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Fig. 1 Typical SEM images of (a) PANI-FeCl; nanofibers
and (b) PANI nanofibers-HRP
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W, 33 R I 5 A HRP 5 e v e B ) W A e (i
i HRP 7E 1659 em ' Kb 77 76 W] 58 A POl e # Jak Wiz Wi
W ) 5 3R R ol R A B A B 45 2R L GIE B HRP A
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Fig. 2 FTIR spectra of PANI nanofibers, HRP and PANI-
HRP
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Ui 5 B PR 1 S AL ) B 7E 403 nm Ab A — 5% (1) 1)
Wb, Sy i 2T R A R (1 3 3 8] a) . 4B O
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B R WU U1 T T v ) AR A A ) 3R R R IR I
g TR R A7 RN S T T G AN T
Weh e (B 3 35 & o) 5 AR 184278 PANTL —3,
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Ab K 6 JFE W Ay B 3 A Ak - 1 TR i 0 (A 3 A

A g
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Fig. 3 UV-Visible spectra of (a) mechanically
mixture of PANI and HRP, (b) pure HRP, (¢) PANI
doped with HRP and (d) undoped PANI supports
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it 5 AR e B L 1) B, L 45 18 5 4T A Ik
T 9 40 BT 45 S — 3
2.2 BEEWNEEHTL
2.2.1 PANI ZX4& Xt HRP f4z Bt

Fie 1.3 5 R E AL B, 4 B LA R I 5 2
75 0B 45 2 11 5 e 4 K B R 78 R ) Y
08 i 19 % R T 5 AL B A 48 b 75 31 17 5 fL G
Bl 4(a) 45T UM R B HRP 4 i i 5 PANI
R 0 T L 5 0 B A 2 ) 06 B MK R R L
F i, B HRP BN A0 840, £ 48 8 PANT £/
AR (O B ) R TR, L A 4% T LG
I 434 00 A A e, 8 A 2B B A A
B 85 0 B 8 T B8 45 2 9 38 R e 5 K 0%

A 3K 150 pg/mgPANT, 1745 2% 75 1 58 7R Jig 48 1A A
AR A L I B s 30 A A g R I B 24 90
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£ 80t
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Fig. 4 (a) Effect of the amount of HRP exposed to PANI
nanofiers on loading of HRP on PANI and (b) effect of time
on loading of HRP on PANI nanofibers
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BOAN 2 0 BRI 24 bR B PR R W T
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h 2 J5 ke i AR AR T S ) i i k2R
A Ak, AT WG TR [ 9 PANT 2% #& , HRP 7 PANI
AR L AR — A8 I 20 ~24 howl
ik F AL
2.3 EELEBHEEER
2.3.1 i pH

SR AE AT Y pH fE (2.0 ~12.0) ,37 C 4
4T W 4 8 42 4k PANI-HRP iz 55 [ HRP f92E
WG, LA 2 RS pH . WIS Pl LU
i, [ 5E LA PANI-HRP A7 85 HRP H A AR LY
pH-3% PRI . X F 9 8 HRP 1 & , il B pH (K
H 8,16 pH /N T 4 (R ¥ SR A pH (K T 10 (1
PR PR Ui B A HRP (935 /N T #0f B pH
S F T WS 1 10% , JLF 58 42 26 0% i 15 52 16 1
PANI-HRP f)£E 435 VEAT T A0 07 i 42 15,
HORALE pH KT 10 8058 ME BR8] 52 Ak g 475 7T
45 5 3E pH 41 F i 1 9 60% , [7] i}, PANI-
HRP 1 5538 B pH i B [ BR PESE Bl 97 R T 2 A
fii,pH M 6 F| 8 [H 5 1 W40 EL AT 5% K10 35 o, T
W, ,PANI-HRP X} pH (%) i} 52 P15 2 7 B 8 % $2
=P
2.3.2 EOEERE

S AE A TR B (20 ~ 75 °C) el B pH 4%
R M 5E 8 % fb PANI-HRP Flii7 55 i HRP 2
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Fig. 5 Effect of pH on the activity of free HRP and PANI-
HRP

Vs vk, DO e e al iR . NI 6 ol LLE 1
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2 HRP Y BRI B & G Pk, YR = T 45 C
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Fig. 6 Effect of temperature on the activity of free HRP
and PANI-HRP
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1M 2435 Bk 45,60 °C i, [ % & PANI-HRP i
B HRP ELAT BT 4f (W $0 RS0 . [ 2 fL /i PANI-

HRP Z7F 45 °C £b3 120 min J5 47 A {75 85% 1Y
T95 P T 9 S L BE R R 40% Y TS . 60 C Y JiE
BB AP 30 min J5, UGB B ek, It
i} [ 42 1k PANI-HRP (%54 7 43% (935,120 min
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Fig. 7 The effect of temperature on the thermal stability of
free HRP and PANI-HRP
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Fig. 8 Storage stability of free HRP and PANI-HRP
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1 B e | B 7 5K 9 B ARG, WIS T 13% T £ :

3 i
1074 —o— PNAI-HRP ‘
\O\O—O_OS 783 LT 4K 7 2 R B A T R
S %l Wi 1 52 A AR 3o A 0 . A 5 et A o R
z ot G IR B 18 20 (0 08 1, 600 F B e
R B2 1, 46 7 e 6T 207 0, 2B G 3 1L
£ wl 59 g5 HRP A He, [ 52 ft PANI-HRP %f pH {i
Z FVEG R T3 32 B 04 T K BE O 4 1,4 °C &1
o , , , T4 7 JEF I fb PANT-HRP 3% 4 JL T 3% 5 1
! 2 chylenum‘;er : 6 g T MM 6 VR AT T AR 80% Ky, W
94 K 245 B e — ol B T P T L5
Fig. 9 Operational stability of PANI-HRP Tl f14) 125 %50 [ 2 4k
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Immobilization of Horseradish Peroxidase on Polyaniline Nanofibers

Hang-jun Ding' ", Xiang-hua Wen’, Zhou Yang', Huai Yang’
(" School of Materials Science and Engineering , University of Scinece& Technology Beijing , Beijing 100083 )
(? Depertent of Enviromenial Science and Engineering , Tsinghua university, Beijing 100084 )

(* School of Engineering , Peking University, Beijing 100871

Abstract PANI nanofibers oxidized by FeCl, were employed as the supports for the immobilization of
horseradish peroxidase ( HRP) via covalent immobilization. These PANI-HRP enzymes have been characterized
using scanning electron microscopy ( SEM) , Fourier transform infrared ( FTIR) spectroscopy and UV-Visible
spectroscopy. SEM images show that the diameters of PANI-nanofibers are in the range of 20 ~ 30 nm. The
nanofibers become larger and rough after immobolization of HRP. FTIR and UV-Vis demonstrate that
horseradish peroxidase can dope into PANI supports as the dopants. This method is simple, fast, and the
activation of PANI support is not necessary. The maximum amount of HRP loading on PANI is 150 wg/mgPANI
for undoped-PANI, 90 wg/mgPANI for doped-PANI, respectively. Comparing with the free HRP, the optimum
working pH ,the optimum working temperature and thermal stability of PANI-HRP were significantly improved.
No obvious activity loss was observed after 7 weeks storage at 4 C ,and 80% of the initial activity could still
remain even after 6 times usage. These results demonstrate that PANI nanofibers as a carriers for HRP enzymes
have great potential applications.

Keywords Polyaniline, Nanofibers, Horseradish peroxidase, Immobilization, Enzyme activity, Stability
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