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Abstract : Redox complexes to transport electrons from enzyme to electrodes are very impor-
tant part in glucose sensor. Pentacyanoferrate-bound aniline (Fe(CN)s-aminopyridine), was pre-
pared as a potential redox mediator in a glucose dehydrogenase (GDH)-glucose sensor. The
synthesized pyridyl-NH, to pentacyanoferrate was characterized by the electrochemical and
spectroscopic methods. A amperometric enzyme-linked electrode was developed based on
GDH, which catalyses the oxidation of glucose. Glucose was detected using GDH that was
co-immobilized with an Fe(CN)s-aminopyridine and gold nano-particles (AuNPs) on ITO elec-
trodes. The Fe(CN)s-aminopyridine and AuNPs immobilized onto ITO electrodes provided
about a two times higher electrochemical response compared to that of a bare ITO electrode.
As glucose was catalyzed by wired GDH, the electrical signal was monitored at 0.4 V versus
Ag/AgCl by cyclic voltammetry. The anode currents was linearly increased in proportion to
the glucose concentration over the 0~10 mM range.
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& Al (glucose sensory= H}O] L AlA (biosensor)S]
UFow upol AMT A AFEE HeHow 1
he I IR ARE dEe AR sk
R A" FA7)7E Tet o] AsE Wkt

of Z4sh WS 3%, A, 4715, 9 A4 5
ofel 71 el st olel 714 wak W F o
A RS A5 WE pEe 549 gre 44 A
718 NER WBAA Frhs dolA TH ke
olth, olelst 44 Mo A/sshEe ol g
3 ol AN 247171 we o 49 Al
T T, B 24 @ wol 4

FEeiths EAd R 78S vho] oAl ol
AEA71717F FEJA R BAELAS 53 A8t
S B = Al =0Tk ol# g H7]5kekA
IS ol&3te tEAA o7t A (enzyme-
linked electrode)°]th. T4 £ YA 71T A=
o7 Ak, & f=dhe s T deERw
BAE A Aol xRt BAREEe] o8] k=
Arsleke WS APA R A7|ste FH7)7)E o
g3t A2 & Ut o] BEAEF F 7MY WA A
L3tol] AFst o7F I AAfoltt. dRkARl I Al
Ao AMgEE 49l F AkslE A (glucose oxidase;
GOxy= Addoz Er(glucose) AFSIAIZ|AL Fh
AL GA & ¢ o, tE Eid H3) st
w 3 gk or yAsES W & Ave ol
wjel] vl gdH oz gol AREE] gtk

olfdt AL 7= Wi g skslgsies Abks)t
712k dold ) ko] JFS @ol Womg Iw
7F EAY 71%e] B AHox A AE A =
W I A3t AA ARG HAE 6%l BAlE
15%7H] A Uow 2t BT 4 9tk 2%
Agt 3 " £4 & (glucose dehydrogenase;
GDH)S] 739 4tAe] kol #AIgle] dA3A &
F FAE 4 T F A HH B 2= g3
M o Astas B 08 HRE BHo] I
A& SAF doA B 2 FAHE THeve d
T7F BaL FHA ek SRRk Pofolu} Anel] &
Alete ZE=(glucose)o] Tie] o) Absl=o]
Aee ARE Aol AHH o= Aderlde a4
o] B4F4A (active center)Z A7} UF H7] of
Tl ol#e WA Ay wWrS(electron transfer
reaction)S £0]|5tAl & Atsl/E vl /) Al (redox
mediator)’} YFH OS2 glofof g}
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A § o] =2 A Aeg 4dg 4 ok °
AN7A] Fo] AREE= AtshEd wiZfA 24 AF7HA]
+= FFAoPde] = (ferricyanide), ¥ 2 (ferrocene)Z} |
29 F&A 22 F53FE, polyaniline
polypyrrole 72 AxA Z|H, tetrathiafulvalenex};
N-methylphenaziniumtetracyanoquinodimethane 72
A=A 4 Tl miAE A7 ==, H2ol= 8
= F£:91 Z(iron), FEIF (ruthenium), 22~E-(osmium)
2} sletEe] dist B2 A7t 8 o) 1
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g Axs F2 G BP0l Sstal Akee] JEks
wbz] ¢r= FAD(Flavin Adenine Dinucleotide) & &
44 J A (FAD-dependent glucose dehydrogenases
(FADGDH))Z A3t} 2D 2y FAD 92 HA7]
A 7 9] (electrostatic potential)= 22| 7 3H(negative
charge)® = 0o, AshEHA wiziA| ] Hshrt &9
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5_401 %]-;]_.26.27)

