk A ) Tt
FN— KA BRI B RRUE T
%[ Bio-Rad A H]; 1HIRARG 546 AT LA
FEAER s SAMT LA 6 THIAF H A Shimadzu
Nl GC-2030AF RIS AH AU B H AR 5 3
N QUKRIEE B2 ZETA LA AR BTN T35 [
IR SR AT BR A H]
1.3 #EHH

LB it (g/L): BEEAMK 10.0, EELER
HPy 5.0, NaCl10.0, [4A3%5 3525 5 U n e fg
15.0,

YPD B30k (g/L): HEMAM 20.0, Mk
FEHUY) 10.0, #ZAEBE 20.0,

MD [ A FR5E (g/L): BilEH 15.0, #Hi%
B 20.0, 4EZ 4.0x10*, YNB 13.4,

BMMY }iFid (g/L): FEERERE 10.0,
YNB 13.4, "E¥E 4.0x10°*, B 20.0.

BMGY 535 (g/L): B8 15 20.0, YNB
13.4, FEEHEEW) 10.0, APF 4.0x10°%, Hil
10.0.,
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1.4 PCR ¥y #EEMEREKEHRNAEE

SEEG RS Wt 1 s . A PCR 3
1 TA2 FERERKIEN . PCR WK Z (50 pl):
2xPhanta Max Master Mix (25 puL), TA2 FliZ%E$#2
BEFE (1 L), 51¥ HiC-TA2-F (10 pumol/L,
0.5 pL), 5% HiC-TA2-R (10 pmol/L, 0.5 uL),
ddH,O (23 pL). PCR § #4454 h - FilAE4:: 94 °C,
4min; Z8ME. 98°C, 10s; iBk: 55°C, 30s;
FEMf. 72°C, 30s; FATLEff: 72 °C, 10 min;
4 °C, fRAf . HpAsp-R K- E S 30 PMEIR.

X PCR W A TR R HHEE I M, Bl )5 LA
Jist BT Y DNA F BN Mega primer, FK5]
Yy kL 1 (Megaprimer PCR of whole
plasmids, MEGAWHOP)!'" ¥4 # & 41 it %
pPICI9K-HiC-TA2, PCR JZ WK Z (50 pL): 2x
Phanta Max Master Mix (25 uL), Mega primer
(2 uL), ki DNA #ity pPICOK-HiC (0.5 L),
ddH,0 (22.5 uL),PCR #"## 55 F hy ik : 72 °C,
5 min; FAEPE: 98 'C, 2 min; B 98 C,
30s; B 55°C, 30s; ZEff: 72 °C, 6 min;
FEAFGEM . 72 °C, 10 min; 4 C, {f£fF. Hrp
AR k- IE MR 25 AMER. 37 CT, ¥k
& PCR =¥ H Dpn 1 4b¥ 2 h, BG4
LZE E. coli IM109, R TE V&I T .
1.5 FHHRPMBFHURERESEZLFR
i 52 A B

00 7 B S B 4L R pPIC9K-HiC-TA2
PEATERMEARAL L ML R R R (10 pL): 10xL
Zeth (1 L), BokL (7 pL), ddH,O (1 pL),

*1 KW

Sac 1 (1 pL). ¥ FiRERIMAZE] 1.5 mL EP 4
W, CE T 37 CHEEKE SR BT 2 h, KAk
PG By BURE 28 HL i B AL A B SR AR R KMT1
RSZ S0, 1 mol/L IhZLEEE 75 1.5 h 5
WAGTE MD [ AR |, 30 CHiFE 2-3 d.

