
Journal of Electrochemistry 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: Horseradish Peroxidase-Attapulgite Clay Nanocomposites: 

Fabrication and Application to Sensing the Extracellular HFabrication and Application to Sensing the Extracellular H22OO2 2 

Released from Cells 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 Recommended Citation 
Ping WU, Chen-xin CAI. Horseradish Peroxidase-Attapulgite Clay Nanocomposites: Fabrication and 
Application to Sensing the Extracellular H2O2 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


!"!#$%&'()*+,-./

0123%&'456

! "! #$%

"

!!"#$%& '&()*+&&," -./0123456789:" -. !"

#$%%#&

#

78! ;<=>?'@A!

'()

$BCDEFGHIJ%

*++,-./01+2

"KLEJ$MN"OP

'()!

QJRSTU@

!

'()!*++,-./01+2

$"VWX4'&YZ&[\]^_`\]^abMcd

'()

BC'>e

34'()!*++,-./01+2

4'&

fghiMj"QJklm

'()

nop4qrs"tuvwxyz{|}~�n?'���"�4����

!

-5

464

!&7%489:4!

-,

464!&%%489:4

��4�

!

%!

64!&&;48934

QJMN

'()

n

'

#

<

#

��4�(��!

%3&4=47;4!8>/

'

?

!$

#�zf�

�

34

�4��X��������

'

#

<

#

nhC

3

9:;! <=>?'@A( QJ( >?'�( ����

<=>?@! <@;73$4444 4444444444444444444444444444444!!!!!!!!!!!!!!!!!!!

ABCDE! *!!

����)

#%$&!%A!#@

" ¡��)

#%$&!%B!#&4444"

¢£¤¥"

C2/D44EA@!;B#FA;AB$7A%

"

G!8,1/D45H5,1IJKJ.32L.35J5J

¦§¨©+&ª«¬!

M>34#$$7;%@7

"

M>3#$#7&$$7F

&-./¨©+&ª«!

M>34NO#%$$77B

$&®¯°±²&³´µ&+7

¶¬+·ª«!

M>3P#%$%&#%7$$%%%Q

$&-./±³¸¹+·º0»¼_-./±³¸½&+¾¿Àe¬ÁÂ

&'(

R<S(M*?4<T4G?GUC(<U'GVWXC(Y

Ã

#%

Ä Ã

&

�

#%$Q

Å

@

Æ

9>/34#%444M>34&

R.J344#%$Q

!"#! $%3$&#%AZK32/25+[>5\283$&%AA&

4$%&' &(%)D4"34!#$%&'(%)$*34*+,-:4+,]&FD4#@%!#@;4444444444444444444444444444444444444444

./&%012 #3!$%%@!&Q7$]#%$QF%&!%#@%!%@4

44444444444444444444444444444444!4&&5DZZ2/25+[>5\283H8.32L.35J

Çf?�q¤���ÈÉ�qÊ��nÈÉ

rË>e�ÌÍ6Î¤X" Ï(ÐÑÒq��Ó

@&Ô�nÕ2

^$!#_

3P

>?'�!

'

#

<

#

$ÖÇf?n6

Î×M"t��_Ø?ÙÚq&Ûª¨Üª²Çf

?�qÝÞß�

3P'

#

<

#

ÊÓàá�n��×â>ã

�äåÍ6Înæç¤X"è��

'

#

<

#

�q�¤�

ÈÉrË_é%nÃêÈë"ì±��n

'

#

<

#

�q

í}��nîïð{ñáòïóô" õÌ?'�

ö" ÷ìõøÐÑùú_Óû�üýþ²

3P

Òÿ"

'

#

<

#

�q�!�æç��"#>ãn�$Ò%

3P

�

���&&'(n

'

#

<

#

)hÊÓû&_úûÓû&

*+,�6Î

3P

-��./n

'

#

<

#

)h01D2Ð

Ò%nO3"4��5�6&�78?¨Üªn9

:�;<=&>?���è@ðAB{ÔCD

'

#

<

#

nEF²

3P

AGH4'&abÒ'(�±& ��

I& JKLM�6& ¶|fN²¸7ìO1�P

3P

'()

QRST&UVWX"Ö·YZ'

'

#

<

#

?'�

�[�n6Î\1A�q]|

3P

QJ'&>Cf

�"Úq^_fN"�`f�"abck32±"{

d�lmefg

Z

Anop4qrsVg±t4Z

'Çf

^Q!$Q_

"ÖBCAnUhiá

3PV>.`+a

²

^$%_

j

k" QJ�nlm%}n`%oefg

Z

Anop

4qrs_4Z'{p�q�n¤X

3

rsOPQJ

!

<=>?'@ATUt*

!

'()!*++,-./01+2

$V·Y

'()!*++,-./01+2ZbU

4�

n4Z'Çf" @�¾uA4Z'

'

#

<

#

n)h/

v

3

,

F G

,6,

HIJKL

<=>?'@A!