2 =RoMe olge A& ARbet & ke YA
o] 12} olIZ|E FASI, T HdolE IFE,
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(poly(ethylene glycol) diglycidyl ether)E ©]-8 3}
ITO (Indium tin oxide) A= floll Aol 15}
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2.1 A & A=Z

Ao A" AleFel Ammonium disodium
pentacyanoamminferrate dihydrate:= Fluka®] A%<
AA glol ZE AME O™, Gold chloride
trihydrate, 4-Aminopyridine, trisodium citrate,
cysteamine hydrochloride, D-(+)-Glucose Anhydrous,
ferricyanide, PEGDGE= Aldrich(Milwaukee, WI)A}<]
AFS A flo] 2= AREEIith. S= ARSE
Ethyl ether= GAF SFEALe] AlOFS A flo] o=
ARSI floll ARSE BE AR BEXAISF Fol
o A71sket AFolM daidE= 43 mM NaH,PO,,
15.1 mM Na,HPO,, 140 mM NaCl& Xg3l=
Phosphate buffered saline(PBS, pH 7.2y AM8-31313L,
2421 GDH(706 units/mg)y= Toyobo2] A& Z~|
lo] = AREsislnh BE 99 Az Ads
$3te 3z FF4 Millipore, Bedford, MA; #] &
18 M-Qem)E AHE-3FI T

7188t AFolA =3 At FFH(Cyclic
Voltammetry; CV)= S48 stedl AMH-E 717=
CH Instruments (Austin, TX, USA)2] model 660B
Elctrochemical workstationg AFE-3}9 o™ s &
Aol E3H st=d AMES 7=
Shimadzu (Japan)2] UV-1601PC model2 AR&-3}SI Tt}
Tk A5 g¥e] 548 SEklsket AR 7=

TTow Tiuw

SEM(Scanning Electron Microscopy, TESCAN/USA)
< ARgsisitt
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Fig. 1. (a) Synthesis of a redox mediator Fe(CN)s-
aminopyridine. (b) Schematic fabrication procedures of
the enzyme-linked electrode.

2.2 Fe(CN)s-aminopyridine2| £

30mL 52 vlet Zgk2=0] Ammonium disodium
pentacyanoammin- ferrate dihydrate(0.5 g, 1.65 mmol)
9} 4-Aminopyridine(0.155 g, 1.65 mmol)S & {0l
Q1 & oA 30 < wESEIATE o] &S
Ethyl etheroll ] A|3A3te] 53150t} (Fig. 1(a) &
4 =49 FAe =A% AFWF UV-Visible
spectroscopy A& 21319

23 3 L= Xlel &Y

Gold chloride trihydrateE 57T 0.01 %= 3l
Ths o] §oo] #AT 7t HEs 2 AojFHA
100°C & #olgt. o] $d& & AFHA 1 %92
trisodium citrate8-4-2- AA13] H7lsledET). ol gold
chloride trihydrate8-4] 4} ¥3ls AZslo] FH24S
UeRd o 714 trisodium citrateE 718t 40 nm=7]
£ 7HE e FRol A F v dAE
S F53 F Wi A FRol=gue 94
27 sl A5 Ae AAse S R 2R AR
£ 100 mM2] cysteamine hydrochlorideE %75l 1
AIZF FRF 253 WgVIR WEIdith 1 § SR
2 AAE sl AT dS mehle] 3 vhe fAkEd
o] cysteamine hydrochloride?} 2|8 60nm =7]2]
T W= = 5 stk

