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2 2k Horseradish peroxidase (HRP), alkoxysilane?] TEOS] 2 -8 93} graphiteS &35}, A7 A =ALS VeI AAHE
o] 7}5akm gHg A2 FF4FAI 7] carbon composite electrodes (CCEs) u}0] .41 A2 A|2H}9ic. TEOSS] 221 Ao|uk-8-g of
8-3}o] HRPE silicate gel network 22 8] A1 7] B}o] @ Al A= -0.2 Vol 4] Hy0,2] Thelo] AJ2t= ¢l e, HRPO] §5F} pHE W
SHAIA 22 A 21 Fokginh 24 24 21004 A 9 HEIAE A3 A 0222 mMO] H)0; 5= H 9]
A AARQ 78S YeEY ] A&3A = 0.035 mMo] ¢l th. ascorbic acid, acetaminophene, uric acid®] Haf| 282 xS 2
I Ho0,9] A7)3eka] 2o Jaf& 2] &t

ZHI0]: =-A, ek A E-3 Horseradish peroxide, H}o] @ Al A, ZHAES} A

ABSTRACT. A sol-gel derived carbon composite electrodes (CCEs) were fabricated by mixing horseradish peroxidase
(HRP), sol of tetraethoxysilane (TESO), and graphite powder. The HRP solution was added to the sol solution of TEOS,
and then graphite powder was added to this mixture. The resulting carbon ceramic network effectively encapsulated HRP
and shows a catalytic reduction starting at -0.2 V for H,O,. The optimum conditions for H>O, determination have been
characterized with respect to the enzyme loading ratio and pH. The linear range and detection limit of H,O, detection were
from 0.2 mM to 2.2 mM and 0.035 mM, respectively. The common electroactive interferences such as ascorbic acid, ace-
taminophene, and uric acid were not affected upon the response to H,O, at the HRP biosensor due to low detection
potential.
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7} ARG E I Qlok BT o] Batsta Ael o] |

PAFS A (H00)= B, B, AR, 304, 9 o] X|= o] qlof A7|stekA el EA W o] Ho] Ay
oF 59 AbQdZEofoll A theFshAl AREE AL Q& obY L Qlok. A7jskehA] wre Ao A 71k Ha0,
2}, A ol A thAFg ol 217 To kA U th Ak 9] o] ital/ehd Al B2+ ARE S5t HEE AHES
A= (side produc) 2 A ETh 53] ZE A NS m AR AA FEj = A Afste] F27F Ibdekar, v
AnE A E= AlZzelolA HAYEE= H0= 574 A7 vA7bs S8 Foke] A4S Al
AYATS A% Fo ANNARE FEHDL gk % glow, H7)H A5E A4 SHenR 4w 9@ g
Hy0,7} ZFofdhi= thE 20l B4R = glucoseE 4] 7| = WA fEatet?
glucose oxidase (GOx)7} Q2o.1, o] 2]9] alcohol oxidase AEH AA A2 Al Ho00 ot ot AeAdS 3
(AlOx), lactate oxidase (LOX), cholesterol oxidase (ChOx) & AFA1 7171 )3l metal hexacyanoferrate, carbon nanotube,
olg] 71A] @47}tk H,0,5 2451 = 7] 7] & el & graphene, metal, metal oxide, @ macrocyclic metal complex
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o] ALHEITL QIO ATEl4 S0 A heme moicty S
7}A] 321 Q1= metalloprotein®] horseradish peroxidase (HRP)
S probe® ARE-RE 217] 2814 biosensor7} 71 o] AMS-H
31 QIrh1Z16 wlo] @ Al A (biosensor)= Al A EHo| BAT)
AF BT AEH 02 7188k probedl AH<=8 A (bio
receptor)2 EI}Ho| T QHYH OB THA|7|E o] Fa
5t, HRPE HFo] @AlX 32 of] 17 A]7]7] 13 silica sol-
gel, conducting polymer, ionic liquid, self-assembly monolayer,
layerby-layer assembly7} dutz o2 ApgE3 gk ™2
ol & "WMH = silica sol-gel'-2 alkoxysilane®] th3-4 2
A A4 Woll HRPE 322 (entrapment)A] A H}o] A4 3
Holl LGA7]= 2, HRP 127 A] H o)/ ot ¢+
He BAO] SR 4 olo] Wol AFHL gYek
Alkoxysilane2] -7 A o] HF-2-2 alkoxysilane, Z 1 (A
= E71), co-solventQl &ZF3} 5& A3t HH| 2 E3ts)
of AojFe Tt g or s AR HolEof
silicate -&-2] networkE & AJ3rt}. 2?7 Alkoxysilane] Z-
7 Zo]+= hydrolysis@} condensation 742 A& Ar2
A= oyt dof ozt A& o] WS a3
= 913, alkoxysilane9] silicate -2 @& o2 94T
ooyt A7|atstA o & H|ZH/o]7] wj&ol MA+&
A} a7 o] golstar g-&/do] mj At