'()

"

GUP$3$$3$37

"

VcPQ%P%%%

"

X108,

$ _wxy

$#!

z{|}

$&!

~|} !

)V*

"

X108,

$���ûopëX

3P

QJ!-.��$ëX�

�4����') ;

$P0

·�nQJ�`Ê

$%%P8?P

'U/

��!

#P8>/

*

?

!$

$�V��

$#P\

"�í,:��

>�" VX�Úq.��,�

U/

!

Úq"

A%P

>

U

��

3P

;���ûJK��.�8��`

#QP\

!��3

;d

"

ea48,``

$"�3��

#Q4\

"�8��`

&4\

"Ú�

�Ú"6T�¤

&

�

34

ì�� ¡�"·¢"�P�

'QJ

34

t£i¤¥��¦�"��¥Xê�.§

O

34'

#

<

#

��Ü

&%f4'

#

<

#

¨©§P" ���ª«

OVJ<

Q

� � ¬ C

34

 | ® ¯ ° � � !

)NX

"

-'4

73%

"

%3$48>/

*

?

!$

$Ü

M,

#

')<

Q

_

M,'

#

)<

Q

§O

3



! "#!$%

!

&'()*+,-./0123456()*789

:

!

;

<=

"#$%&"'()*+,-%.

>?@ABCDE

"/0

$%01-,-

FG@ABCDHI$%JK

2&

=

345678

+9-&:;0<=

LMNOP9QRSLMNOT"

>?@

U

VW

A2&

X@YZ[\]^_`abcd@Y#ef

@Y3gEhijk@Yl@mnop

2&

qrs

)

1-&BCD

tu$ vqrwxgE

2&EF<89+-E

@*y

cdz9Q@Y{|}~��$ @*y����

G/<'H

OT����

-2-,&I&,-*&FJ

$���@���

*&B.2

!"# $%&0'(()*+,-.(/012

!"

�

1&BK

$%�����

,&B%&L?'

�n�$�

�$%��nl

1&BK

%

B%

0,&

F=L

�n"

MF&92-

&#�

��.$ ��� 

-2*&N2O

$%¡#@¢

P&I&*2*

$£

MF&92-

¡

L?'

�n�¤¥@¦$

F=L

#@¢

Q2,

$£

MF&92-

¡

L?'

�¤�@¦$ §4�¥@¦¨@d=

�

F=L

©ª�$%«¬

2&

��.n£

,R---&@

%

BCD

0,

®

S-&BCD

$ ¯°±²³

S

°$ ´µ¶·$ ¸¹

F=L0TUUVM6WKCU4

-.+

2

�]^@Y "

XE

$

!Y8S8BB

& �º=

+

»¼½#

-2S8

E

-2-*8!B

)*¾¿ÀNÁD¬$¯°±EÂÃ

���Ä²

,8BCD

$¶·

28

�

F=L0TUUVM6WKCU4

-.+

Å1p

18BK

%

B%

0,

¡��n$����

S-8BCD28

=C

ÆÇRÈ�

*8!%

�-.+��nÉÊÁ

XZ

@Y«

¬$ £·ËÈ�·Ë$ ÌÍ�ÎÏ¸¹

F=L0TUUV0

M6WKCU4[XZ

@Y$

P8

\

Z

ÐÑ

28

ÒRÓ¹

TUUVM6WKCU4[XZ

@Y

2

!"3

#$%&

�ÔÕ¡Ö×ØÙÚÛ56 "

=T]81+P29

&Ü

ÝÞ�

S98I8P-8

\

Z

ßÝ�m$

,---8@

%

BCD

0,

à®

,-8

BCD

$ ásuÄn

28

Çâ

L?'

�nãä®

,-8BCD

$

å²³ÏÇâ

^(/(

æçn "è

,-_

"

`a8b\W6B4

&

éêëìÄ#

,--8c

%

B%

0,

íîï#

,--8!K

%

B%

0,

ðî

ï&�.ñò$óâ5ôæçõvÞ�æçöæç

"

*d&E$

1

$

S9&

\

E

&

2&

56÷ø

Q-e

"56ùú

1!,-

+

&$

åûìÄ¡æçnü² "tsáýþÿ¡5ô&$

!å

L?'

�n²³

S

°

2&

�5ôæçn£

,---&@

%

BCD

0,

®

,-&BCD

$©su"Än$!å

L?'

�n²

³

S

°¸Ó

2

#

'()*+

#"!

, -

T

,

#$%%¡

;/(

"

T

&E

'/(

"

?

&&V

2&

'

;/(

&V()$%%*+,-.¡/010$23

1-&I&*-&DB

45$÷6ú

-2*&I&,&!B

$789$X:

;0<=

2&

�>=?�@ABC©ª¬�$©ªA

Æ¡DEF

[

,�A$@G,@H*�¢

2

&

T

,&&

I%¡

;/(

"

TH

E

'/(

"

?

