Journal of Electrochemistry

Volume 20

Issue 3 Special Issue on Fundamental
Electrochemistry(Editor: Professor CHEN
Sheng-li)

2014-06-28

Horseradish Peroxidase-Attapulgite Clay Nanocomposites:
Fabrication and Application to Sensing the Extracellular H202

Released from Cells
Ping WU

Chen-xin CAI
Jiangsu Key Laboratory of New Power Batteries, College of Chemistry and Materials Science, Nanjing
Normal University, Nanjing 210046, China;, cxcai@njnu.edu.cn

Recommended Citation

Ping WU, Chen-xin CAI. Horseradish Peroxidase-Attapulgite Clay Nanocomposites: Fabrication and
Application to Sensing the Extracellular H202 Released from Cells[J]. Journal of Electrochemistry, 2014,
20(3): 260-265.

DOI: 10.13208/j.electrochem.130883

Available at: https://jelectrochem.xmu.edu.cn/journal/vol20/iss3/7

This Article is brought to you for free and open access by Journal of Electrochemistry. It has been accepted for
inclusion in Journal of Electrochemistry by an authorized editor of Journal of Electrochemistry.


https://jelectrochem.xmu.edu.cn/journal
https://jelectrochem.xmu.edu.cn/journal/vol20
https://jelectrochem.xmu.edu.cn/journal/vol20/iss3
https://jelectrochem.xmu.edu.cn/journal/vol20/iss3
https://jelectrochem.xmu.edu.cn/journal/vol20/iss3
https://jelectrochem.xmu.edu.cn/journal/vol20/iss3/7

$20% 3
2014 4% 6 J1

WAL
JOURNAL OF ELECTROCHEMISTRY

Vol.20 No.3
Jun. 2014

DOI: 10.13208/j.electrochem.130883
Cite this: J. Electrochem. 2014, 20(3): 260-265

Artical ID:1006-3471(2014)03-0260-06

Http://electrochem.xmu.edu.cn

Mt-mIRIT BN WEEE S RHI&F
R EMARE SR

A= 4

X F, Bkt

(P UL R 2 A2 5 AR B 224 B, TR B A 8l ) Wb s R S8 30 =, V095 R st 210023)

8 K R AL 5 (HRP) [H 12 21 V1™ # 44 KS + (Attapulgite, B Y1+ ) 2 187, il 5 HRP- 1M + 44 K 5 &4
(HRP-Attapulgite ) , 32 H Hi Ak 2= BT 28 A 3 FLET 0 3 B2 R R AF T HRP [ 2 fk i #2 . HRP-Attapulgite HL £k 2%
PE T 3R 22 0 ]+ BE AR HEHRPAY B 4% o 756 B AR IR AR 22 M 26 A7 — % R 1) 80 Ak 300 T 0 | g W 437 43 30 R B, =
-370 mV, E,,=-300 mV, X8 A EY = -335 mV. Y] 4 3 fi HRPAYH,O,M )i HL 3 5 3¢ B (0.3 ~ 75 wmol - L) S £k 1 56

B Z AR ] T B AR P R HLOL i

KA BT AL L A E A

FEDES: 0657.1

YRR T A 5 2 TR S
BedmbhREEEEEN, 252N THRA
P22 28R ) . A (HL0,) 2 1 P AU A
TR vk B A A B B 7 R R ol i A T
S0 T UTA R HLO 1 A= i 1A 28 1) 290 Ao i
S RE7 R STk TR R VR (B AE I 37195°9 s )Y e R K (2
DR S AR AR T v R HO0000 T
A A0 0 A 2R R A DL B, SR AR
W, DTS 1 & 2 g s A AR B R g AL AR, R,
Hy 0,731 AT AR g 1814 40 i ) 1 e ot g S B D 2K 4
i H AT R | SR H O K I 75 A 17 1 g B A B 2
IR 2 5 T EL (AR KT AT HLO 6 4T3 32 21 35 22
DR I 24, A i RORE /)N L PRl 4 1l R 1
SR RS AR AR LA Bk = A T 3R H,0,
AR B A B AL AL AL BOR I RO R L R B
PR ORERL AR /N T — SR AL AT A A2 S TE.
HRPZ5H B M SR Iz, 2T AL O, A L i
Ji S 7 ) T AR TR oy 22— M1 b Al s R
Uy BT A SR oy WML, BB R DB, A
AT i 2 3 19 /I 1) LA T AR O 4R v L
AT PR R T A B B 45 O M. Mousty 2 1Ol

MEkFRINAD . A

T, T A R DT 2R R I 21 2R 2 AR B/ Y B
FL -2 B8 R R A AL A 0 R B AR A .

A SC AT M A - B o A AR ) g A A A R
(HRP-Attapulgite ) Jf iff 58 HRP-Attapulgite/GC H 1%
fR R AR AL TE M, DU ST R AL HLO, 1Y A6

AN
.