1 O FE MD AR K Bl T Vi 119 B8 iR [ B
FHK A S PR ECRVR B AN [W] 1) G418 YPD P-4l
LT RE, AR ERUEET 30 CIEIRIE SR
FAREIR . PRIUAE SR G418 AR A K 1y
20 PRFAE V5 E] 10 mL 19 YPD £ 3356, 30 C
RegE 1do ZJa B YPD i FR 3R E 2.5 mL
HIREAE] 50 mL 19 BMGY 5323t , 30 CHs
F21d, FEAFEIHME . ZE7EBEE Pk
50 mL B e A B & K r s 0 g,
BT, 5000 v/min, B0 5 min, ZEHE R, B
R A 3E 2o e i S F 25 mL () BMMY
Bege gk, IR 375 pL R, 30 CHEFE,
B 24 h £ 250 pL HEE, JEEE5R 4d. Z)5
D b VW, T B A L T
Fit 135 v 1140 B Shy B8 R e R 1) v 5 DL AR T
1.6 FAREBRYESIE N E

SR 22406 BE 100 5 A SR A g s U
SV AR R K 1.5 mL, H 465 30 uL /s
B (B M BETE 5-10 mg/L 2ZJa)) #1470 uL
& 50 mmol/L A NHMREN S 10 mmol/L
pNPB 19 Tris-HC1 2t (pH 8.0) ;4 s i 1A 5
F 37 CRUAT RN, RN AR, it 25y
S BE ARSI S N AR P A 405 nm AR HOE
B, DAIE SRl 9 114 A B R

Table 1  Primers used in this study

Primer name Primer sequence (5'—3") Size (bp)
HiC-TA2-F CTTCGTGATCGTATTCGTGCTGCTGAGGCAGCAGCG 30
HiC-TA2-R CTCGAGTGCGGCCGCAAGCTTTTAATAGCGTTGGCAACG 33

http://journals.im.ac.cn/cjben
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£ Tl IS 0 Ol 2 FE 37 CF, Barah
4k, pNPB 7K i A B0 1 pmol X iy 56 iy 1) it EY
R —ATE 1AL (1 0)
1.7 EH@&KRAE

(1) BT B R B BT A8 B T 2% up
W BT . BB AT S e BB LR
0.22 pm B TCHLAH B8 B L 38

(2) BAE 735 #ett MonoQ 4lifk . BHE 732
ekt MonoQ S 2 FoK vhik 5 AR, T
2% i A (50 mmol/L /) Tris-HCI1 28 % , pH
8.5) WAy KA 5E A A B A A )
i FHZZ MR A Mk 3-5 MERBUORE L R4S
MM FHZ Ml B (%Ml A+1 mol/L NaCl)
PEATREEE DRI, Wi M 1 mL/min, 7EJ7 K 280 nm
RSN A TR, SR TR EE>50 AR
AR =N 0 SO B e S| S R g = R =SB B
SDS-PAGE #4740 #7 .

(3) Aifb5E s , U B 7K L 0.5 mol/L
) NaOH . 25 F /KX B 85 728 3k oA 7 gk,
B AT 20% 2 .
1.8 EFMHRMAR
1.8.1 &i& pH #1 pH f2 E RN E

i pH: /- IEAR pH 254 T (pH 6.0-9.0)
D7 ff BT A B G O U s B TS O 100%,
FEA S BTS2 4 E 43 H T 58 LA X il T
ZErR R N Tris-HCl ZE A& (pH 7.0-9.0).
BERRE 22 PR R (6.0-7.0)

pH R etk : 37 CT, ¥ — & m i HEAR
Hi% 53 51T pH 5.0-10.0 BRI H I 72 h
Jo W TG o 9 RS 1 100%, J5SLI
(6] o5, A B G 5 2 4 A 40 Fe T B AR X S © i
MR R . BERRERZZ P (pH 5.0-6.0)
Tris-HCl ZZ 0 (pH 7.0-8.0) FI'H & fR- A A
FRANZE vh (pH 9.0-10.0).

