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Scheme 1

electrospinning nanofibers attachment of HRP

Wy T Xk 7K AR v ) 46 T SRR R I 4 Ak BRBE
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1.1 X7

PUS Bk IR ( THF) . N, N-— F 3L B EE fii
(DMF) b i e 41 Lok B Ak &L (30% ) B 1% L ol iR
A T KA A A R AR R PR
P AR AR R T 2 I T [ 2 4
VA 223500 A R | 3895 43 Al i R i oK 28 4
b B o % A P i (HRP) 4= 176 2 F (BSA)
W4 F i Sigma 7 FR A A HELN MG R R O 00
G4, (AT 5% NaOH PR )5 148, 7680 °C
T UE R ZE A R AR K S A .

1.2 XZH-RERGREEY (SMAI) WEK

AR - R TR 3 SR W) el AR S % A L
B G R AR AR A R B IR B = D
A 100 mL 7K Kz Hi4K 25 mL K 205 (1.0 mL
FH 56 TR s 1R, o P 2 B2 O 150 rmp, 735 i AR 3 1 5
min J5HNA 0. 1 g 5] &t SRR, ) ni 1.5 h, &
OB VRV S FAE 70 ~ 80 °C R T, B4 3 4k
1.3 PSMAI kT4 # &

15 PSMAL 212 5 i 8] DMF % 5 p, =3 T
PEFE 2 h, AW R 10% 19 5 A0 i 25 15 U, 7
F il # FL 27 22 41 1 25 2245 5] PSMAT 48 K £F 4 i
B EIRLT4EE T 70 C oy BE 2 TR A0 b T R Ab

Immobilization

Chemical route for synthesis of styrene-co-methacrylic aicd copolymer and subsequent

L H.
1.4 PSMAI 4K &F 4 f% B 4L 1T | Y B

5 PSMAT 44 K £ 4 5 ik T 1% 19 4 1LV 2
9 ( BSA) ¥ i H 20 70 min, 22 IR ZE B K I .
T VE PRG540 K 5 2 15535 o0 7 o 4810 9 I i
W UK SR [ E | [51 28 HRP ) PSMAT 44K
CTAEREHUL S pH = 7.0 (1% B 192 £h 22 vh i Wk Uk
B3 ,ET 4 Coksah e AL AR S IiC/E PSMAL-
HRP.
1.5 RHEFERN

K H] Bradford J5 2 Kl HRP 7 £F 4 35 1 (1)
W o 25 H . 3 k48 A0 - 1T DO TSI 2 T M 5 A
FE 595 nm Ab 1 W A B AT AR - LR a2 AR A
S HRP AR W 0w B IR A (1) 7H B )
W25 q.

g = o2t (1)

m

K ¢ o HRP 7R 27 4E 3R 1 1) W B 45 5, mg/g; ¢,
Fl e 435Il 5& HRP 765 W b B9 90 4 W B2 70 R I ok
J&, mg/mL; V J& HRP ¥ AR, mL; m &
PSMAL £ 4k ) i &, .
1.6 R1F

LY 50 K B4R K B S-3000N ( HITACHI,
Japan ) B4 HL 5 UL 52 5 2R G W 4k 2 45 4 19 21 4b
J6ig A 1FS66/S #Y ({# [ BRUKER 2\ w] ) B i) 43
LT A AL 5 .
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1.7 HRP F &N E
1.7.1 ¥ HRP FiE &

K AR 2= 38 ( Worthington ) ¥l i HRP [
PR S S R IR I 1. 4 mL HE AN 4-
I L AR (4-AAP) B IR & W W (K 1 A 4-
AAP ¥ BE /R 32k 0. 172 mol/L,2.46 x 10 mol/
L) 1.5 mL 9y 3d SA fb S 0 2 26 92 v il (M B2 K
1.76 x10 ~° mol/L) ‘B T 1 em L, 4R J5 i
AU HRP IR A J5 s i A 5240 -0] W43 0ot 2
TR 3 min Y 510 nm 4RO BE 4 1 min fY
HKAE (LAZE IR K S 2 ) |, 9 BOF 3 DLt 55 i
I .