&&V

:CK2&,&&;aMCfVW8;/(8gTH8VDh8'/(8g?H8CBVK478\i8VUUVM6WKCU4

T

1T

��

V

E

`

�ºfJ�

TUUVM6WKCU4[XE

E

F=L0TUUVM6WKCU4[XE

@Y£

*2-8BB\W

%

%

0,

8>

S

:4gE3H

+

[

>

P

:4gE3H

+

�n�¡����OT

28

KT�Ót(L$

��

`

MNO��

V

�MNPB@A$ QPDEF�

ARST�I%«¬

2

*UVWQP

F=L

�A£I%«¬¡ST$d

XYZ=[MNOf

F=L

�A¡ST*(\U]

^_`

28F=L0TUUVM6WKCU4

-.+¡[MNO��£

P,-8DB

aL9

,

b©cd"T

1?

$��

f

&$4�Þ

l

F=L

¡

'\@4U

¤Ve "T

1?

$��

`

$

P,-8DB

&$7

I%£�afBgh©cd"T

1?

$��

V

&

28

ij

>kQP$

F=L

lmSTnI%«¬$v7£So

(p�

F=L

¡¯q>rýÍst*

28

q(�u

F=L0TUUVM6WKCU4

-.+¡LMNOT"OTv&$Í

9sÐw^I%xy¡z{©cdM$£

,*P+8fB

0,

aYL9^

,

bÖ¡©cd$ �d¡�Þl|

F=L

¡}~

<<

¡z{d�Þ"

,*PP8fB

0,

&��Ve$QP

F=L

�ARåST�I%«¬

2

#"# $%& '(()*+,-.(/412

!".!/012

TUUVM6WKCU4[XE

@Y£

0-298I8-2,8.

@����

¡{|}���fB)*Y�d "T

SV

&$�

F=L0TUUVM6WKCU4[XE

@Y¡{|}���89

,

f

)*Y�d"T

S`

&$4)*Y�d@��º*

!

Mf

8Y8

0S9-8B.

$

!

MV

8Y80S--8B.

$�Æ@�

!

-"

Y80SS*8B.

$l

F=L

£4��0«¬¡)*Y�d@���

j,*k

$©

ª£I%«¬¡

F=L

¡@*y�J��¡)*Y

�dfJ�

F=L

��¡

:4g<<<H[:4g<<H

@f¡)*Y

�

28

T

P

�I^lÒ>?Ý�

F=L0TUUVM6WKCU4[XE

1+,

! !



! " #

!"#$

!

%

"

!%%&''()*+,-'./01

!

(

"#

2345&''()*+,-'.601

!

7

"$%&'

()*"!

&

"#

&''()*+,-'.

!

(

"#

234

!

7

$

"89:;,

%

;<

5#

"

#

2345&''()*+,-'.

+,-

=>?

&./01"

=@?

:A-,8:!::BCD:E('.:FG:&''()*+,-'.601:H(?:(IE:2345&''()*+,-'.6

01: =7?: .+.>'JFE.K: -I:98":;;F+

%

<

5L

:M

N

OA. H1P?

Q

R

6M

$

OA. H1P?

Q

RS>FI'(-I-I,:T8L:;F+

%

<

5L

:MPU

N

:=&?:(IE:

VW5W-K:K).>'J(:FG:(''()*+,-'.:=(?X:234:-I:KF+*'-FI:=7X:"89:

;,

%

;<

5L

?X:(IE:'Y.:2345&''()*+,-'.:I(IFYZ7J-EK:=>?:=@?

:

"

N::&''()*+,-'.601

!

(

"#

2345&''()*+,-'.601

!

7

"$%2

4@D

34 !

)2:[8T

$

T8L:;F+

%

<

5L

" 5&6789:;

<=>?

LTT:;W

%

K

5L

:A-,8:N::WF+'(;;.'J->:J.K)FIK.K:FG:'Y.:&''()*+,-'.601:=(?:(IE:

2345&''()*+,-'.601:=7?:.+.>'JFE.K:(':(:K>(I:J('.:FG:

LTT:;W

%

K

5L

:-I:4@D:KF+*'-FI:=)2:[8T

$

T8L:;F+

%

<

5L

?

$%&6789:;

8:

2@<>A$BCDE$F

GHIJ$KL$(MNOP$Q<>!

!T:\:LTTT:

;W

%

K

5L

"R;STU$VW

234

2$%XY&Z[

$\]^_XY`a

8:

bcdefgh$F

!

T!

G

Hijkl$

234

Z[$\]^bmSno

8

:

"

$::2345&''()*+,-'.601

$%2

4@D

345kJ<=>

?&6789:;!p"qrL$(Q<=>?&

TU"

A-,8:$::1Z>+->:]F+'(;;F,J(;K:FG: 'Y.:2345&''()*+,-'.601:

.+.>'JFE.: (': K>(I: J('.K: FG: !TX: $TX: QTX: ^TS (IES LTTS

;W

%

K

5L

S HGJF;S(S'FS._S-ISF`Z,.I5GJ..S4@DS H)2S[8TXS

T8LS;F+

%

<

5L

?S H'Y.S-IK.'SKYFaKSE.).IE.I>.SFGS).(bS

>*JJ.I'KSFISK>(ISJ('.K?