1 £ ¥
1.1 KFI 5=

BM i S AL Y B (HRP,EC 1.11.1.7, MW 40 000,
Sigma) HI I BE 12- 1 VU R I 13- £ R iR (PMA,
Sigma) A £ A 3 B A . M (VEIRIA ) fili A
SR A RAAL . K1 gfF ANy 1M 4 4 B07E 100 mL
HCUA W (2 mol - L) i If i #E 12 h , R A 2 =R 5
wHuE, IR BT KPR 2 JCCIHE T, 80 °CHET.
A2 TR Ak BEAE i S FOK TP R 24 h (VR 2
5% ,by mass) , i S FE24 h, P S 50803 h, B0
Oy GRS S EA BT WS v A5 4l
AN S E g =i B b B T (O S e @ S LT
il H,0,3% Wi 1 30% HO F BE ML 15, W B 2 b i
KMnO, % W #5 & . B fR #h 22 v % W (PBS,pH
7.0,0.1 mol-L") i1 Na,HPO,FINaH,PO, [t il .

Wk H 91 : 2013-08-26, #&1T H M. 2013-09-23  * Ei/EE , Tel: (86-592)85891780, E-mail: cxcai@njnu.edu.cnen

R A RB 4

Tt H (No. 21175067,No.21273117) YL H A= H 4 (No. BK2011779) (U 3 i 45 27 BT 22 R R

R A 4 (No. 20103207110004) (7T 4548 e 45 416 75 BHITQUHI P A AT 9548 w8 A (G 35~ Bl e TR 0 H %5 By



5534 ES

PEAF ;[ b BRSSP T 52 5 bR T 8 S 2 i i el A S A - 261 -

fdi HJEOL JSM-5610LV 4t H, 7 i 33455 71 JE-
OL-20104% %} H - 2 B8 WL 28 1M1 B 55 . FH Nexus
670 FT-IRZL AP GGG R 5 1516 1% 5] (KBr &
k). R R G R 3 L A A AR R
FL R S A A H R 2 H W S i R 2 . B
20 mink) b, Jfl Z A AL CHI 760CHLfE 2%
AR s 00 3 P AR PR AR e it 2, H AR 2RSS T BT
(EIS) i 45 R YL F10.01 ~ 105 Hz, 1F 5% 8 #8 A Ji% 1
5mV.

1.2 HRP-Attapulgite/GCH %

2 mgUl + A 43T 1 mL PBSH W H
%I+ B 77 W 52 mg-mL HRPY K (pH 7.0) %51k
FURA, B HE0.5 he M+ 1% 4 ~ 5.5, 78
pH 7.0 PBS# W 4l 7 fi 17 , HRP 45 L 2509.1, 7
pH 7.0/ PBS s T HL i, AR H: TE £ H iy i PV
H5 HRP W B 1 191 + 2 18 . 1% TR A WA 18000 r-min™!
B30 min, TROUKERER3WR, BEAERT, IS
HRP-Attapulgite & & 4).

BB (GC,p=3 mm) %I H6S R4
0.3 F10.05 pm A AL H it BB, —IOK I L
HOfE A IE PE ] min, BT #F HRP-Attapulgite 2 5 )
Je i 52 mg - mL Y R PR M, B8 7S 43 H030 min. i
SFERR K S WL E B W B TR IRE R EGCHR &R
I, 75 TR b0 & %R B £ HRP-Atta-
pulgite/GCHLIK ,4 *CLRFF. [Al#F 7] 15 Attapulgite/GC
HL AR
1.3 ZHpatEss

BRI E W0 (RAW 264.7)i#
HE 37 ~ 40 °CPLE A #1000 1-min” T B0 10
min, £ FIEWR. I APBS & 4422 #0510 min,
2RV S5 INADMEME: 72 (7 10% (by volume)
ARG IS 100 U-mL"' % % % 100 wg-mL 65 5
2)IRA YA, A MME: R IIF & T R A 5
(5% CO,,37 °C). 41 L K it 90% ( 41 il £ 292x10°) ,
28 T0 L5 55 FE b e (DA SR 25 2 W BE A9 2 )
T 25 PBS ¥ W Uk 4 3 UK. K 400 i 1% 3% W 7E 1000 -
min™ % 0> 10 min, W B 1218 W, P& PBSH UL
YEIUCRIAT,

