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R EN I 4 KA B E M 2T & H
iR R E TR USRS

EOE L EAEH B R4
(VLR 22 5000 TR 220 V0T 048 214122)

R T 00 A A LR — UMb fE 99K B T (Fe,0,@Si0, NPs ) /E R #4121 2 11 (Hb) 847 43 F | IF
kW2 Z. 15 (TEOS) Jy Bl 3 A W) B4k 1 4 T Hb B3l Fes0,@SiO, Y B B 126 4 >K ki 1 (MMIPs NPs ). MMIPs NPs
FLA g R R I 2T B SRR R SR A5 R, T DL T E Hb. 52 BB MMIPs NPs [ 52 il M B il
F 0 A 1208 SR AE W 1L A WA T Hb A i AL & (HLO,) 1 A I P MMIPS NPS AH Lb T # P 3F B0 32
YK KL (MNIPS NPS) , i Ak H IR 48 0 1 14.3%. SR FH B4 7k s il , MMIPS NPS \Hb I O, Y MG M fef 4 1% 25 W A )
B JEAR T HYO, M AL HE i3S I T 60.0%. 1L 21 2 11 JS g A= P 4% e 2 oL i i 7 5 HL,O, ¥ B 7€ 25 ~ 200 pumol - L [H]
BRI R KBRS 3 pmol- L' (S/N=3) , % W% JS Wl 1% 25 % HO, BoA R Ar i i AL M fg.

KA maEn s FE AL IR 5 o S A & G B 0 9 KOk T 5 i H

H B 425 0646.5

1 A S (H,0, ) A — i 828 1) 36 P 4, 76 305 4
JitL P9 B A 22 Fof A ORT G B QR 020, o AR 4 1) R R
N R R B S R o R R R YL g Ab
H,O, & B 2 Mk T i, BAE A I E AW
YER e 40Tl G787k B BA ATk 35 3
b AT AT 2] )32 5B ST, TR vE R G HLO, Y
TR A L.

O3 TR g ik 0 2 R S vk 1
P IEIEIT UL VE AR 0] T HLO, ARG I . M ik
s )2 W T B A R D 10, & i
BRI P ARGEMA TN EL,; @ik
AN W R 2, HL A B 5 k2B )
M HoA B VR o S PR A | R AU & H R AR IR
G, fE—E B E LA N H . Cheng 251
B BT A K e A R 4R -8(ZIF-8) , A FH 4 A AL
48 (MOF) [ 4 FL AN FLA 38 Ok [ 2 A €2 K C (Cyt
¢),Cyt ¢ HAT Mgk BT, 7l LU k22 i fk HYO,. DA
S i 1 A 4 A% AR A TN HLO,, B AR SR 5 (L
T B AL TR B Bt A 5y B 7= {f U, He 5509
A TOVE L 4 T RERR -1 8507 (Fe;0,-GE),
I K 12125 1 (Hb) [ 22 75 H FesO.-GE & i i) i

X HERFRIRAY: A

e Z2T8 , T 25 7 H T8 )5 HL,0, M E W15 IR A,
HEBT T Hb A3 2T i A S0 9 1 D, 76 A0 n i
YifER T, Hb XFF H,O, 14 Ab i It 5 A5 38 i) %
B Fe;0,-GE 1 il #8752 WF b 22 38 S AR R
%k, P REBUR. M Fe;0,@SiO, NPs il % 75 v fif
B WA AR WA 2R, B Fes0,@Si0, NPs B
A REPE N FESN MBS A E T, Rl Rl E A I
Fi Pk A Hb B4 R 6 MmO S A AR R, e T
FL o) G 1 LRI 1D A RS L I A R B R A
TFERIEF AR 0] DLAE R TR AT BN, 45 B4R R
PR R A5 T L AR, R R R 4E
& Hb.