Alkoxysilane2] silica gel> 7| A=A 7[R A] &2
B 2 alkoxysilane?] silica gelo]] 32 ¥ HRPH}o| QA A=
F2 A=A 1A (glassy carbon, Pt, Au, ITO glass, carbon
paste) Fwloll 9 U} FeE) 2 gel® 5] AL Gk
SFZ drofl 227 ¥ HRP BFo] 2 Al A = 1Fo] Qb A& F4
A717] f18l M=/ ILEA}, chitosan 5-& 23tk AHE
313 Lot 4714 el ebg Aol Wol A Aol of el
Hdo] Qltt. o]& R 5] 913k alkoxysilane?] gel-8-oH ik
graphite E 5101, 27 A% AS el 3L A Akgo] 7H
Sola S FAAIZ] carbon composite electrodes
(CCEs)7} 4531 Qlt}. CCEs= a4 7) 28§ silica gel
3} graphite7} YA P &2 FU5HA vHES FAskA, A
=4 A o v P2 YA silica gel Lt} YA
o] grElo] uho] 9 A MR H3SIe Levol <3
7N CCEs= A=9] A=A #5412 ¥4 Al (modifier) 9]
28 FAlO) & 4= Qlof, A7Istske] A A A, 75
WS o] &3k 3ekmbo] @ AlA At §8F AL
3-36

30 1% |k

o M T o

o] F-of A += alkoxysilane?] tetraethoxysilane(TEOS)=
AHERE &-A HMo|ukgS& F5tol HRPE silicate {7
network®]] 2] A]7] & graphite®} &315}0] CCEsd €] 9]
HRP o] 9 442 A 23k k. 4122k HRP uo] @ 41 4
o] A713}8h4 A& £AKSHL, H,0, 5 Al HRPE| &

Al2F 3 717

Bk 4715 (graphite powder)= Fisher Scientific®] No. 382 A}
3t 9580 A= A AL KHPO,, KHPO,9
5 22l horse radishoxidase(HRP, EC 1.1.3.4. from Aspergillus
niger, 150 Units/mg), tetracthoxysilane(TEOS, 99%), HCI, ethanol,
ascorbic acid, uric acid, acetaminophene, 2 H,O»+= Aldrich
Co(99% ©o[4hE olgafdiry. mE gaje] Azos
MilliporeAt2] milli-Q& AR&-sto] ¥ & o] 23t 32t
FR5E AT Arlse A AATUS ol §
shich. A1 43E HRP7F 288 CCES AL83h4 L,
71 =2 Ag/AgCIG M NaCl), 20 =2 Wig4S 2t

(BAS 100B/W)E A&t o, A7 o] &35 A7=
A A] 2N magnetic stirrerE 0]-23}0] 300 rpme] &=
2 Aol =t