2 HER5iTie
21 *x 1{E

B 1 H M+ A TEM (A) FISEM (B) f& . M

TEMBE v & M4 4ok ROST I EE R b ), AR

20 ~ 50 nmZ 8], K EFE40.5 ~ 1 wm, H 29 H =4
DR PR 235 44 . 322 485 )R] T 86 R AT R R o T AR R R
0 ) B /T, 4 22 i A

E1 M+ TEM(A)FSEM(B) I A
Fig. 1 Typical TEM (A) and SEM (B) images of attapulgite
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HRP-Attapulgite/GC (b) electrodes at a scan rate of
100 mV-s™ in PBS solution (pH 7.0,0.1 mol-L™")
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Fig. 4 Cyclic voltammograms of the HRP-Attapulgite/GC
electrode at scan rates of 20, 40, 60, 80 and 100
mV-s! (from a to e) in oxygen-free PBS (pH 7.0,
0.1 mol-L") (the inset shows dependence of peak

currents on scan rates)

% 57~ H HRP-Attapulgite/GC HEL e 7E pH{ES ~ 9
(I PBSIA W 18 PR AR & i 2. e & pHIE
HLA AR FGA S v 8%, 2 A O Bl pH A
BAPER AL B -503 mV-pH!, T TR 1
TAE 3 (P {H-58.5 mV -pH™',22 °C)!4],

HRP-Attapulgite/GC Hi #& £ PBS  (pH 7.0,0.1
mmol - L") 110 mV - s 7 Z2 49 1§ 50 J& 916 24 | H 4
3 SV B TR OR e AN AE | LU FL IAE 24 R 400 0 F
T % , 6B 2 H A 3 1T I ok 1 W 347 57 ) 7
[E5] 1t W% T Fi AR 22 T AS 5 i 7
2.3 HRP-Attapulgite/GC E& % # H,0, FE &

iR R

K675 H HRP-Attapulgite/GC H, 2 76 A [7] e
H,0,fPBSH1(0.0.05.0.2 mmol - L) fl 41 # 1K 22 h
2. 2R, B E TTHO.MPBSH A LU AR 4
B9 L X #5 B9 E Ak I8 5 (K 6a) 5 7£0.05 mmol - L
H,0,# PBS 1, HRP-Attapulgite/GC Hi #% [ if J5 I
HL G 38 K, S Ak L 3 30/ (J816b ) 5 7E0.2 mmol - L
H,O0,PBS Hv | i J5t U v, 3 A i 385 i, i 480 b i



5534 ES

A T AR S T ) Tl S R T B A i T A T *263 -

0.6 —

S —
S——
03+ s /
0.0F )
< | / P 7/
= o
= 03¢ :
0.6 £
-0.9

-0.8 —6.6 —6.4 02 OiO 0:2
E/V(vs. SCE)
[§]5 HRP-Attapulgite/GC Hi # 7% A [l pH{H PBS 1 1) 76 J7
RezzhZe FAHE 100 mV -5
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Fig. 7 Amperometric responses of the HRP-Attapulgite/GC
electrode to the successive addition of H,O, in PBS
(0.1 mol-L", pH 7.0) at an applied potential of -340
mV (the inset shows the dependence of the response

of the electrode on H,0, concentration)
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Horseradish Peroxidase-Attapulgite Clay Nanocomposites:
Fabrication and Application to Sensing the Extracellular H,0,
Released from Cells

WU Ping, CAI Chen-xin’
(Jiangsu Key Laboratory of New Power Baiteries, College of Chemistry and Materials Science,
Nanjing Normal University, Nanjing 210046, China)

Abstract: The nanostructured attapulgite clay was employed as a support matrix for immobilizing horseradish peroxidase
(HRP). FTIR and electrochemical methods demonstrated that HRP had been effectively assembled on attapulgite surface with the
formation of HRP-Attapulgite nanocomposites. The HRP-Attapulgite hybrid was deposited on the glassy carbon (GC) electrode
forming the HRP-Attapulgite/GC electrode. Cyclic voltammetric results showed a pair of well-defined redox peaks, which were
ascribed to direct electron transfer (DET) of HRP, with the formal potential £*=-335 mV (vs. SCE) in the phosphate buffer solution
(PBS, pH 7.0). The dependence of E” on solution pH indicated that DET reaction of HRP was coupled with proton transfer. The
developed electrode revealed a good electrocatalytical activity toward the reduction of H,O,. The electrocatalyic current was linear
to the concentration of H,O, in the concentration range of 0.3 to 75 wmol- L with high sensitivity ((53 +2) pA-(mmol-L")'-cm?)
and low detection limit ((0.10 + 0.05) pwmol-L™"). Moreover, the HRP-Attapulgite/GC electrode was used to detect the level cellular
H,0, released from the Macrophages cells (RAW 264.7). Therefore, an electrochemical approach for detection of cellular H,O,
based on HRP-Attapulgite hybrid was developed. This study has not only established a novel approach to detect cellular H,O,, but
also provided a general route for fabricating attapulgite-based biosensing platform via assembling enzymes/proteins on attapulgite

surface, expanded the scope of attapulgite applications to the field of bioelectroanalytical chemistry and cellular biology.
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