A I 2T 36 (BN Fe,0,@Si0, NPs ¥ [ &
Hb, 161 7 M 3% i oL B L K HL0,. 1Z0kE 1T 51
FURE AT RAF R AE WA A A R TR R Hb 194
W3 ol EL O M 7 SRR R AR A e T, IR ED
5 KR T, A5 AR 22 10 BRI A A5, BE S 34 Hb 119
W o o 2 — 20 4R e A% R 1 R TR B
5 4 KA F (MMIPs NPs ) (1) 22 18 A3 e F2 %% |, 24 pH
KF 3.0 BF ,MMIPs NPs 7 ffi #i , 72 R BE (CS) 47 1IE
Hi faf , MMIPs NPs il CS 2 [1] & i i W% B 149 4 FH A
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S50 TRk A TE ST U T CS Rl LA 4 Hl [
SE MMIPs NPs, $ = T HL AR A2 e M, JF 44 7 57 4
A= W A 5% . Hb DL & HO, 43 7= A2 1Y O, F I
TG, P P O R B0 30 A K R - 5 M B ik rL
e Xt HO, 890 5E $49 %F H,0, #6168 J 5 A 18 4
e .

1 %X I

1.1 =55

CHI810B Hi b2 TAE W, (L RAEALER A A )
Epsilon Hi k2% T /E 4 (35 BAS A7) ;JP-1200Y
P IR A A AL (TR AR A R A W )
SHZ-82 /KitfE il iR v (B damii EYFAERT ). i
e 2E b () = R iR R, L AR AR S X
e, M ATH R AR (SCE) A 2 HH i, T4 Hu Al oy
B 4 mm (9707 A AT HF S0 0 1S B Al Fb A (R
TEREER A A,

ML EE 1 (Hb) | e LB R 41 (SDS) | i1 iz
(OA), M AFRELE (TEOS) ., % &M Mg Je i
(PVP), B A A LI IR JCAILER 15 0 43 By 4l ([ 25 4
AR A BR S ) ). 72 RBER W (CS, 2 mg-mL")
M 02gCSHT 1%M LR 30 min I il 4. B
fi £k 2% vh % Wi (PBS,0.02 mol - L, pH 6.0) J2& i i
IR & NaH,PO, Na,HPO, ¥ ¥ Jf it A 2 mmol -L"!
KCI A1 150 mmol - L' NaCl 3k il % . FF A % w2 H
HBAIK (18.2 MQ-cm) il £
1.2 MMIPs NPs B9 &

R A 25 R 2 4 T8 ) MMIPs NPs (#4515
P BEAT BB, 1A, A SR I UE 1 A P T R
LR 98 Kk B F (OA-Fe,O, NPs), #RJ5 45 045 g
OA-Fe,0O, NPs 43 #{ % 2.5 mL ¥5 2 B¢ 1 & Wi A
5% 0.125 g SDS 19 50 mL /KiF IR &, izl 10
min ZJ5 , 7E VKK I RS, FH R 75 Ik 40 B A e
PCRFFLWEE 7 90 s T8 Al FL I, I 7% #8 & 100 mL
) = B, I 60 °C, $iE 4 (200 r-min) i
. IE, B 0.05 g #EMEY BN A F] 3 mL
() PVP(0.067 g-mL")## A 5 min J57% PVP & 1fi 1y
WEPE G KT, SRIG A B E 2 WK % 30 min Y
Stober /& & (20 mL £/ ,1 mL %7K ,0.3 mL TEOS)
R S min, FEAIA 10 mg B4R 7> T Hb 4k 22§
P 40 min. N 45 WG BETE 5> 2, FTB 4K | 2
LRVEY, B A SDS(0.1%, W/V) R 2R (3%, VIV)
MR G W 2 I BE B bR, B % U W AE 406 nm
Ab A AS B Hb 9 58 S W Wi | S5 S R 4l K

52 UE U L BRUE N, BD AT 45 MMIPs NPs, #t + /5
Fii N 19.4 mg. 7E 4 °C 5444 T, ¥ MMIPs NPs &
77E 5 mL B2k H 53] 3.8 mg-mL! MMIPs NPs.
1.3 fFRESENGH &