"

9

rs

2345&''()*+,-'.601

$%2

)2

t

9S\Sc

&

4@D

345&6789:;

8S

uv

)2

t&wx$

yBCL#DEL$Fz^$ gh$F

!

T!

u

)2

t

R;SlC${?

59T8NS;W

%

)2

5#

$[|}

#

~\

#

$

\��!��t

59^89S;W

%

)2

5#

$

!!S

F

1

"

O#QR

8

2345&''()*+,-'.601

$%2

4@D

!

)2S[8T

$

T8#S

;;F+

%

<

5#

"5

#TS;W

%

K

5#

��<=

9T

��67$yB

CDEL&��ijkl$ yL$(����$

(&

c#d

$VW�$%XY��&����$b�

����}$%XYk���

8

!"# $%& '(()*+,-.(/012

!"#

$

!

3

!

!$

%&'

"

Q

rs

2345&''()*+,-'.601

$%2kJ��

2

!

U

!

&

4@D

5!

T

#

T8T9

#

T8!:;;F+

%

<

5L

"&6789:

;

8:

��XW$ �$%2�

2

!

U

!

&

4@D

5 

L

¡¢o

&#GH¡£&BCDEL!"

Q(

"&2

T8T9:;;F+

%

<

5L

:

2

!

U

!

&

4@D

5 $

2345&''()*+,-'.601

$%&DEL

$(OP$BCL$(¤¥!"

Q7

"&2

T8!:;;F+

%

<

5L

:

2

!

U

!

&

4@D

5$yDEL$(P¦O§$KBCL

!Q!

! !



! "#!$%

!

&'()*+,-./0123456()*789

:

!

;

"

<

#""$%&'())*+,-./)0123

=>?@A

+$

B

&45

CDEF

GHIJ KLMN!

67789:

"

;

<6

" =/.>8 #88 3?@-/@8 AB-)*99B.C*9;8 BD8 )E08 $%&<*))*+,-./)01238

0-0@)CBF08/G8&458H/)E8F/DD0C0G)8+$8A*-,0;8IDCB98*8)B8

0J"BD"#K"LK"MK"NO*GF"P"*)"*";@*G"C*)0"BD"677"9:

"

;

<6

OP #<

L@

$% QR=S*TUDVWXYZ[

$%&<())*+,-./)0

-.\0]

$

Q

R

Q

D^_`abD

=S*cd% efgDh%ijk`abDl+

mnd%opqrRsl+FtDuFt%vwx

yqz{?4|}D

$%&

~�Dl+cd

>

"

<

L""$%&<())*+,-./)0123

=>~�?�@A��

$

Q

R

Q

D

&45

��CDEFG�IJ KLMN

677"9:

&

;

<6

"=/.>"L""3?@-/@"AB-)*99B.C*9;"BD" )E0"$%&<())*+,-./)0123"

0-0@)CBF0"/G"S-*GT"&45"H/)E"7"U*VK87>7#8USVK8*GF87>Q8

99B-

&

W

<6

8U@V8$

Q

R

Q

8*)8)E08;@*G8C*)08BD867789:

&

;

<6

<

M

���=�

<!X789:

�%

$%&<())*+,-./)0123

=>?@A��

$

Q

R

Q

D

&45

CD=��UIJ

>8

�

�

$

Q

R

Q

�%4�U=��M��%�

6>#8;

����

�B% |[�=>��M�U�+

$

Q

R

Q

D���

*

>8$

Q

R

Q

�����% =� 

$

Q

R

Q

��D¡¢w�

£% ¤4=�¥

$

Q

R

Q

��?

7>!8Y8M#8!9B-

&

W

<6

¦§

�¨Jd©ª%«N

!>QP8!(

&

U99B-

&

W

<6

V

<6

%¬�

U#!8! QV8!(

&

U99B-

&

W

<6

V

<6

&

@9

<Q

%89®

U7>678! 7>7#V8

!9B-

&

W

<6

#¯°±²

!

