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Abstract:
in mesoporous silica FDU-12 with three-dimensional (3D) large cages and entrances. UV-Vis spectroscopy, Fourier

We report on a direct electron transfer and bioelectrocatalysis of horseradish peroxidase (HRP) immobilized

transform infrared (FTIR) spectroscopy, and impedance spectroscopy were used to prove the interaction between HRP
and FDU-12. Results from cyclic voltammetry show that immobilized HRP can undergo a direct quasi-reversible
electrochemical reaction. Its formal potential, E”, is —0.325 V in a phosphate buffer solution (PBS, pH 6.9) and this is
almost independent of the scan rate from 40 to 300 mV *s™. The experimental results also demonstrate that the
immobilized HRP retains its bioelectrocatalytic activity for the reduction of H,O,. Furthermore, the electrode can be
stored at 4 °C for several weeks without any loss of enzyme activity. Thus, FDU-12 is a novel matrix for realizing a

Immobilization and Direct Electrochemistry of Horseradish Peroxidase

direct electron transfer of various proteins and enzymes and the preparation of electrodes for the third biosensors.

Key Words: Horseradish peroxidase; FDU-12;

UTAER, AL B SRR AR b A B
HIAL“ARIT ST 32 3] T BOR B BT B 1 5GTE, X 4Lt
FEAL AT LLZRAT it i S e B P R 2 A Bl
Ty S D5 T AR, T E AR T
AR5 R 025 ooy B S P I, SRR Tl el AR A it i
PS5 A2 R 3 1A A i T DY ) 2R A R BIL R,
BIF e A 1 4 R B L e bR L 140 A e
i R S0 ) B TR AR e F T P A5 2 R A o

Direct electrochemisrty; Hydrogen peroxide;

Biosensor

FRYBIE R T AL SR T AR IR R
il ) HL T PO BT TR A B R PR B 2 1 PR 254
HONTIRELAT T A ELERE RS, BeAt, A it iU H
JRORIEEAE AR FEL R PR P o e R i A A I B 1 5
TG B A TR R B A R TR, SRR BEE fie
PEAEAIE U PRI A4 B R T AR 10 1] o 2k
IE B PR I 5 57k BAT AR B B 2 T L

B A AL VI BE(HRP), FHXS 73 H 290 3.98x

Received: May 11, 2009; Revised: July 3, 2009; Published on Web: September 10, 2009.
*Corresponding author. Email: maguoxian@shu.edu.cn; Tel: +86-21-56331346
© Editorial office of Acta Physico-Chimica Sinica



2062 Acta Phys. -Chim. Sin., 2009

Vol.25

10'-4.05x 10", R LR 0 R 12 BB ).
HiGEPOT A ML R, o FHAR 3.5 nm, i
JJE 8.9 HRP (Y E B AFIIREZ — 25 5GPk
AT

FL7E 1845 4F, HRP gt g Rl e o S b & 1
T TR R4 5 MZE I EL ], HRP 42
HAE A AR T8 B AL W 5 1 I 254
Bl F 2 NI ) 2 5 DA B F R v SR L o T
AR HRP 43+ 5 MR 1 515, &
AT P R0 SRS s B - TE LA FL A )
HH TR AE 52 B HRP E4EHL AL 2R A, A
Kresge S¢!""2I7E 1992 4£ 7 IR & A FL o+ 1 LA,
k5 FL A T3 i MCM-41 .SBA-15 HMS 45 T
HA TR FLE 25 3 — LR A F K LA
S AT — BRI N 2R 1 A 11 2 1) AR A Ak oL A
SCHRARE 22, A LA R FLAR /N 25 1 il 53+
5N EAER M FE R, A E LR RS
A ) T2 R4 B AR Tk, bR AL
12 R/ INBE R KARASF T lig o310 [ . 1AL AR K
/N, B FNREA RO AFLIE P, REN ITES N R
T, 30 K T 4 R i il R A () e s TTFLAR K,
I3 F45 5y WFLIE P it s HH R, 3Kt 2 5 i) il H AR )
FaE k. e, fEFEA LR FLAR 26200 S 53 4H
VERC, SRR 50 75 5 Motk A B4 WL BR il 25 1]