. 010-64807509

1.8.2 HIEREREREMHRNE

BB IR 7efad pH T, 43900052 45w il
WAEARRIEIE 4 F (30-90 C) MRS, & X
e S A 100%, TS [FIREE S5 00N B AR
it 15

T BERS M KB E T 30 'CHI 50 C
o, B IORE I LTS . L 0 h T N
100%, Tl 4% Bl B 55 2 4% 8 4 B E 3 LA X
it
1.9 7kfi# PEA HITRERAE
1.9.1 PEA Ri&Z /KRR HE N E

(1) PEA W I BCH] - B 1 g PEA Z N,
FNEEZZE 100 mL, SRR E N 1%5)
W, &

(2) BU1 mL ¥ N 1% PEA ST 15 mL
e S B, AR Tris-HCl 28 wf i
(50 mmol/L, pH 8.0) Hiksid il mhG& 2 R,
fEZARFA 10 mL, SEERZ AT A A H
MEASEY N 2.5 nmol., 7E 50 °C . 150 r/min
(KK FEIR R 6 h, FF 20 66 T 2
P 600 nm Ab Y SRR R B EE AR AR s L
W0 RIS B TR 100%, 2 s 4% 15} ] sk
(R B 5 2 4% E 43 L E B R X B o 28 vt
HEAH RN I, SCO41°h HIC il i Ab B 28 A
HiC-TA2 Filt & 25 1 B AL 3, 1> S g 2 i
3T R

(3) il S A4 2R B AR ek B AR A T
PEA ML FEHUR
1.9.2 PEA #iREZKiEE IR ZNE

W E 3R SN2 IR SN R A T A e K
AHEE 1 mL BRSO, F M6
0.22 pum fLEEK/NEIZKARUE S X B g w171t
U8 o LR B SN VA AR R & ZETA H
R TR Rl R NE IR TR S e o 2
3AFATRERE
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1.9.3 KEEFEMHINE

W b3 I I 45 RS 1 s oy YA P T 2 <0R
EIE M QR R 354 : DB-WAX (30 mx
0.32 mx0.25 pm), AEIRA RS RE N 180 'C, 41
WA S 1, AR 40 CL M 1.2 mL/min,
FID K #EE R 260 'C, 5. &R BWS
B9 HE 2 8 400 mL/min ., 40 mL/min .

30 mL/min,

2 BEREAW

2.1 FLAFRK pPICIK-HiC-TA2 HiHgiE

FIH MEGAWHOP #4) 3 8 41 i . pPIC9K -
HiC-TA2 )it FE ANl 1 s
2.2 T#EHE P pastoris KM71/pPICIK-HiC-
TA2 WL F iR i S1EM A B2

25 3ok - Al I 3 R R O 22 e ¢ U 4 B 1
Xf pNPB 1 il 1% % & ) 5% A4k + B9 i 9SO
21 U/mL. @b @888 = 0ok M 4h HiC-TA2 [
W AT B B Fac it g, Xt alifbfs i
HiC-TA2 #£4T SDS-PAGE 4347 H1 b il 1% i 5
R E 2 Frs JHIC W8 1R/ 20 kDa,
A Z A SCHkRGE 25 3, . flG A HiC-TA2
(& KR/ K 30 kDa, FEAHINSE R,
%4 1900 U/mg.
2.3 HiC-TA2 ByEEF RN E
23.1 mEEREFMEBEREMHENE

% 1.7 W prid J5 5 € HiC-TA2 il HiC )
il AR E R e . SRR 3-4 FrR,
1E 30-80 CHYFLHEN, HiC-TA2 (1 Bl & T
BT TR, 80 CHEFA A & {H, 90 CHt
WA TR TR, R HiIC-TA2 5oE i E R
80 ‘C, 5 HiC A,

eI R EME 1, HiC-TA2 Al HiC £
50 CHt'E 48 h Z W H I T EHHE R E S,
5 2 i i s BLR AU B, 7R

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

pET20b-TA2 % ori 4

3863 bp

pPICOK-HiC
9 855 bp

Kank® PleS4
- linker ¥ TA2 Homology arm
1 Mega primer _ 216
~ o
S
‘L r
' 5'AOXI
_ /_ | Pigyo-factor
ori /¢ HiC-TA2

pPIC9K-HiC-TA2
10 038 bp

Kan® PpHIS4

1 E4HEHK pPICIK-HIC-TA2HIERIE  H
FHl PCR 4" 4 78 JFi kL pET20b-TA2 |- TA2 Fli%
PEIREE, P LY P okAy DNA J Bkl
Mega primer, i if MEGAWHOP % % % i ki
pPICOK-HiC |, Hy#E:E 4 Fk: pPICIK-HiC-TA2

Figure 1 Construction of the recombinant plasmid
pPIC9K-HiC-TA2. The TA2 and linker peptide
genes on pET20b-742 were amplified by PCR, then
the amplified DNA fragment was used as the Mega
primer and linked to the plasmid pPIC9K-HiC by

MEGAWHOP to construct the recombinant plasmid
pPICIK-HiC-TA2.

kDa M | 2
97.2 — z

66.4 — -

443 — .