24 82 39| MEFH

Fe(CN)s-aminopyridine(10 mg/mL)?} & & 4 &
210 mgmL)E 412 ¥ o] &9l 7twA= PEGD-
GE (5mg/mLYys €3l cysteamine hydrochlorideE *|
g3 & e gAE Hrtete] EFES U
o kS Ry HIZ 4:4:12 oJTEP0 o] gl s
ITO A= 9]0l 22t 20 uL A castingdtal 2447 71
zot 2= A4S Qg ASE ARSI (Fig.
1(b)) 2kshEkel mi7RAI] ¥l A& 913 Fe(CN)s-
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aminopyridine 4l Fe(CN)sE &L &
Fe(CN)¢/F 243t M5%= AlZsidct. & e
Pl 5= 1) Qs = v RbF 23R &
& A= AFeiltt. Az Imod=s w1 F v
A7te] A} =719} W FE-SEMS 23l 31615t}

==
=3 =

3.1 Fe(CN)s-aminopyridine2| &4
Ammonium disodium pentacyanoamminferrate
dihydrate®} 4-aminopyridine2 775 §v= Fd
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Fig. 2. (a) Cyclic voltammograms of S00 mM of Fe(CN)s-
aminopyridine dissolved in 0.1 M PBS buffer (pH 7.2)
with 0.14 M NaCl on the ITO electrodes at different scan
rates (0.01, 0.025, 0.05, 0.10, 0.20 Vs ). Inset: The
variation of the peak currents density vs. the square root
of the scan rate. R;=0.998 (I,,,, square), R,=0.995 (I,,.,
dot). (b) UV-Vis spectrophotograms of Fe(CN)sNH; and
Fe(CN)s-aminopyridine.

N FEo] ZZo|| Ay o|E FAo] & H&= uee
8312 Fe(CN)s-aminopyridine® 2 3 O}C’iu} e
E4L Ethyl ethers o]&3l1A A3

2 45 F ATk

AA =g Ak AREe AF#HE Fe(CN)s-
aminopyridine®] Ag/AgCl 7154 (0.0 Voltyll thatd]
0141 VollAl A9 @(E el oA =3, FAF &=
(scan-rate)ol] W= =3 At AFHY] 2ejzE BHH
A& Zdell(Steady-state)®] A¥s}ERdo] Hdojts &1 &
T AUhFig. 2(a)). =3+ FAF ol AlF (square
root)S F Fholl Ml#lsted A48} A% (anodic peaks;
(I)o)eF B9 A1 (cathodic peaks; (I,).)7F 0.01~0.2 V/s
o] WelolA A&EA (linearly)o] LheE RS 8l & 5
AATHFig. 2(a) insert). ©] A= AF oA M=}
Agikgo] g4t wkg(diffusion reaction)oll <Jsl] =4
H3 98-S duiFn, 2ksls usfA|EA 2] A%l
9ekS YeRZETE UV-Vis A3l s 271829
Ammonium disodium pentacyanoamminferrate
dihydrate®] E2%7} 400 nmA LA Jee A 1)
w3te] 3/dE Fe(CN)s-aminopyridine= 150 nm™g =
o]%3 550 nmollA] T3 =7F UER= AL B35 4o

Hle A 5 AN Fig 2(b)).

=it © fo

32 4 A3 ¥AF EH

ITO A= $l°| Fe(CN)s-aminopyridine®} & & <
2 FEA F e R PEGDGE% o]g3to] IHA

71 & BHe EA4S #
31 tHFig. 3).

Figure 32 SEMoln|Zof| oJgt A=HHe] FEE B
W U YR G EA R
@), )t F = dx7F 5§ sl sielsle ©, =
Bl ™ BEeH 50 nm~80 ng 29| F71E 7}
A= & di= Y¥A7F PEGDGE®] &A #E
(backbone)e W} YAFAE o|FL Y= AL el
g g U oA T = ARl AEE cystea-
mine chloride®] 12} o}, HYo|E 3}5HEe] Id-
ofgl, §Ae] ol o] BEAES wAsked ARE
PEGDGE®] ¢H|sto]= 2H2-7](aldehyde functions)”}
Schiff bases F4d<S F3 doubly cross-link & 43}
o A= 9o aAE Aetal B 4 U2