W MR B e HL AR AR AR AR R R AT i R AT S
Mot s LK, CEBAEE, WA H. B8
pL 19 CS W iR 7E il I %08 R T4 . 1
B 10 L 1% MMIPs NPs {if U 25 18 14 3 ik Ha A 4%
I, 7F 2 i R T, 15 2] MMIPs NPs & 1ffi 1 H A .
B iZ R T 1 mg-mL" Hb 3% W 9% 3% W B 1
h, B J5 ) PBS 5 R oy, RIVAS: B30 % P 40 K kE
+ I L & O ORE M R B (Hb/MMIPs
NPs/MGCE), HCH H A% 1 % s 7] 45 5] Hb/MMIPs
NPs/GCE (Efih M A ). il AN () 6L 35 % 78 HL A
S W4l AN 4 = I e 2 B SBT3 R 2P/ S
AL [ E I 20 & #E e R M (Hb/MNIPs
NPs/MGCE) ., %8 Ak Tk 40 k7 7 [ 52 1ML 21 25 i
4 H#% (Hb/Si0, NPs/MGCE).

1.4 B FENR &S

PE AR 2 15 (CV) It 2% . e L -0.8
V~0.0V, H#EZR 100 mV-s'. 225k ik 22
(DPV) I 45 14 90 4 FiLU R -100 mV, 24 1k
JE R -600 mV, Bk oh = 15 50 mV, ik ol % B 50 ms,
Jok w5 BH 200 ms. S5 59T < 20 min BRI
S o R e DR AR AL S
1.5 H,0, il E

Bt 50 WL 10 mol-L! # H,O, T 5 mL HI 75 =i,
FH#B 4K 2 28, 455 0.1 mol - L A fik £ BE . #5 =
B 4% B T 40 mL pH 6.0(0.02 mol-L") ) PBS 2% ift
3l A R 20 min S5 & E 20 BI1E 10 pl 20 pL,
30 wL .40 pL .50 pL HO, fi#f %W T PBS 22 i ik
rh 55 25 wmol-L* .50 wmol-L* .75 wmol-L". 100
pmol - L' 125 pwmol - L 55 7 [A] ¢ B (%) H,O, 0L,
P#E4T DPV il £ .

2 #HR5F
2.1 MMIPs NPs B R 1E

l 1(A)j& MMIPs NPs 1315 §f L 5% (TEM) fiE A,
w & 7R ,MMIPs NPs Fi 7 2 2k % H B A 4k 5 B
BTNt I i/ Gt 8 SRS L R TACIE -2
rf R ] R 8 X BT FesO,, 43 LAY 325 B 356
43R Si0, BN FE 2. I’ 1(B) i TEM M F k48
it B 5 B, MMIPs NPs fF ¥k 1% 163 nm (RSD
=4.2%,n=100), ENil {2 K% 18 nm.
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¥l 1 MMIPs NPs 1 TEM(A) &% TEM MR (k#2583 H
J7 I (B)
Fig. 1 TEM photograph of MMIPs NPs (A) and granularity
histogram based on TEM (B)

2.2 AEEIFBHEIT HO, BB 0 K

K 2 & 100 wmol -L' H,0, 7£ Hb/MMIPs
NPs/MGCE (a) . Hb/MNIPs NPs/MGCE (b) .Hb/SiO,
NPs/MGCE (c) . Hb/MMIPs NPs/GCE (d).Hb/SiO,
NPs/GCE (e) MGCE (f) \GCE (g) I ) DPV i i [&].
1501 TORE A Hb &4 B4l X H,0, #£47 DPV
DU 1 e 7 P VAL

WE 2 FiR  HO, 7 -0.26 V 72 47 Ab H B iR
I Hb/MMIPs NPs/MGCE 1) DPV Wil Jij L 37 2 K
I=1.6 pnA, VLI ENE 9K AR b b [ 5 1 1 21 28
FHIF B 7 R r A Y36 M. A1 LT Hb/MNIPs,
NPs/MGCE I i3 5 L i (1 = 1.4 pA) B 1
14.3%, W T MMIPs NPs [t MNIPs NPs % i &
T 22 1 B S o], B T 2 W B R DT T LA
W B [ 2 B 22 1) Hb, i — 203 5 1 FE A 1) SR B

& 2 H,0, # Hb/MMIPs NPs/MGCE (a), Hb/MNIPs NPs/
MGCE (b), Hb/SiO, NPs/MGCE (c), Hb/MMIPs NPs/
GCE (d), Hb/SiO, NPs/GCE (e), MGCE (f), GCE (g)
19 DPV it £k ¥ ;DPV M it 25 4 . %) 4 i & -100
mV, 2k R -600 mV, Bk R IE 50 mV, bk e
50 ms, Jk ol &3] 200 ms, F 45K 8 mV;0.02 mol- L
pH 6.0 1 B iR £ 2 oh ¥ W H0, 19 ¥ 2 24 100
pmol-L.