$

>8$

Q

R

Q

���¢�%4=�³

´µ¶% ·¸²VWD

Z/@E*0-/;<Z0G)0G

,¹º»

XY%|¼

Z/@E*0-/;<Z0G)0G

½¾

[

Z

*++

²

67>L8!9B-

&

W

<6

>8

�=>

X8

B

3

¿À% Á

Q8F

894]

7>7Q899B-

&

W

<6

$

Q

R

Q

D=S*cd%

6

ÂÃ4S*=�Ä�ÅÆ

�UD�

P7\

'ÇÈÉÊrË#ÁÌ

X

Í$%4�U=

�Ä�²ÅÆ�U=�D

N#]

'ÇÈÉÊ

6

ÂÃ%4

=��U�ÎÏÅÆ=�D

M#]>"

QÐÑÒZ[

$%&<())*+,-./)0123

=>`bD��d% QÓÔ´

=>|}h%DÕÖ×ØÑf% Ù`Ú´z{£

ÛD

$%&

~�%op�ÜD=S*�Ý¶�+Þ~

ßà

>"

"

<

M""$%&<())*+,-./)0123

=>

<!X7"9:

�=��]@A�

�

$

Q

R

Q

=��UIJ#á<!=�¥

$

Q

R

Q

��©ªI

J$

=/.>"M""(9+0CB90)C/@"C0;+BG;0;"BD")E0"$%&<())*+,-./)0123"

0-0@)CBF0")B")E0";,@@0;;/A0"*FF/)/BG"BD"$

Q

R

Q

"/G"&45"

U7>6"9B-

&

W

<6

K"+$"M>7V"*)"*G"*++-/0F"+B)0G)/*-"BD"<!X7"

9:"U)E0"/G;0)";EBH;")E0"F0+0GF0G@0"BD")E0"C0;+BG;0"

BD")E0"0-0@)CBF0"BG"$

Q

R

Q

"@BG@0G)C*)/BGV

!"# $%& !'#"(

!"#$%

)

!

*

!

&'(

âã5ä�rRåæ5ä% ?ç�èéêë

ã�%ì½íîlïzðî%ñOò£Û)óA�

ôõ£Ûcd)#

%R5

$

^6M_

>O&Z(

ö²÷øâã5ä

ïzðî(ùî()*7úlDèéû

>O$%&<())*<

+,-./)0123

=>Ê´89

%(`OQLX>M

âã5äCô

õüD

$

Q

R

Q

>O

<

NS

ýü

$%&<())*+,-./)0123

=>�

U

%(`OQLX>M

5ä#

Q"67

L

Â5ä$

$

Q

R

Q

ôõ(þD

=�

<

�ÿIJ

>O

!J��� % ��

!O!9B-

&

W

<6

O

&Z(

%4�U=�

6#O;

���"£%Z[=>��

QL!

! !



! " #

!"#$

!

"! #$%&'()*+,

%

!

&

!

'(

-./0123

4" 5678

%

!

&

!

,9:;<,

'(

=>&'/0?

@A

)*+(!,$'-

BC()D,

%

!

&

!

EFG

#'.,(

/012

#

3

45

"5HIJKL,MN

6578

'9

OPQRS

:

T

U,VW/0XYZ'8

%

!

&

!

,/[\VW"](

^_

;<*

`abcdef[gh $Mi

%

!

&

!

,j

kl%

'(

jklcd."

%

!

&

!

VW/0XYmn $R

S

=

%" opRS

:

D,VW/0q7BC(^_

;<*

`a.rs,

%

!

&

!

;<,

'(

t

>

uvwEF,

%

!

&

!

xyz{cd8(^|}D" ~����O

.7'?@

&

.-'?A

�

5"!'"A

$��

5

%" �p��(�D

,

%

!

&

!

��,�>6yq?�,"��O��(^

D

%

!

&

!

����M��,s������"�O�

M��� ¡s¢�£¢\,¤¥¦§¨©ª

'

(

«

7((%);B*CC=DE2FGCHIJK

/¬]�

L=M

�ef[gh

L:M

,

;<*

`a,BC(�,/0&'

NGF'O 799 *0DHP10HCPGQ9 PHRD1/RHR91:C=G/HS9=C9 CTH9%);B*CC=B

DE2FGCHIJK9H2HQCP1SH9U1P9CTH9H2HQCP1Q=C=2VCGQ9PHSEQCG1/9

1U9HWCP1QH22E2=P9%

!

&

!

9XGCT9LQEPYH9=M9=/S9XGCT1EC9LQEPYH9

:M9Q=C=2VRCR9ED1/9CTH9=SSGCG1/91U9;<*9 LCTH9H2HQCP1SHR9

XHPH9:G=RHS9=C9=9D1CH/CG=291U9BZ'>$9[9LYR'9\K]MM

�

59

BC(�D

%

!

&

!

,~�®

^=:'O5O)HQ1YHPVO0H=REPH0H/CO1UO%

!

&

!

OPH2H=RHSOUP10O

)*+!,$'-O0=QP1DT=FHROR=0D2HR

!

! "

¯ I t

%);

° ± ] ² ³ � ´ µ � ¨

%);B*CC=DE2FGCH

¶·�"¸¶·�Z

%

!

&

!

,/0&

'HEF$

Z'>O_O-?O!013

#

3

B5

%¹Sº¡»"¼®O

>'!.O!*

#

`0012

#

3

B5

M

B5

" ½¾FO

L?>O! !MO!*

#

L0012

#

3

B5

M

B5

#

Q0

B!

