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1 HMS pm  0.05 pum AlO; )
Table 1 Characterization of ODA-HMS and DDA-HMS , . GCE
s —wr Vew @ D L HMS ,
m- g om- g nm nm nm
ODA-HMS 718 0.57 6.54  4.04  2.50 2~3 0.1 mot L™' pH 7.0
DDA-HMS 943 0.53 511 3.35  1.76 PBS
Aser: total specific surface area; Viw: total mesopore volume; 4°C 0.1mot L' pH7.0
a: lattice parameter; D: mesopore diameter; L: wall thickness. PBS
HMS: hexagonal mesoporous slica; ODA: octadecylamine:
DDA: dodecylamine 1.3
270
(EG&G, USA). )
1.1 HMS HMS ’ ’
HMS [23]. ; 10 min,
(ODA) ( 36:6.5) ’
50T , H.O: — 400 mV, NO;
(TEOS) 1.0 TEOS: 0.27 ODA: 6.5 —800 mV. NEXUS 670 (Nicolet) FT-IR
EtOH: 36 H.0, 15min, 50 C 24, ASAP 2000 (Micromeritics. Norcross, GA)
h, , , 550 C 6h ODA-HMS
. DDA-HMS
, ODA DDA
( ) 2.1 HMS
1.
30 mg HMS 10 mL 3gL™! (HRP) (Hb) (Mb) ODA-
HMS , 100 pL 5L 3% (w) HMS . 1A b C
(PVA) HMS HRP GCE ODA-HMS/GCE
1.2 ODA-HMS/GCE , HRP
(GCE, 3 mm) 0.3 , ,
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1 ODA-HMS/GCE (A,a), HRP/GCE (A b), HRP/ODA-HMS/GCE (A, c), Mb/ODA-HMS/GCE (A, d),

HRP/ODA-HMS/GCE (B, a)
Fig.1

HRP/DDA-HMS/GCE (B,b)
Cyclic voltammograms of ODA-HMS/GCE (A, a), HRP/GCE (A, b), HRP/ODA-HMS/GCE (A, c),

Mb/ ODA-HMS/GCE (A, d), HRP/ODA-HMS/GCE (B, a) and HRP/DDA-HMS/GCE (B, b)
GCE: glassy carbon electrode, HRP: horseradish peroxidase, Mb: myoglobin;
PBS: (phosphate-buffered saline) 0. 1 mol L', pH 7. 0; scan rate: 100 mV s~
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GCE , HMS Hb ,
HRP . ODA- Hb,
HMS/GCE 0.1mol- L' pH7.0 PBS -0.232 -0.037V,
( 1A a), , (271
HRP HRP HRP Hb R Mb
ODA-HMS , ( 1A,d),
, HRP ODA-HMS -0. 167 -0.029V,
, HRP Mb . Mb ,
Mb ODA-HMS ,
HRP, .
2 GCE  ODA-HMS
HRP, -0.315V  -0.161 V.
3.35nm  DDA-HMS ODA-HMS ( , ,
4. 04 nm),
) ( 1B), 2.2 HMS
HRP )
HRP (291 2
, pH(5.5~9.3) N. s HRP Mb Hb , ODA-HMS
- 54. 5 mV/pH, , 31.2% 48.5% 15%,
) ODA-HMS , , HMS
Hb ODA-HMS /GCE .
, Hb/GCE 3 , ODA-HMS 1628 1089
, HMS Hb 968 805cm™! , 1628 cm™!
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ODA-HMS N:
Fig. 2

(c) and Mb(d)
Hb: hemoglobin

N: adsorption isotherms of ODA-HMS before
(a) and after immobilization of Hb(b), HRP

(c) FT-IR
FT-IR spectra of HRP (a), HMS (b) and
HRP/ODA-HMS (c)

Fig.3
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HMS 1 089 968 cm ™' 1 091 R 6.2x10"* mol- L~
975 cm™', 805 cm ™! , 1539 20 pmol- L™'"H.0. RSD 4.2%.
cm™! , HMS HRP 4C 0.1mol- L' pH7.0 PBS 52,
95% ,
1 089 968 cm ™! HRP 84. 5% 0.1mol- L' pH7.0 PBS
s HRP  HMS 3 , H:0; 8% s
2.3 HMS Hb Mb s
HRP HMS NO; . Hb/HMS /GCE NOs Kir
H.0, 58 49.3 pmol- L7,
95% HRP (201 (321 R NOsy 0.2~
. , H:0, 3.8 pmol- L. 30 6.11 x10°°
0.2 ~42 pmol- L, 0.9994(n = mot L , NOs> 93%
22), 2.33 wA- (mol L")~ 30 Mb/HMS GCE NO; KW 0.72 mmol-
R 1.7%x107° mol L', L, NOs 8.0~216 wmol- L,
8.5x107? mol- L~'B¥ 8.0x10 " mol- L™
HMS 40 pmol- L~' NaNO; RSD 5.2% .
H.0; 42 pmol L' , 4C0.1mol- L' pH
, , Michaelis-Menten 7.0 PBS 52 95% s
, HRP/HMS H.0, R 11%
(K#)  (0.260 £0.012) mmot L~', HRP
4.8 mmol- L-'B4 1.89 3
mmol- L', 2.3 HMS
mmo} L !0 11 mmol- L~'0 ,
, HMS HRP  H.O: ,
, HMS
Hb/HMS /GCE H.0: Ky 12. 3 pmol-
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Direct Electron Transfer of Protein Immobilized on Mesoporous Molecular Sieves Matrix*

Dai Zhi-Hui Ju Huang-Xian
( Department of Chemistry, Key Laboratory of Analytical Chemistry for Life Science, Ministry of Education of China,
Nanjing University, Nanjing 210093 )

Abstract  The direct electron transfer of different heme proteins immobilized on mesoporous molecular sieves
was studied. The direct electrochemistry of horseradish peroxidase (HRP), hemoglobin (Hb) and myoglobin
(Mb) immobilized on hexagonal mesoporous silica (HMS) was described, respectively. The immobilized heme
proteins at modified glassy carbon electrodes (GCE) showed good direct electrochemical behaviors, which depend-
ed on the specific properties of the HMS. Two couples of redox peaks corresponding to the Fe (III) to Fe (II) con-
version of the proteins intercalated in the mesopores and adsorbed on the surface of the HMS in 0. 1 mol- L~', pH
7. 0 PBS (phosphate-buffered saline), respectively, were observed. The amount of proteins intercalated in the
mesopores of HMS was proved to be related to the porous size. The result showed the electrode processes to be
surface-controlled electrode processes with a single proton transfer. The interactions between proteins and HMS
were investigated by using FT-IR, N adsorption isotherms and electrochemical methods, and the new biosensors of
hydrogen peroxide (H:0-) and nitrite (NOs ) were constructed. These works extended the application of HMS in

immobilizing protein, the direct electron transfer of protein and the construction of reagentless biosensors.
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