Fig. 2 DPVs of H,0, on Hb/MMIPs NPs/MGCE (a), Hb/
MNIPs NPs/MGCE (b), Hb/SiO, NPs/MGCE (c), Hb/
MMIPs NPs/GCE (d), Hb/SiO, NPs/GCE (e), MGCE
(f), GCE (g); The DPV conditions: the initial voltage
was -100 mV, termination voltage was -600 mV, pulse
amplitude was 50 mV, pulse width was 50 ms, pulse
period was 200 ms; buffer solution: 0.02 mol -L*
PBS (pH 6.0); 100 pmol-L" H,0,.

W hnAh 5w , Hb/MMIPs NPs/MGCE H Vi A He T
£ Hb/MMIPs NPs/GCE |- (I HL 3t (1= 1.0 pA) 3
T 60.0%, XK A Hb fil HO, 407~ 4 1 O,
B MR , EB IR i 99 KR FE R A R TR
XJ R HLO, BAT B/ .

R T UE A 9K F Hb O, = 2 i 1 (1 3 )
YER, 43 53 B T X B SE 55 . MGCE (f) #1 GCE (g)
O3 590 A R B Bl A IR (1 = 0.28 wA) 5 A INwg (1=
0.25 wA), BEZHWMAMETT O, (38 J5 v i g hn 1~
12% , 1T Hy0, 7= A2 1 O, By I g P | #i  r i X6}
H,O, i & B AT 35 8 i 2R . Hb/Si0, NPs/MGCE
(¢)(I=1.3 wA) It Hb/SiO, NPs/GCE (e) (1 =0.89 wA)
KT 40.06%,Si0, NPs A ELA fig b, {5 0% B 14
CLEE VA REYE  ZEAMI T S i VE R Hb X 3R
TR B AR T EL A RS ROROR.

2.3 HHEEETRIT HO, 4 BRI
O3 A PR B S R Hb W B R L R A& i
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1 RA Hb &4 H AR X HO, i DPV i i H i
Tab. 1 DPV peak current of H,O, on different Hb modified electrodes

Hb modified MMIPs NPs MNIPs NPs Si0, Bare
electrode MGCE GCE MGCE GCE MGCE GCE MGCE GCE
I/pA 1.6 1.0 1.4 0.93 1.3 0.89 0.28 0.25

A PERER N . A& 3 s, 45 B AR A
10 wL B, 100 wmol - L Y H,O, M i/ H, i ik %
K. YO BRI ELNT 10 L B, o 2 1 [
f I 2188 A0 S BORIAR TR KT 10 WL B, L
W KM Z R TR TR TR, MG ERR
RBEREAR SR AR5 BORAAR TN 10 pL.
2.4 Z i pH 3 H,O, 4 B HI %

ANTF) pH 25423 52 i I 21 26 1 4 HL0, B 1L
PERE. FEMEALE R P LT B A2 S HO, I —A
DL JELZS 1 4R e 19 v [ 4R (HbFe(IV)=0) , i%
[ AR AN B 2 20, pH 2 52 T I 2T 26 P Ak 15 P 1)
HEF R AR pH X o a4 16 380 5 119 52 i AN [+
K 4 G2 bW pH 43918 4.0.5.0.6.0.7.0 8.0 5%
4F,100 wmol - L' H,O, UL . W& 4 fros
MG W pH M 6.0 B 0l 2T 8 (1% H,O, HoA i
A Ak 5
2.5 MRz B iE] X4 H,O, 4L B it B 2 i

M 17 FsF R] J2: A% B 2% 1 T 22 250 B/ 5 N AR ]
Wi 17 5[] 0 #5 #49 H,O, (100 mol - L) B 7. Bifi
IS [E) A 384, P 3 — EL3E I, L F 3 min S5 W R

1.6}
1.5}
g 14
_
13f /
1.2 =
I‘l L L 1 1 ¥
6 8 10 12 14
ViuL

3 o HOB AR RO HyO, i 16 1L 3 B 52 i (DPV I ZE 4%
PERIE 2)

Fig. 3 Effect of MMIPs NPs dispersion volume on the catalyt-

ic current of H,O, (The DPV conditions were the same

as in Fig. 2.)