SEMRAFLA T3 FDU-12 & BAG .0 57 7 450
P lRE A FLA R, LA FLIEE 23 /N 7 F1AH
VR I 4 B A A LS [R). A — ek 4k
I REIE 4> 0, FDU-12 9 = 4 1 il fL I8 76 15 )5 I
BEA P ASCRIRATE B 1 RS 5 HRP
KNG FEAAE 3.5 nm)MH VAL FDU-12 LT
i, 3T FHW B Y 7 Yok HRP [E 3] FDU-12 |, F
JH Nafion fifi[&]. X[ 7€ /5 /9 HRP #E47 1 RAE.

1 £ I
1.1 EFIFn{LEE

HRP(EC 1.11.1.7, RZ>3, 300 U-mg~', Sigma 2
w)), Nafion K (51153408 5%, Aldrich), HO4(30%,
g E 2GR A, el A ek, ER AR — 2
afi Akl 1 b PR ELHEAH . 0.1 mol - L' B2 £h 5%
W& (PBS) i1 NaH,PO, il Na,HPO, A [&] . 151 Fic il i
B P IR 25 K e ).

TEIRR 2 S AE CHIG60A HL Ak T AESS (116
JRAAER A BR A F) B EAT. r A SEEe 4R A = Ak

KRR, LIB B A (GC) HUM Ry T A B A, 4 A H 5K
HLI (SCE) J 2 LU HLAR, 7S ST FH A9 LA, LA TS S A
XFF SCE (1, 22 Al %t . Ak 2 A =
N ST AERRR SEIET, o] B AR R P A S AR
30 min DARR 1 AE HO AR A 4, R SRR A v
Th 25 A AR T 8 L. 35 ) L BE (TEM) S 36 R
FH Jeol JEM-2010 #4555 ( H A HL &5 2A w]); 37 A8 46
£1HMNFTIR)YGIE M £ 7E Nicolet 360 FTIR 21411
I GEE e R 12 w)) F AT S 4h-nT WLk % 2
I 7£ UV-Vis spectrophotometer 8500 %5 #p-1J UL
AL (L F L HE A PR\ _E 34 T; BET Ml 7E
Micromeritics Tristar 3000(3& [F 2 e {Y #8523 7)) F i
17.

A FL ARG T FDU-12 2 IR B 7 =ik
BB 53 F (BOwPOREOw, F127) 2 4544 5 ] 5],
6] B ¥ i G ML KCl A A4+ 1,3,5-— B K
(TMB)E A e & R ZE B PE 4508 T 5 B, HAK
A G RS ISR 21
1.2 TiEERHE

¥ GC BB K 3 mm)Z3 5 6 S104%.0.3
F10.05 pwm ALO; il BT, S /5 7oK LB —
IRFEMEK P AB A T VE4S 1 min J5 B 45 AL BRI 2
mg FDU-12 #4380 T 1 mL 258 Tk b, Bl g 2
mg-mL" ) FDU-12 ¥ . Fl st BURE 23 B 10 pL
FDU-12 ¥ 5 10 wL 10 mg-mL™ HRP (15 0.1
mol L, pH 6.9 (] PBS HECHDIR A, Hit #EHUN
SRIGHL 5 pL RGPS B S5 7E GC HUflR I, =
BT RRE RIS, PR 1 WL Nafion ¥ Wi 76 HL
MR, B4 & 5 198 i A HRP-FDU-12/GC
MBI, RN T JS T 25 8 K ki 2 31 3 IOOF &
F 0.1 mol- L™ PBS(pH 6.9) 1 A& 2 WA R [} U HR P
. AR B AE T 4 THKEE . A
HRP, H[RIFE 75115 FDU-12/GC HL.

