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Cu, Zn-SOD(M, =32000, Sigma 23] ); ITO S HL B (WD T mBHE A BRA ) 5 8 4 (4l
99.99% ) ; HE R AHraRF, LI K R IR ZEEK.

DM 220 #m EASHEIE 5 (IR E R AFIEIT) 5 Agilent 8453 RIS HM-T] WA Heo BT (424
AT, EE) ; HHEMARGLT AN (FTIR) Y% ( Thermo 2 @), 5[ ) ; JSM-5510 F14HL 7 2 8% ( H
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A FRER S X BLRATHHMY ( Bruker AXS, 3E[HE), CHI 660 H{b2# 25 ( CH Instruments A ), 32
).

SR = AR R . SOD/ZnO B FI A TAEHRM, 1 Ag/AgCl AR A2 FLHL , Pt 22 Ha Al A XF
FLAR.
1.2 Nano-ZnO [ER &I &
1.2.1 S@3##IT0) tEk K ITO RIS TEK 28 | S ARS8 = R &M K AE 7 I v we L
B, A YGRS, S ELEE RAFEK MR 1TO.
1.2.2 7ZnO 4k ER S F & KGO IRIFR Zn FF1 ITO B F DM 220 BB G i, 78 H A8 KR
LI (~15 A) 250 FERE R THE, WEEGTE ITO S LIPS B S BRI, SR 5 BT S gl pr
(600 C), Bes &R ZnO 9K
1.3 SOD f&imB R H &

W ZnO BRRETT 0.2 mmol/L (1) SOD W, 4 C A4 T FukFE P fE, AHIEHE T PBS
RIS
2 #RE5WE
2.1 Nano-ZnO R RAE
2.1.1 EREMH KA Y HE AR DURNE H A5 A9 40 K 0B ZnO B K2 1TO /Y SEM LA 1, Horf
B 1(A) N ITO (1) SEM &, & 1(B) MHIEAE ITO EAY ZnO KR SEM K. K 1l LIE H, T
FIE ITO I Z ALY KA AL BE RO SR AR A ZnO B, Hirp ZnO KGR EARFE 50 ~ 100 nm 2 [H].

Fig.1 SEM images of bare ITO(A) and nano-ZnO film(B)
2.1.2 BT WRBOLERAE  ZnO GIAKRERY S50 1T WIS (H1BR 1TO F550000) Wnf&l 2 Fis.
AT UL ZnO K B 5 KU A T 368 nm b, RIEZAIK E =he/A, THHAFEIE = 3.37 eV, X5 Zn0
A E IR AR SO BB EAAT, 3R 1 (B) HAYZALYPKBRLIE ZnO.
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Fig.2 UV-Vis absoption spectrum of nano-ZnO film Fig.3 XRD patterns of ITO(a) and nano-ZnO(b)

2.1.3 @BRAE ZnO HOKER XRD EITEILE 3, HiBk o 24 ITO 1Y X SFEAGHGHE, 354 0
B4 ZnO QKRG Y X BTRATGIE. MIELZE o A1 b BXTEL R aT LI, ZnO JEAT ITO B AH b H EE
TR ET g, b 3 ASSRIGEXT R 260 {65510 34. 447°, 36. 259°H131. 781°, 5 JCPDS(-R A5
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5 SRR A 4 R — e

2.2 SOD/ZnO &R

2.2.1 SOD 7 Nano-ZnO fE v A% b By B 8 v 71 %
1E 25 pmol/L PBS(pH 7.2) FHIMEIR 22 (CV) il
RO ILIE 4 BHZE o B0 b (FAHEESE A 100 mV/s).
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ZnO YRR I FE AR AR FE I 5 19 SOD A& 1 FEL i
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UL SOD 7 ZnO I BRI S0 T 4 115 38.
HE— 2 SR AE R, ST S I H 3L Bl 2 4 ek
o ORI G, HELMEXR, W% R
— IR, AR SCR 20 ] 7 vATHAAT R Y
AT EE R, =0.56, a, =0.44, LT ZnO(b) in 25 pmol/L PBS(pH 7.2)

MM EE E =(17£2) s ' (n=4). Scan rate: 100 mV/s.
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Fig.4 CVs obtains at nano-ZnO film(a) and SOD/
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Fig.5 Nyquist plot obtained at SOD/ZnO(A) and nano-ZnO film(B) in 0. 1 mol/L KCI solution

containing 1 mmol/L [Fe(CN),] 3-/4-
EIS conditions: potential 0.35 V; alternative voltage S mV ; frequency range 0. 01—10° Ha.

G R AT IHE H SOD 7 ZnO JE AW i (6) 2 254 98.21% .

R, sonmo — R,
e, $01/7n0 o, 7n0
6 = <L =2 % 100%

Rm , S0D/Zn0

T, R, oo HIEM SOD 51 ZnO PERTHL FHAEBHBT, R, .00 Zn0 BRI THERL FHATL.