29.0 — . s
20—

14.3—.

2 HiC-TA2 #J SDS-PAGE 7 #
Figure 2 SDS-PAGE analysis of HiC-TA2. M: standard
molecular weight protein; 1: HiC; 2: HiC-TA2.
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1H0r  —sHiC

——HiC-TA2
100 -
90
80
70 F

60

Relative activity (%)

50
40 |

| | 1
30 40 50 60 70 80 90
Temperature (°C)

E 3 HiC 1 HIC-TA2 MR S8 E
Figure 3
HiC-TA2.

Optimum temperature of HiC and

A 120t .
—a— HiC
110 - ——HiC-TA2

100 [
90 r
80
70 -
60 -
50r
40
30

Relative activity (%)

50 100 150 200 250
t (h)

ot

120 - —=—HiC
—— HiC-TA2

[ee]
(=]
T

[=))
S
T

Relative activity (%)

~
S
T

50 100 150 200 250
t(h)

o

4 HiC FA HiC-TA2 7£ 30 C (A) #1050 C (B)
THIREREM

Figure 4 Temperature stability of HiC and HiC-TA2
at 30 °C (A) and 50 °C (B).
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30 CHI50 CHIFEE T, HIC-TA2 fY i il I
Ji) 4 S T AR, F) 3k 240 h 24 EAR T 50%,
5 HIC ByAEXTEE A2 L AR, AT L, TA2
%) Rl 5 % HiC-TA2 A dpe i Tk B2 0 I B2 A2 0 1 44
BeAT B 52
2.3.2 & pH 1 pH & E MR E

% 1.8 Hh TR J7 LI E HiC-TA2 il HIiC 1Y
& pH A pH BaE . S5 R anE 5-6 s, 18
pH 6.0-8.5 FIFEE N, HiC-TA2 WG % pH

120 -
—a— HiC

—&—HiC-TA2
100 F

60

40+

Relative activity (%)

20r

2 60 65 70 75 80 85 90

pH

5 HiC #0 HiC-TA2 BI&iE pH
Figure 5 Optimal pH of HiC and HiC-TA2.

—a— HiC

NF A HiC-TA2

70

50

Relative activity (%)

3 0 1 1 1 1 1 1

6 HiC #1 HiC-TA2 8 pH T2 E ™
Figure 6 pH stability of HiC and HiC-TA2.
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BT+, 76 pH 8.0-8.5 B B ik e i
1E pH 9.0 B2 B8 TR, 5 HIiC Ml . Hitn]
UL HIC-TA2 5 HiC MHIA], A ssmairh A o,
i& pH JEFIl 8.0-8.5,

1E pH FaEPE )5, HiC-TA2 Hl HiC #2
1£ pH 9.0 B A Fe i B9 RS E M . T HiC-TA2 7E 4%
pH T A X B 4R 285 F HiC, IERH HiC-TA2
) pH F&E 4 & T HiC,
2.4 PEA HIMEFEMRESRIE
2.4.1 PEA RRZ/KEEHIRET L

WE 7 i, 25 O BEZH A Jol B e o [ A
fb—HEAEZNE R, BAHE 6 h JGkEN T1%.
XA PEA AN F oK, DRI 25 J5E 9 TN Bl 375
IMAGKAH VARG, PEA 2xtrilt, S22
TR R AR 76 SN i B — A IR S DLUE
SR E TR, HIC AR EETER N 0.5 h J5 i
FRE, MZRRMGHGTMERERE 31%. X
S DR 2 RG> 0 S SR N M 1 B
HORE T KB N, BAS S HAY) kR
£, DRI N R R B Bt 2 MR T T RE
PR D, UE B AR SOR BT . HiC-TA2 414