HL P LA AN AR BT A E 3 min R IZ AR B 1Y fe A
I B[]
2.6 RAREEI H0, 4 BRI

H,0, B# 4 100 pmol - L 7 50 ~400 mV s
8 451 8 R R AT B AR 4, & 6 (A)
i 585 0 F, 3 110 G AR (T HUA Tt e, i I A A R
R 3% Ty . 1B 6 (B) Jhy 471 i R 5 L It i e

1.6+
1.4F
<
2
—_
1.2}
1.0+ .
4 5 6 7 8
pH
K 4 2% o pH X H,0, 4k B 3% 19 52 i (DPV £ 14 [
K 2)

Fig. 4 Effect of buffer pH on the catalytic current of H,O,
(The DPV conditions were the same as in Fig. 2.)

1.8
1.5} /-/
<
e /
—
09+
0‘6 | L 1 I
1 2 3 4 5
t/min

Pl 5 Rz Ak ] % HLO, ik B I i) 32 0 (DPV A5 R 2)
Fig. 5 Effect of response time on the catalytic current of H,O,
(The DPV conditions were the same as in Fig. 2.)
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3‘(} 1 . 1 1 1 . L
80 160 240 320 400
vi(mV-s")

Bl 6 AR 3l R A CV AT (A) B3 B A A5 H 3 A ek i 25 (B) 148 33 R 43 % 2 50,100,200 ,300,400 mV -s™;CV
M 25 IS :-0.8 V ~ 0.0 V, 100 wmol- L' H,0,,0.02 mol- L' PBS(pH 6.0) %% #h % i

Fig. 6 CV curves at different scan rates (A) and the linear relationship between peak current and scan rate (B). Scan rates (a-e): 50,

100, 200, 300, 400 mV -s'. The CV conditions: 100 pmol-L* H,0,, scan range: from 0 V to -0.8 V, buffer solution: 0.02

mol-L" PBS (pH 6.0).

1 1

35 70 105 140 175 210
C/(pmol- L

B 7 RIFRUE H0, £ Hb/MMIPs NPsMGCE Hi# 1) DPV Bl ,H,0, #4351 4 (a-f) :25.50,75.100,150,200 wmol - L
(A) B Hb/MMIPs NPs/MGCE e 11 57 H 3 5 H,0, W B 2 Pl 22 (B) s DPV il ik 4% 4 [F] A1 2

Fig. 7 DPVs of the Hb/MMIPs NPs/MGCE in different concentrations of H,O,. Concentrations of Hb (a-f): 25, 50, 75, 100, 150,

200 wmol-L" (A), the calibration curve of response current on Hb/MMIPs NPs/MGCE vs. H,O, concentration (B). The

DPV conditions were the same as in Fig. 2.

ik, ekt R R I(wA) =0.013v (mV-s™) +3.12,
R=0.997 , 7 W] Fi e % 1T FRL Ak 27 521 32 W A9 il 21,
2.7 &MHEE

TER T ) 22 ol i Wb T 5 AN [ vk B2
B H,0,, 750 52 % , i B 5 18 3 min I a2 H o 7
WA R AR 7 B A N F O B HLO, A f Y
8 T HE B HL R S HLO, WREETE 25 ~200
pmol - LT N ELME X R, &KW HERN L(RA) =
0.00737 C(umol-L") +0.702 , & EAH K R ¥ R=0.998,
K R M 3 wmol -L! (S/N=3). % 2 ¥ Hb/MMIPs
NPs/MGCE &ii LA X HLO, Ml % F) 43 #7114 8 Fl SC