2 ZBRMITIL
2.1 BRNILHFH FDU-12 HIR1E

E 1 AR FL AT FDU-12 /) TEM [&. )\
BT DU A o B = A T LI S5 1, AT
FE VR Z BRI A FL IS 3 7 AR B34 RS I AR
F). IR S 12 AT LA B EEE 3] FDU-12 A L.
&1 2(A) Ry HAR R B N, W S5 IR 2k, 7T LA B
A MANY TV RUEEREI AR — B WL 3 5
IR, #H FDU-12 HAT L4544, {8 BET(Brunauer-



No.10

hEARE . HRP £E RAFLIEAR S L0 10 FDU-12 _F (9 E X FLi L e 2063

100 nny

1 FDU-12 MBSt R(TEM)R
Fig.1 Transmission electronmicroscopy (TEM)
image of FDU-12

Emmett-Teller) #1 BJH (Barret-Joyner-Halenda) J5 7%
XTFE AT T FLEE R FRAE, M SR W2 1. K 2(B)
A R ff FDU-12 () FLAR 2 A fi 6. DAl 26 mT X
F il FDU-12 W L4282 K20 15 nm, H g F RN
AT HR 8 B H A8 7K BRI BE A e, 2928 5-6
nm®. f1F HRP B4 F EA2Z M 3.5 nm, K I, @
i %t FDU-12 FL42 M 83 1R SFIE 2R, SR Ly
T FDU-12 0] LI A HRP B R4 [ R 2.
2.2 HRP # FDU-12 i EEH

h T FZELE T FDU-12 H1 i HRP (1) KR 1y
SRR, R 4R Y HRP Fil HRP-FDU-12 & 4 i
i T VAL R Sy 21U §5 W d S S PO VAL AN
SISEiE R TERE T ABERE I 24 (5 ks — Ry
PREAE IR . T M T 2 2 o ki B 48 | C—O fift
ARPRZN 51 Y. WERE 11 2 N—H A2l Fl C—
N a4 sh AL 6] 5 R Y. AR PR e 1 ANk 10 i ig
A7 B B8 Ak AT DU T 28 1 B2 A AR . 18] 3 R
T HRP Fl HRP-FDU-12 & A i) FTIR Jii. 76K

450 -
A)
o 400f
" —
E 350f I i
\3 | ]
=
_aé 300 /
2 e
Z 250t .
3 _l—-..-.
£ 200f -
] -
2 1s0b -~
o
L
of =
1 1 1 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0

r/p,

1 NFHFHFDU12 WREWELZHER

Table 1 Physicochemical properties of mesoporous
silica FDU-12

Sample Seer Pore volume Pore size Entrance
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Fig.2 N, adsorption-desorption isotherm (A) and pore size distribution curve (B) for FDU-12
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Fig.4 Nyquist plots for the electrochemical
impedance measurements of FDU-12/GC (a) and
HRP-FDU-12/GC (b) electrodes
solution: 0.1 mol+L™ KCI+10 mmol - L™ Fe(CN); /Fe(CN);";
R, solution resistance, R.: charge tranfer resistance;

Cy: double-layer capacitance; W: diffusion resistance
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Fig.5 CV curves of FDU-12/GC (a) and HRP-FDU-12/
GC (b) electrodes
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Fig.6 (A) Cyclic voltammograms of the HRP-FDU-12/GC electrodes at different scan rates; (B) Plots of the redox
peak currents vs scan rate obtained from Fig.6(A)
solution: 0.1 mol-L™ PBS, pH=6.9; scan rate (mV *s™): (a) 40, (b) 60, (c) 80, (d) 100, (e) 150, (f) 200, (g) 250
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Fig.7 (A) Cyclic voltammograms of HRP-FDU-12/GC electrode at various pH values; (B) Plot of E” of HRP vs pH
value of the solution from Fig.7(A)
solution: 0.1 mol-L™ PBS; pH value: (a) 9.2, (b) 8.1, (¢) 7.6, (d) 6.4, (e) 5.6, (f) 4.2; scan rate: 100 mV +s™
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Fig.8 (A) Cyclic voltammograms of H,0, at the HRP-FDU-12/GC electrode; (B) Relationship between the CV
catalytic reduction peak current and H,0, concentration in pH 6.9 buffers from Fig.8 (A)
solution: (a) 0, (b) 14 and (c) 21 pmol-L™" H,0, in 0.1 mol L™ PBS (pH 6.9); scan rate: 100 mV+s™
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