HRP-carbon composite HIO| 2 M A H|Z=

1.0 mL TEOS, 0.2 mL 7<=, 10.0 uL 1.0 M HCI¥} 0.2 mL 9]
ofetES Egsto] Ao]FHA 147t F3F ¥hgA1A A
SN vt SF-8 Nl 591 200.0 pLo] HRP 84
ulg] A Z3s 0.2 mL A-gHof Y1 105 %<t sonication
X171 %, 0.16 g2] graphite® HRP7} 3)%] A-golo] @1
T2 ST Ao]=HA HRP7} Z2|% graphite
WS Al 23t graphite 95 FE| (A& 3 mm, 2
o] 50 mm) 2 Wol 1 am®] ol = A& 7, Hel ] ohe
Ho g 12 A& graphite §H5of 43T potentiostatES
CCES} A2 ahole}. 210l 48 CCEE 4204 244
7 Eet Axsiglon, 4 Ao f-4hA|(weighing paper)
2 BWe Aol A8t erh. HRPS| Gk eraphite
o 37 HRPO| e o ALE(wi%)@ BHAFsEe] 0.4-2.4
SR EREES
ERnE
HRP HIO| QMM 2| H7| 518 S4 3 #AT

TEOS+= &9 7lE3l|(hydrolysis)o] 23} silanol groups
(Si-OH)©| A7) 11, =3Ht-S-(condensation)S E3f siloxane
(-Si-O-Si-) 152} e o] 32} silicate 32 gel network
7} A A =t} HRP= silicate -§-2] network Ujof] 3 x| of
g E T 28 %o Sl HRPE FHufjak-gof ofs H0,
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Horseradish peroxidaseZ} HAJEl tAE3} vlo] @Al A e W A 7] 5}6H2] H,0,8 4] 573

Tt 2ol whgait,
H,0, + HRP(red) —> H,0 + HRP(ox)

TEOS 2 network— H,0,¢} o] 2} BEX&5&
4 o gler, A networke] 127 ¥ o] = HRP
H00= HhOR Slo] dojubm, ojuff HF7}
ot g A 3 2= AR{= H0:9] 57t 57
Al H ok

H,0, gHl o] gk HRP Hfo] @ Al A o] £/485& oo}
A3, AL AFH(cyclic voltammetry) L A
(amperometry)& ©|-&-3sfo] 7|5}ty EAJE A}
t}. phosphate €+Z-84(0.1 M, pH 7.0)o]] ¢ %= 0.2
H0, & tfsl, HRP7} 1= %] 24> bare CCEQ}
HRP7} 3178 ¥l HRP-CCE B}o] 2 AlA & ©]-§3}o] Ha0,0]
gt ALAF FA(cyclic voltammogram)2 ¥ ) th(Fig.
1). Bare CCEoll A& H,0,9] UM F7F 522 gkokony,
HRP-CCE B}o] @ Al A 2] 7§~ -0.2 Vol Al Hy0,9] gh¢lo]
A o] S I7E ZAH5HE AR Zokshnh 0,
of oJgt & o fE elstr] 98] H.0,9 &5 57t
A7) A}, B} 275 8 ARE 27kl 02V
of ARl A B27] AR ARE MO, B0 g
MRS Slsholeh. GAUAH Z7H5H H0x0) 24
HRE Z71010] B0y B4 A ZHEE EoPALE, o
SEARR0L 2 S EEE9] Sl o3 e ahg
S Fasetr] $18l -03 VE H0, AFH 24 A] Hiol 2
ALA ol 74ehe A9z A=l

HRP-CCE H}o] R AIA| S o] -&-5lo] H05 #17]|35}5}H4]
o2 EA% 7, HRP-CCE Hfo| 2 AlA o] =224}
z7goje] 2710 ubel nfo] 9 HA o] st oL
=T} Graphite tf 34 HRPE] A Fu Al E(wt%), 574§
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Fig. 1. Cyclic voltammograms for 0.2 mM H»O, at bare CCE
(---) and HRP-CCE biosensor (—). Phosphate buffer solution
(pH 7.0, 0.1 M); Scan rate, 50 mV/sec.
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Fig. 2. (a) The effect of HRP loading for 0.2 mM H»O, at HRP-
CCE containing different HRP loading of 0.4, 0.8, 1.2, 1.6, 2.0
and 2.4 wt%, respectively. Applied potential, -0.3 V; phosphate
buffer solution (pH 7.0, 0.1 M); stirring rate, 300 rpm. (b) The
effect of pH for 0.2 mM H,0, at HRP-CCE biosensor. Applied
potential, -0.3 V; HRP loading, 1.6 wt%; stirring rate, 300 rpm.