—v— Control
100 - —s—HiC
—— HiC-TA2
g 80 +
>
E 60
3
L)
Z 40+
=
L)
="
20
0 | | 1 1 1 1 1

3
¢ (h)
&7 PEA #BHENHENTL

Figure 7 The change of relative turbidity of
PEA.
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0.5h JGlaTHRE, M TG, &R
(KA Il B R 2 TE 12%, 2 HIiC 4 B A 0w
1 1.5 £ B 8 RN JE s iEl Fr, iR
R NR RSB WNE R ERE B A
W, fEEOLE |, HIC-TA2>HIC>%s XA
24.2 PEA BREZTKBREHRAETH

B T 38 2 ok B AR fb R AR B PEA K 1T )5 R
HWIDIRUE BLLASE , ki K/ R R IR &
WiBBER Tz — ik 2 P, EEX
REZH PR AR BT IR AH ELFEAR T 7.6 nm, HiC &b
SR R BRARIE/N T 50.6 nm, T HiC-TA2
SIS AR R RAR /N T 299.1 nm. X JEK
& K fRPEAT, KT ZE AN, PEA AE
YER 10855, R+ PIRERE I8, Kitk, Hi

s

Control

8 HiC i HiC-TA2 [&f# PEA RIZERSR A
Figure 8 Degradation of PEA by HiC and HiC-TA2.

%2 PEA BIRZENE
Table 2 The size of PEA particle

Item Particle size (nm)  Change in particle
size (nm)

Initial value 485.6£2.6 /

Control 478.0+£3.0 -7.6

HiC 435.0+6.8 -50.6

HiC-TA2 186.5+1.1 -299.1




FHiE SR REREARE-HERMAEANBERELCEBERENMPIINA

TR/ NIE R 7K AR O R G . HIC-TA2 A3 5 14
Z R I/ ME & HIC 19 6.8 £%. Htkal I,
TA2 A B T 158 HiC X} PEA F/Kf# .
2.43 PEA HiR/KEREBF~HINE

PEA WIBRHEREE KIS, 200 RN
WO, L, R s Nk R i O RE S
W BEAE A PEAG S B AT AR B AR 2 — o Tias
SRR 2 FE S RS R R 3 iR
25 N B B A R ) T, TR T AE
211 K2 W R A8 0 3 AR R PEA AR 3840 T S 0k v L
MR B2, T AE S B, HIC 21 L BE
TR TS AT RRZE, AT DI B s A S A S
ESETT. HIC-TA2 41 S im, /& HiC 4
1) 1.4 4%, 8] HiC-TA2 #4119 PEA FEFFLE L
HiC MK, HUbnl L, TA2 A BFiE5E HiC
X} PEA WK

3 4k

A W TR JEE R 42 T v ) iy P B A B 2
FI) [ P A0 4CA T B EE AW, T R O X TR R 1Y)
e A AL B 7 1 AR R W i i A AR K
BT 7 o ASZI HIC RYFEIN S TA2 A3 K
i+ MEGAWHOP i R Br7E £ 83K pPICIK
b, FREEAL RS AR KMT1 b AT R Rk,
RS R T A EA HIC-TA2, HiC-TA2
WEIRE . RERE M ARE pH 5 HIC M4,
pH F4 58 PE s A7 42 55 . HiC-TA2 X} PEA MU Y F%
ff AR HIC 1Y 1.5 %, RN AR R A kA2 0/ IME

*3 PEAKBEERHCERS

Table 3 The amount of ethanol produced after
PEA hydrolysis

Item The amount of ethanol (mmol/L)

Control 0.8+0.1

HiC 1.1£0.1

HiC-TA2 1.5£0.1

. 010-64807509

S HIC [ 6.8 %, =¥ LR A R & HIiC 1Y
1.4 1%  AHF5E W TA2 A B T2 % HiC %} PEA
K AR BSR4 kB e AR AU B 0 1)
W98 BLAT 22 A BRI S22 S
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