"��¿O

LZ'5ZO! Z'Z?MO!012

#

3

B5

$XÀÁO

>

%" ?Â8BC(^D

%

!

&

!

EF,½¾

Ã"��

'

#$%&

"#$%$&$'($)*+

658OONG/aH2O^'O)HS1WBSHDH/SH/CORGF/=2OCP=/RSEQCG1/ 6b8'ON]c\O

3HCCHPRdO!ZZZdO$-,L5MeO?!B?$'

6!8OO+EOfO<dO%EOgObdObG/ObdOHCO=2'O]2HQCP1QTH0GQ=2O=DDP1=QTOU1PO

SHCHQCG1/O1UOHWCP=QH22E2=PO1WVFH/OPH2H=RHSOUP10O]PVCTP1QVCHRO

:=RHSO 1/O FP=DTH/HO UG20O G/CHFP=CHSO XGCTO 3=QQ=RHO =/SOO

!d!B*hG/1B:GR `>BHCTV2:H/h1CTG=h12G/HB,BRE2U1/GQO =QGSM 6b8'O

*/=2VCGQ=2OKTH0GRCPVdO!Z#ZdO7!`.MeO>?77B>?.,'

6>8OO ^=CHO )O<dO )HDG/HO bO ]'O ;T=F1QVCHRdO 1WVFH/O P=SGQ=2RO =/SO

2E/FOG/iEPV6<8II;PVHPO+O*'NPHHO)=SGQ=2ROG/OcG121FV'OjHXO

g1PaeO*Q=SH0GQO;PHRRdO5.7$`[kMeO5..B!Z.'

6$8OOKTH/OlOfdO+=/FOmdObG/ObdOHCO=2'O31XBD1CH/CG=2OSHCHQCG1/O1UO

H/S1FH/1ERO=/SODTVRG121FGQ=2OEPGQO=QGSO=COEPGQ=RHBCTG1/G/HB

RG/F2HBX=22HS O Q=P:1/ O /=/1CE:H O 01SGUGHS O H2HQCP1SHR 6 b 8 '

*/=2VCGQ=2OKTH0GRCPVdO!Z5ZdO7!`,MeO!$$7B!$??'

6?8OO3HGOKO%dO3GRS=CONdO+122H/:HPFHPOndOHCO=2'OKVC1QTP10HOQIQ2=VB

01SGUGHSOH2HQCP1SH6b8'O]2HQCP1=/=2VRGRdO#...dO##`$oeO!-$B!-,'

6,8OO3HGOKO%dO+122H/:HPFHPOndObE/FOKdOHCO=2'OK2=VB:PGSFHSOH2HQCP1/O

CP=/RUHPO :HCXHH/O QVC1QTP10HO ;$?ZQ=0O =/SO H2HQCP1SH 6b8'O

cG1QTH0GQ=2O =/SO cG1DTVRGQ=2O )HRH=PQTO K100E/GQ=CG1/RdO

!ZZZdO!,7`>MeO-$ZB-$$'O

6-8OOKTH/OfO3dO%EOjONdOpH/FOgO%dOHCO=2'O&PSHPHSOH2HQCP1QTH0GQ=22VO

=QCGYHO UG20RO 1UO TH01F21:G/dO SGS1SHQV2SG0HCTV2=001/GE0O

G1/RdO=/SOQ2=V6b8'O3=/F0EGPdO5...dO5?`!ZMeO-Z!!B-Z>Z'

678OOpT1EOgO3dO%EOjONdOpH/FOgO%dO HCO =2'O%H0HODP1CHG/BQ2=VO

UG20ReO lGPHQCO H2HQCP1QTH0GRCPVO =/SO H2HQCP1QTH0GQ=2O

Q=C=2VRGR6b8'O3=/F0EGPdO!ZZ!dO57`5MeO!55B!5.'

6.8OOpT1EOgO3dO3GOpdO%EOjONdOHCO=2'O3=VHPB:VB2=VHPO=RRH0:2VO1UO

E2CP=CTG/OUG20RO1UO%H01F21:G/O=/SOQ2=VO/=/1D=PCGQ2HROXGCTO

H2HQCP1QTH0GQ=2O=/SOQ=C=2VCGQO=QCGYGCV6b8'O3=/F0EGPdO!ZZ!dO

57`!!MeO7?->B7?-.'

65Z8OOKT=PP=SGOqdON1P=/1OKdO;PHY1CO[dOHCO=2'OKT=P=QCHPGh=CG1/O1UO

TH01F21:G/O G001:G2GhHSO G/O <F*2B3=VHPHSO S1E:2HO

TVSP1WGSHRO:VO CTHOQ1DPHQGDGC=CG1/O0HCT1S6b8'O3=/F0EGPdO

!Z5ZdO!,`5!MeO...-B5ZZZ$'

6558OOKT=PP=SGOqdON1P=/1OKdO;PHY1CO[dOHCO=2'OlGPHQCOH2HQCP1/OCP=/RUHPO

=/SO H/T=/QHSO H2HQCP1Q=C=2VCGQO =QCGYGCVO 1UO TH01F21:G/O =CO

GP1/BPGQTOQ2=VO01SGUGHSOH2HQCP1SHR6b8'O3=/F0EGPdO!ZZ.dO!?