ik 2 3 4 5 o3 2o S AL S AR W AR AR HEAT T R,
SN S 0 T AT 532 28 il A% T 2 1) R R A5 )
A 4
2.8 BREMMEIY

£ H,0, ¥ & & 100 wmol -L' B}, H 3 %
Hb/MMIPs NPs/MGCE i #l 78 4 8] (1) f 1 2% 14
HEAT L A2 G, k2 ) IO H 3T ) A X o 1 D
#H 1.8%, 11 il Hb/MMIPsNPs 1 1fii ) 65 i B
R4 1) B PR i F 7R PBS (pH 6.0) 1 7E 4
°C WM T A 7 d )5, & BEAH TR A 7 i k1T
DPV 4, 45 R Kk B H,0, 138 J5 g i 2 w0 46
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2 ANIA Y Hb &4 da Al H,O, I 7E iy ¥ RE L 44
Tab. 2 Comparison in the properties of different Hb modified electrodes for detection of H,O,

. Linear range/ Detection limit/

Hb modified electrode (umol-L") (umol-L") Reference
Hb/polyaniline/multiwall carbon
nanotubes/starch/CPE 100 ~5000 32 [22]
Hb/sodiumalginate MWCNTs/GCE 40 ~200 16.41 [23]
Hb/ triacetone triperoxide/CPE 19.58 ~ 117.45 5.53 [24]
Hb/Au-zirconium phosphate
nanocomposite/ GCE 15~480 74 [25]
Hb/MMIPs NPs/MGCE 25 ~200 3 This work

HLPE AR T 3.6%, DLW I Hb/MMIPsNPs & 4ffi i 265.

e ELA S b i R T
3 & i

AR SR A FLRE N PR R AT
MMIPs NPs, 7 3 i FL il & 10 H CS K [ € MMIPs
NPs,MMIPs NPs 1 fff Hb, #il#15%] T H,0, /&
Yy 15 & 4% . MMIPs NPs H A B B (1 i 5e 4544 , B
PR A A R, Bl s i 2 T Hb JF
PAFE T Hb Ak 35 P i T8 A b B 3 40 >k
KL AN R H AR AT DAAE Hb 3 R 0 B HLO,
Iy e AR O, DA K Hb #EA G, 15 %1%
TR X AL IR TR HLO, HA G U AR FLER AR
B P BT, BT LSBT HLO, 7 A

g

E.
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Electrochemical Sensor Based on Magnetic Electrode Modified with
Magnetic Molecularly Imprinted Nanoparticles Immobilized
Hemoglobin for Determination of Hydrogen Peroxide

YUAN Yang, WANG Jia-xin, CAO Yu-hua’
(School of Chemical and Material Engineering, Jiangnan University, Wuxi 214122, Jiangsu, China.)

Abstract: In this work, the surface-imprinted technique was used to prepare magnetic hemoglobin (Hb) imprinted nanoparticles,

using Fe;0,@SiO, NPs as the carrier, Hb as the template molecule, and tetraethyl orthosilicate (TEOS) as the imprinted polymer

monomer. The nanoparticles had a core-shell structure, with magnetic Fe;O, NPs as the core and Hb imprinted polymers as the

shell. Therefore, Hb could be concentrated and fixed on the surface of the magnetic imprinted nanoparticles (MMIPs NPs). Further

more, MMIPs NPs were immobilized with chitosan (CS) on the surface of a magnetic electrode to constitute Hb enzyme-like

biosensor to catalyze the reduction of hydrogen peroxide (H,0,). Compared with magnetic non-imprinted polymer nanoparticles
(MNIPs NPs), the MMIPs NPs biosensor enhanced the response by 14.3%. Notably, an introduction of a magnetic field made the

biosensor more sensitive owing to the paramagnetism of MNIPs NPs, Hb and O, molecules. The reduction current of H,O, on

Hb/MMIPs NPs modified magnetic glassy carbon electrode increased by 60.0%. Under the optimum condition, the linear detection

range of H,0, was 25 ~ 200 pmol- L with the detection limit of 3 wmol-L" (S/N = 3), which showed that Hb enzyme-like biosensor

had a good catalytic performance for H,O.,.

Key words: hemoglobin; enzyme-like biosensor; hydrogen peroxide; magnetic imprinted nanoparticles; magnetic electrode
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