HO| pH ®3}o & H0, A& HA x2S

Z AV TH(Fig. 2). Fig. 19] AR 7T 20258 A
51 57 Al HRP-CCE H}o] @ Al Al o] 7}é}= A 9= 03 V
2 slgon, 24 £k 300 pme] HE8 GHS Aol =
]t} Fig. 2(a)= 0.2 mM H,0, £ (phosphate £+3-8-91, 0.1
M, pH 7.0)°]l ti3l, graphite T 1% HRPS] AzF HAE
(W%)E 0.4, 0.8, 1.2, 1.6, 2.0 L 2.4%= HIA| 7| HA A
F2715 2AFSHITH HRPO| gHefo] F7hghe] whet A &7
= F7tskelew, HRPO| 3heFo] 0.8%0 4] 1.2%= 57t
S H0,9] A 77} 274 F7FshaL, 1.6% ©]/4] HRP
dFelA G ARE UEHWAT Fig. 2(b)= pH
6.0~8.5 ¥ 9]o] 4] pHE W 3HA|Z wf, pH ¥ &}o] whE 0.2 mM
H0,9] ARRSE SHHY -03 VoAl 1.6 wt% HRP-
CCE H}o] QM A 5 o]-&-5}Fo] AT pH 6.09] 4] 7.0
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o ol W SUARE S7bske] pH T.000 4] Hj
Foll =t o] 9] pHol A= FF 7} At} HRP
7} ZF o] TS el pHE 702 delA 9o,
HRP-CCE Bto] & A4 o] HthH 57k pH 7.000 4] 225
u& 2 HRPO| F4o] Watx] 95§ o] CCEZ
HRPS] 4o A QS o 4 olrh. ol4ke] A5 2
FEHE 0, & £4T A4S ZHAY 030 V, HRPE)
3Fek 1.6% 2 pH 7.0 HH 240

et

H,0, A AZM 24 3 Yol &S

Fig. 39 Hy0, % x0] ©2 HRP-CCE H}o] @ Al 4] &
FHskE A5 (apmerometry) &2 EAFSH] HEFA
e It} Fig. 204 31 H,0, 24 HA 2 A(ESA
¢k <03V, HRP & 1.6 wi%, pH 7.0)0ll 4] H0,9] 5 ==
0.2 mM ©¢j#A BSEA| 7] H A A|ZFo]| wE HRP-CCE Ht
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Fig. 3. (a) Amperometric response of HRP-CCE biosensor for
successive addition of 0.2 mM H»O,. (b) Calibration plot of
HRP-CCE biosensor. Applied potential, -0.3 V; phosphate buffer
solution (pH 7.0, 0.1 M); stirring rate, 300 rpm; HRP loading,
1.6 wt%.

in)

2~
T

o| Al o] W75 SA st th(Fig. 3(a). H20:2] 5 =7}
Zokgtol wheh A Zokakul, 2k ol tfake] AlAje]
AFE 252 olYo] Hoj Aol E2atATh. Fig. 3@)e]
A7bvs, AE HEE B v, A5 W2 Uehyo] A
A& ZA 3 A TH(Fig. 3(b)). 0.2~2.2 mM2] H,0, &%= ¥
QoA A Q1 8-S UEtWH, 24 mM o] 9] is
Lo A= Ao A Bloju+= BaFe et itk 24 &
& FEHNA AN AHALE y(pA)=1.2536(mM)
+0.18840] 1, R*=0.9922¢] 953t A4S Lehf et
0.5 mM H,0, 9o 4] 53] Wk= 2 5ko] gt AA A5
o) At EE A A 4.9% 9om, 227104 7
AEeHA= 0.035 mM o]¢lth. HRP-CCE H}o] @ AlA] €]
A= d5st7] fall pH 7.0 &5-8of 10 mLoj
%7} 02 mMo| HES 10,5 Hrkske] HHz
A recovery testE 41 A]5}91ck ZTAL o] Gato]
743 A3, 0.191 mMo] sjgst= ARAIZE
0] 95.5%92] recovery &2 UEMY AT HRP-CCE
uho] @ KA 9] obg A4S elsty] 98] 20] sk K A
A 221004 0.2 mM H0, 32842 o]-§3to] A7
AEE 24t 3% Fob 2T AT A ARAE
9] 78%7} 4] = o] HRP-CCE H}o] 2 Al A of | HRPE| &
ol Ao ® FA