`5-MeO5Z>-,B5Z>7>'

65!8OOfEObO<dO3GO+dOgG/OmONdOHCO=2'OlGPHQCOH2HQCP1QTH0GRCPVO1UO

\=0D2HO

j1'

*SSHSO=01E/CR

I`!012

#

3

B5

M

<H=REPHSO=01E/CRI

`!012

#

3

B5

M

)HQ1YHPVI@

5 ! 5'.- .7'?

! ! 5'.? .-'?

> ! !'Z$ 5Z!'Z

!,$

! !



! "#!$%

!

&'()*+,-./0123456()*789

:

!

;

"#$%"&'%()* "* %+* +,$-',.* +,+%/,$$,0-.12$)* ".,#*(%3242)3*

).)"$'%3)* ,+3* 2$5* ).)"$'%",$,.#$2"* ')3-"$2%+* 4%'* 6

7

8

7

9:;<=

>.)"$'%"&2(",=?"$,@*7AABC*D7EFFGH=!IAFJ!IAI<

9F!;==K-=:=LC=M2=NCOP2+=Q=RC=)$=,.<=S2')"$=).)"$'%+=$',+54)'=,+3=

T2%).)"$'%",$,.#525= %4= &)(%1.%T2+= %+= +,+%J5$'-"$-',.=

,$$,0-.12$) = ".,#J(%3242)3 = 1.,55# = ",'T%+ = ).)"$'%3) 9 : ; < =

:%-'+,.= %4=U%..%23= ,+3= V+$)'4,")=W"2)+")C= 7AABC= !FD EFGH=

FBAJFBI<

9FX;==K-=:=LE

<=>

GC=6,+=N=KE

?@A

GC=P2+=Q=RE

BCD

GC=

)$= ,.<= S2')"$= ).)"$'%+= $',+54)'= %4= 1.-"%5)= %Y23,5)= ,+3=

1.-"%5)= T2%5)+5%'= T,5)3= %+= +,+%J5$'-"$-',.= ,$$,0-.12$)=

".,#=(,$'2Y9:;<=U&2+)5)=:%-'+,.=%4=U&)(25$'#

"EF*G#

C=

7AAZC=7BEFFGH=7FZBJ77A7<

9FD;==6-,+1=:=MC=[5,2=P=U<=S2')"$=).)"$'%"&)(25$'#=,+3=T2%5)+52+1=

%4=&#3'%1)+=0)'%Y23)=%4=&%'5)',325&=0)'%Y23,5)=2((%T2.2\)3=

,$= (-.$2],..)3= ",'T%+= +,+%$-T)^,.-(2+,J"%,$)3O 52.2",O

+,+%"%(0%52$) O (%3242)3 O 1.,55# O ",'T%+ O ).)"$'%3) 9 : ; <

W)+5%'5O,+3O?"$-,$%'5O_HOU&)(2",.CO7AAZCOFXA`FGH=7IBJ7B7<

9FI;==P2+=P=:C=Ma=P=RC=N-=bC=)$=,.<=S2')"$=).)"$'%"&)(25$'#=%4=

')3%Y= 0'%$)2+5= ,+3= )+\#()5= 0'%(%$)3= T#= ",'T%+=

+,+%$-T)59:;<=W)+5%'5C=7AADC=DEXGH=77AJ7!X<

9FB;==W\#("\#c=d=6C=e)''=_=?=>C=R'))(,+=[=?<=V+a%.a)()+$=

%4=&#3'%1)+=0)'%Y23)=2+=$&)=3244)')+$2,$2%+=,+3=,0%0$%525=

%4= 0')%5$)%".,5$2"= ")..5= )Y0%5)3= $%= ,'5)+2$) 9:;<=

_2%"&)(2",.=0&,'(,"%.%1#C=7AAIC=B7EIGH=BIFJBIZ<

9Ff;== N2+$)'T%-'+= U= UC= 6,(0$%+= L= _C= M2a)5)#= := 6C= )$= ,.<=

L%3).2+1=$&)='),"$2%+5=%4=5-0)'%Y23)=,+3=(#).%0)'%Y23,5)=

2+=$&)=+)-$'%0&2.=0&,1%5%()=J=V(0.2",$2%+5=4%'=(2"'%T2,.=

c2..2+19:;<=:%-'+,.=%4=_2%.%12",.=U&)(25$'#C=7AAIC=7fFED7GH=

!ZfIAJ!ZfIZ<

!"#$%#&'($) *%#"+('&$% ,--&./01(-% 20&3 4&5"6"7."$(-%$8

9&:#(6&-("5 &5' ,..0(6&-("5 -" ;%5$(51 -)% <+-#&6%00/0&# =

>

?