2.2.3 HMA ZnO FE Lty SOD A 4E M T Cu ' IIFELES LAY SOD IEW 1Y UV-Vis Y63k ad i K
WA T 684 nm, 5 SCHR[ 22 1 HRGE(EH—50; BIGTE ZnO BEE: EAY UV-Vis S35 A i R Wi 5 7 2
653 nm. [FIAFiE L FTIR % %87 SOD & 4fifg 5 &% T WUHT (1700 ~ 1600 em ') Fla 3 I W Wiy
(1600 ~ 1500 cm™") FIZRALIEDL. 78 SOD IR IMLLAMEIE T, B A 2 N IEWIEH 2 LT 1660
F11546 cm ™ 4b; #E SOD/ZnO &M AR LT A3 v 85 11 0 A W A SRR SR A AE, HLAr T
1647 F11531 em ~'Ab. DL LZ5F0EH, SOD 38 & W MBI 7E ZnO B L5, BRI E A He &4k
A, AR KA R RS, SOD AT RARE: 1 A I 9 A 03 k.
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TELL SOD/ZnO &1 H Al A T AE LA 9 PBS (25 pmol/L,
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pH 7.2) B, B E B AL LA 300 mV FIIAJFHEA 0 V, FEEHNIEME T, SE0FRIRIRE A 4. 0
pL 10 pmol/L 4 KO, , % 48 1k H JE A St v i e iy, i iy 1T 26 DL I 6. SRR A5 R % B, SOD/Zn0 HL
WXt 0, A RAFMEHERS BTN R, A b S50 i i BUE YRGS O, R 14 i 26 4.
AR 26 #4410 5 52 SOD/ZnO A6 HL A H 37 1 17 (L (25 /T 4. 8% (n = 4).
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Fig.6 Amperometric responses of the SOD/ZnO to successive additions of 4 pL of KO, (10 pmol/L)
at applied potentials of 300 mV(A) and 0 mV(B) in 2 mL of PBS(25 mmol/L, pH 7.2) and
calibration plots of anodic(A’) and cathodic(B’)

AR S 95 B R TS B (1) SOD/ ZnO AE i HE AR Y 22 15 o o 8P AN 3R 1 s

Table 1 Analytical properties of the O, biosensor based on SOD/ZnO

Sensitivity/ (nA + cm =2 - Linear range/ Detection limit/
Applied potential/mV Response time/s
wmol ! « L) (mmol + L71) (pmol - L71)
300 15.9+0.6 0.24—180 4 0.2
0 17.1£0.4 0. 12—250 4 0.1

2.3.2  FHhEH  ERENE RN AMET, 45MA 2.0 x 107° mol/L FIPLIRINER (AA) | JRFR
(UA) | ¥4~ (DOPAC) F1 H,0,, 7£ 300 mV 54T, AA F1 UA 724 iTH0 HL U 43531 o vie) 1o v 37 )
3.7%M5.5% , fAZE0 mV 54T, AA F UA WIZET4E. 17 DOPAC, O, F1 H,0, #£ 300 F10 mV &4~
BTk

2.3.3 ®m#HEa NHELSOD/Zn0 BT O, HYHLFNA R Ak E T, M RIE 3 WA LE
TN, 783 A A, AR SR A £5% .

3 4F

K SOD Mire HA Z AN L 4R eE s S5 M 2 ALK ZnO L, I & 172 T HIkH
2166 1) A P TR R, AR T AT RIS ) SRR | A DN BRAR HL g A R S, T HL R R
Nano-ZnO EAT AR | ALV LGS | Byl a5 A0 5 ORGSR VR BT, BAT RO R A R AR
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Superoxide Biosensor Based on Superoxide Dismutase/Nano-ZnO

DENG Zi-Feng, XU Wei, YANG Xiao"
( Department of Chemistry, Tongji University, Shanghai 200092, China)

Abstract A nanoporous ZnO film ( nano-ZnO) was prepared by physical vapor deposited method and its
physical and chemical properties were studied by means of SEM, UV-Vis, XRD and electrochemical methods.
The results show that nano-ZnO is a nanoporous film with a polycrystalline hexagonal wurtzite structure. The
average diameter of the nanoparticles is about 50—100 nm and its band gap is 3.37 e€V. A new superoxide
dismutase (SOD) modified nano-ZnO electrode (SOD/Zn0) was prepared by dipping method. SOD was modi-
fied stably in the nano-ZnO film confirmed by electrochemical impedance spectroscopy ( EIS) and the direct
electron transfer could be achieved confirmed by cyclic voltammetry (CV ). Spectrum studies indicated that
SOD kept its bio-activities. A novel third-generation O, biosensor with high selectivity, quick response time
(4 s), large linear range (anodic current response: 0.24—180 x 10 ° mol/L; cathodic current response:
0.12—250 x10 ~® mol/L) and good sensitivity ( anodic: 2 x 10 ™" mol/L; cathodic: 1 x 10~7 mol/L) was
constructed and its analytical properties were studied.

Keywords 7nO; Superoxide dismutase; Superoxide anion; Biosensor
(Ed.: A, G)