A71sstA o2 AN R(E Y, 28 A2 5)o =91
I= 05 HET A5 A3 2459 4tste] o3t
F-go] 249 Ao FFS A, kAl B
E-2 ascorbic acid, acetaminophene, uric acid 5-©| ¢Jt}.
oz Aol osf WA SHE H0= +0.6 V
Aol A AFstrh dojube, AFSHA 91 & 7Fshod
H0, & E4E 7% ascorbic acid, acetaminophene, uric
acid S S A]of) AFsl7} Ao} a4 oIt B
Aol A ARE-RF HRP-CCEHFo]l @AM = el =2 &
APeE7E dojubA] ¢i= A 9loll A HRPO] Sl 2h-g-of o] sf

H0, 39l A 328 ARE SHstE2 YEdEe

==

=2 ofN
off

A B ode
iy

=

-

L oue & ok 30
oW & o
) ™

vy

¢

259 A2 X E HRP-CCE o] Al A= ascorbic acid,
acetaminophene, uric acid 9] AFS}7F dojubA] ¢F+= -03V
of AN Zu) BUHRE ZHslod, o5 BASe)
WS AR O R AL} Fig 4o 24 24
ZA49A4 02mM H,0, €949 0.1 mM2] ascorbic acid,
acetaminophene, uric acid = Z}Z} H 718t A9 LERY
At H0o0F 2 74 9-9] AFA7]E 100%= 5to] 2
ALl S 7%, ascorbic acid, acetaminophene, uric acid &
A7V w) ZFZF 99.2%, 101.1% 2 99.0%°] A= ZHe
et o] Al 39 Wefatgo] Ao dojuA S
gHelst .
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Fig. 4. Interference effect of HRP-CCE biosensor for successive
addition of 0.1 mM ascorbic acid, acetaminophene, and uric acid.
Applied potential, -0.3 V; phosphate buffer solution (pH 7.0, 0.1
M); stirring rate, 300 rpm; HRP loading, 1.6 wt%.

2 £

H o] Lof| A += Horseradish peroxidase (HRP), alkoxysilane
%l TEOS] 72 843} graphite S &3sto] A7 =S
e A ALE-o] 7Heskm b/ FAIXI carbon
composite electrodes (CCEs) H}o] @ AIAE A &5}t
TEOSS] =-A Ho|Ht-g2 ©0]83}o] HRPE silicate gel
network X2 ZJ A 71 & graphite@} &3t3}o] {-2] o &
T W05 H7|spstd oz HEsch AdAFH &
AFHS o8kl H0x00 thgt vio] 2 AllA] o] 7] 3tsh
Aol 54 o024 24 =274 3 Wl 485 A
t}. silicate gel networko]] & ¥ HRPQ] Zulj 2}-8-of 2|3}
H:00= -0.2 VR E] 2 A 77F Uekstow, HRPE| 95
9 pHell W& Blo] @ AlA o] 245 54& AN H.0:
4 H4 20e Aokl HgA 4 AETAE A8kl
AFHOZ 0,5 B43 7
S 16wt W pH 702 HH2A0R stof ARE =
A3k, 0.2 mM~2.2 mM 2] Hy0, % ¥ Qo) A 2142 ¢1
S-S Uepe HH 0] A HETHAE 0035 mM 0]2]
ol H0, FEE-S 0]-85}0] recovery testS 41 A|51o] Hlo] Q.
Al o] 452 H7)8lal, ascorbic acid, acetaminophene,
wric acid®] W AHG-S ZAFE AT H0,9] A7|8FerA
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