>

@%0%&$%' A#"7 B%00$

Ng=b2+1C=U?V=U&)+JY2+

h

E!"#$%&' ()* +,-./,0./* .1 2)3 4.3)/ 5,00)/")&6 7.88)%) .1 79):"&0/* ,$; <,0)/",8& =>")$>)6

2,$?"$% 2./:,8 @$"A)/&"0*6 2,$?"$% 7FAAXI6 79"$,G

,:$-#&6-8

[&)= +,+%5$'-"$-')3= ,$$,0-.12$)= ".,#= ],5= )(0.%#)3= ,5= ,= 5-00%'$= (,$'2Y= 4%'= 2((%T2.2\2+1= &%'5)',325&= 0)'%Y23,5)=

E6ibG<=R[Vi=,+3=).)"$'%"&)(2",.=()$&%35=3)(%+5$',$)3=$&,$=6ib=&,3=T))+=)44)"$2a).#=,55)(T.)3=%+=,$$,0-.12$)=5-'4,")=]2$&=$&)=

4%'(,$2%+=%4=6ibJ?$$,0-.12$)=+,+%"%(0%52$)5<=[&)=6ibJ?$$,0-.12$)=&#T'23=],5=3)0%52$)3=%+= $&)=1.,55#=",'T%+= EjUG=).)"$'%3)=

4%'(2+1= $&)=6ibJ?$$,0-.12$)^jU=).)"$'%3)<=U#".2"=a%.$,(()$'2"= ')5-.$5= 5&%])3=,=0,2'= %4=])..J3)42+)3= ')3%Y= 0),c5C=]&2"&=])')=

,5"'2T)3=$%=32')"$=).)"$'%+=$',+54)'=ES>[G=%4=6ibC=]2$&=$&)=4%'(,.=0%$)+$2,.=B

A!

k=J!!D=(l=Ea5<=WU>G=2+=$&)=0&%50&,$)=T-44)'=5%.-$2%+=

Eb_WC=06=B<AG<=[&)=3)0)+3)+")=%4=B

A!

%+=5%.-$2%+=06=2+32",$)3=$&,$=S>[='),"$2%+=%4=6ib=],5="%-0.)3=]2$&=0'%$%+=$',+54)'<=[&)=

3)a).%0)3=).)"$'%3)=')a),.)3=,=1%%3=).)"$'%",$,.#$2",.=,"$2a2$#=$%],'3=$&)=')3-"$2%+=%4=6

7

8

7

<=[&)=).)"$'%",$,.#2"="-'')+$=],5=.2+),'=

$%=$&)="%+")+$',$2%+=%4=6

7

8

7

=2+=$&)="%+")+$',$2%+=',+1)=%4=A<!=$%=BD=!(%.

$

M

JF

=]2$&=&21&=5)+52$2a2$#= EED!=" 7G=!?

$

E((%.

$

M

JF

G

JF

$

"(

J7

G=

,+3=.%]=3)$)"$2%+=.2(2$=EEA<FA=" A<ADG=!(%.

$

M

JF

G<=L%')%a)'C=$&)=6ibJ?$$,0-.12$)^jU=).)"$'%3)=],5=-5)3=$%=3)$)"$=$&)=.)a).=")..-.,'=

6

7

8

7

=').),5)3=4'%(=$&)=L,"'%0&,1)5=")..5= Ei?N=7IX<BG<=[&)')4%')C=,+=).)"$'%"&)(2",.=,00'%,"&= 4%'=3)$)"$2%+=%4=")..-.,'=6

7

8

7

=

T,5)3=%+=6ibJ?$$,0-.12$)=&#T'23=],5=3)a).%0)3<=[&25=5$-3#=&,5=+%$=%+.#=)5$,T.25&)3=,=+%a).=,00'%,"&=$%=3)$)"$=")..-.,'=6

7

8

7

C=T-$=

,.5%=0'%a23)3=,=1)+)',.='%-$)=4%'=4,T'2",$2+1=,$$,0-.12$)JT,5)3=T2%5)+52+1=0.,$4%'(=a2,=,55)(T.2+1=)+\#()5^0'%$)2+5=%+=,$$,0-.12$)=

5-'4,")C=)Y0,+3)3=$&)=5"%0)=%4=,$$,0-.12$)=,00.2",$2%+5=$%=$&)=42).3=%4=T2%).)"$'%,+,.#$2",.="&)(25$'#=,+3=")..-.,'=T2%.%1#<

C%3 D"#'$8

&%'5)',325&=0)'%Y23,5)m=,$$,0-.12$)m=&#3'%1)+=0)'%Y23)m=(,"'%0&,1)5=")..

7ID

! !


	Horseradish Peroxidase-Attapulgite Clay Nanocomposites: Fabrication and Application to Sensing the Extracellular H2O2 Released from Cells
	Recommended Citation

	tmp.1677736479.pdf.nacTU