1.7.2 PSMAI-HRP Jif§ 1 I &

920 SR [ 37 25 HRP il 3% 00 i , >4 n A ] 22
A& HRP [ )i 3 min J5 , 18 8 98 4529 ] b 2o
AAL Y LA Z 0RO, BUE WCE T 1 em H A 0L
TE 510 nm T~ 000 V5 W 04 W' B
1.8 AR S EHIEDN

K AR 5 25 0 2 HRP A 1k &b 31 4B HH 4R
FEIE (OMP) B9 15 . OMP B3R P AR 4 2 X
(2)3t45.

Qo - 0.

0
X Q, HHIh OMP &, mg; Q¢ K% 1 OMP
& ,mg.

SEHG L AR AN R B PSMAI-HRP ((20 = 1)
mg) ; SR % 4 B HRP £ 15 mL H 2845
WA A 8. 06 x 10~ mol/L 4B H 4 3 4 1 mL,
ZEMWK 6.9 mL, £ AR A G, A 5.30 x 107°
mol/L H,0, I mL, % 2] 3 i1 KW — %€ B 0] J5
ke, FEIMA 0. 1 mL 0. 658 mol/L iR , 2 1k .
N, PAAR T H,0, #9725 [ T EAE 470 nm T I
o KR4 Al 02 S W 315 Hh R ¢k Y OMP i)

H .

P(%) = x 100% (2)

2 HR5IE

2.1 FHRIRKRIE

i HL 25 22 1 % B9 PSMAT 40 K £F 4 F [ 2%
HRP J5 9K 4EI & 1 fros. B 1(a) i PSMAI
GK R4, NE A LUE 2R 47 i R oG H
HAAAE (250 + 20) nm. & 1(b) N [E %k HRP J5 1Y
YUK YE , B AT DL 2 4 22 1 25 it Of kG %
fE—i, HRAE (280 £20) nm. X KW 2F 48 &
HRP [E 45 2 8 e 284k, WP 5w T2,

21 Y FL AR A HE . X T AR 7 4 A i A Al
W T R U R T AR e R v R R AR A T |

1425 i A2 TP

Fig. 1  Morphologies of (‘a) original PSMAI nanofibers and (b)
PSMALI nanofibers after immobilization HRP

PSMAT concentration in the spinning solution: 15 wt%
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Fig. 2 FTIR spectrum of PSMAT copolymer

2.3 EEAET HRP IR B 5 2 70 iE 1%

4 PSMAT # K £ 4E 532 T 1. 0 mg/mL i) pH
fE4 7.0 () HRP %3, % %2 [ 5@ B[] X HRP
T 2T 2 2 T 19 8 BRS¢ 5 RT3 1 10 52 i), 445 2R 4 1]
3 iR,
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Fig. 3 Effect of immobilization time on enzyme loading
capacity

ry Pl 3 AT D e I ] ) 48 o i 4 i
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NI 4 AT LLE 1 b ) e A T M
40 C M LT B IR & T 5 °C . Ui B A
B LB LR IR BE AR T 35 C B, Bl 25 U5 B A B2 T AR
it % 354 BT RN, [ A A T L it o R X 9 A T
PR YR KT 40 °C 1 sl A I 5E 1k Bl 1 A X
it 1 i 5 90 ) 35 i AT, 43R B SR )70 °C R
i 5 A 0 0% LT 58 4 O T i T3] 52 b T AT R 425 3
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Fig. 4  Effect of temperature on the activity of free and

immobilized HRP

50% B3 it 2 R BH D 1 B X R il T 1 E A
F14 i 5 £ 24 22 [0 F) AH BLAR 20 T i 2 TR 25 44 1Y
H B, R4 HRP 75 i T i 2R 5
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MIELS 2 B, U S I AN I 2 0 5 24 Bl
A S R0 35 0 T B AIG, 280 20 R Y == IR,
Ui B T P 3 M LA BR 40% T ] S Ak T 10 T e A
B ik 60% 37 T3 20% |, 3% 156 B [ < 1k i i
IO R TR G U B I, R T A X AT I 45 F
25 PSMAL 4l K £F 4 5% [ 7 Ak BR i 77 B 19 25 7] 44
GRS, W TIT R AN T 1 A R
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Fig. 5 Storage stability of free and immobilized HRP
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iy 56 4 % 6, 10 [ 2 AL B AR B T 30% 1 i . X
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B ARG pH RURE
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Fig. 6 Effect of pH on the activity of HRP
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A i HRP 1 PSMAI-HRP {14 2 [ 8508 PR 38 in
{E B 5 B[] A S A, 2 R8O 8 22 0 A B R . A
120 min § PSMAI-HRP OMP [ £ R A8 T
80.2% , 1fij F 1 HRP g &R H A 50.0% , ¥ ¥
PSMAI-HRP ELA7 Lt F f HRP 547 (1) 25 R 250 %
XATRE SR T O R R — T, 4k £ AL
PSMATLZ) K £F 4 5t X} OMP i) W i 7 F 5 o5 — 7

17, [&] 52 /£ PSMAT 27 4k 3¢ [ /) HRP [ = 20 At A
[ fi# OMP.

4 #hig

(1) SR TG R LR 5 43 V6 0o 28 & 0 PP Ak it 47
o 1 B T HA R T B B K S0 - R I I
ML) R4 A W 25 2 BOR BRI & T

100 HARAE 250 nm (R K £ M-H N I IR 9
(PSMAI) K - 4.
g ¥ (2) B PSMAT 5 K 2F 4 Jo 48 b i 1 2% %
g oof BAF B8 77 2 7 2F 4 2 16 [ 20 HRP. J £ 6] 42 1]
g . 4 b 285 P HRP AFAS HE L 5 B0 45 S UE 0 1 28 4k
E 1Y) HRP ELA T 4 () $Fe 0 Pk | A it e M AR AR
§ 20t 9 pH A 85U, T8 G TR JR IR EE T 19 i A
. - PSUALERD (3) % PSMAT 4 K 2F 4 [5] 4 fl. 1ty HRP 4b
e L R S T PR K o By 48 HY AR B R T, A% A 80.2% . X
Time (min) F U2k HRP 7675 K IG # v B A @ /Y 1
Fig. 7 Degradation kinetics of OMP by free HRP and PSMAI-HRP H 35
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IN SITU IMMOBILIZATION OF HORSERADISH PEROXIDASE ON
ELECTROSPUN POLY (STYRENE-co-METHACRYLIC AICD)
NANOFIBROUS MEMBRANE FOR CATALYTIC
TREATMENT OF POLYPHENOL

Chao Pan, Zhong-qi Luan, Xiao-jiao Wang, Ling Ma
( College of Science, Dalian Ocean University, Dalian 116023 )

Abstract Poly ( styrene-co-methacrylic aicd) ( PSMAI) nanofibers with carboxyl groups was prepared by a
combination of the soap-free emulsion polymerization method and electrospinning technique, which were
employed as solid support to immobilized horseradish peroxidase ( HRP) enzyme through the amide bond
formation between COOH of PSMAI-cell and NH, of HRP molecules. Scanning electron microscopy ( SEM) was
used to evaluate the morphology and diameter of the nanofibers. Surface carboxyl of these fibers was confirmed
by FTIR spectroscopy. The parameters about immobilizing HRP on the PSMAI nanofibers were studied and
influence on the activity of the HRP was discussed. This study showed that soap-free emulsion polymerization
method is an ideal technology to modify the polystyrene and ultimately achieve enzyme immobilization on
electrospun PSMAI nanofibers surface. The immobilized HRP showed better resistance to pH and temperature
than that of free form,and the storage stabilities,reusability of immobilized HRPs were significantly improved.
Immobilized HRP equipped in biological reactor is applied to treat the polyphenol waste water. The catalytic
removal efficiency of inmobilized HRP for removal of o-methoxyphenol ( OMP) remained above 80.2% for
120 min. Immobilized HRP equipped in biological reactor is applied to treat the phenol waste water.

Keywords Soap-free emulsion polymerization, Electrospun nanofibers, Horseradish peroxidase, Enzyme

immobilization, O-methoxyphenol degradation