3.3 E2AFE 043 XxxFe) 2F

A2k g4 @% Aol =g} o o A4 g4 vt

%‘8}04 o= A Akshak wiziA s Al A

= 1:1-51— ;q} tﬂ—/\g 0}___ iu“/\]-pj_x—]a =2 7 T,/'_:.:_ ;ﬂ
c;; AFHS olgale] X & (0.0, 0.1, 0.5, 1.0,
5.0, 10.0 mMyEZ =431t} OI o 7l A9le] |
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SEM HV: 2000kV  WD: 4.965 mm
SEM MAG: 50.00kx  Det InBeam
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Pertormance in nanospace [

SEMHV: 2000KV  WD: 4.967 mm
SEMMAG: 9998 kx  Det InBeam
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SEM MAG: 10000 kx  Det: InBeam
RU— ]

Fig. 3. FE-SEM images on bare ITO electrode of x 50 K (a), X 100 K (b), and gold deposited ITO electrode x 50 K (c),

x 100 K (d).
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Fig. 4. Linear sweep voltammograms of the enzyme-
linked electrodes in 0.1 M PBS buffer (pH 7.2) made by
Fe(CN)s-aminopyridine with (solid line) and without (dash
line) glucose containing 10 mM at scan rate of 0.01 V/s.

& 02~1.0V °]2, scan rateS 0.01 V/s ©|At}. 0
AF7F vehs 919 912 & A/ @l IAsH
FAE= g AL 04V (versus Ag/AgCHE IA S}
I AARAZALE BAEl] T % HE sk &=
AR AABAE S0l ETt B =R Aks}s
& visfAIZ ARE-E Fe(CN)s-aminopyridine 22 X
= FE= (10mM)e] wE Znj XJE“‘_‘T—_(current
density)’F 2F 4000 pA/emt o= AL & & AR
(Fig. 4), o= & W= JAPF 23R e % %‘ | ]

—C— Fe(CN),(py-NH,)
4000 | —®— Fe(CN),(py-NH,)+AuNP
. —— Fe(CN), °
e —A— Fe(CN), + AuNP /
o
o
< .
< -3000 -
2 A
£ /
L
b5 & A
o # "
€ 20001 4, A
[ / /0
£ & pee——"R
3 °
000 L2 . . .
0 3 6 9

Glucose concentration (mM)

Fig. 5. Catalytic anodic currents as a function of the
concentration of glucose between 0 and 10 mM. (enzyme-
linked electrode conditions: Fe(CN)s-aminopyridine with
(black circle) and without (white circle) gold nano-
particles. Fe(CN)q with (black triangle) and without
(white triangle) gold nano-particles).

3 oF 20 ool T2 HMRUEIL ENES & F A
AthFig. 5). wFAe] A3k miFEAR d2] AR
= Fe(CN)g= ITOR= 9ol & W= GAE 41A &2
Azket A=e] 749 Ze] fel wet 7-8-8te] *Jdi
AR7E e A thas RIZEETE HolA] E

HE A5 Tl AL #ES 5 99, 3 e
S EFst] 2N AT Aol ke A
FET7F S/ RAAY el T ¥ HAFd

_I

K

¢



A73ekE|A], A 174, A 135, 2014 35

Zo] A@ge] §lo] 238 & v YA Al 9
A =Z 84 Zske 2102 HATHFig. 5).

o] A3 Fe(CN)2| 739 PEGDGE E&™ &3}
F3-ek 12} ofRlo] EAISHA] ot M= flol =EH e
Exrsle] YAHERE IEGFS U AA 24T A
o] ol vl 53 Ayt tha HolA | &
13} A7) ARG jEgo] golskA] X§ A=
W) BEgh Gl 24 FEdke] AE HojA| A,
PAH F27F 22 Fe(CN)e/F 8ol F28HA] &
alo] A71AQ1 Fuf whgo] ZF dojur] Xt Rk
Holl Fe(CN)s-aminopyridinee 4% dgldz|e] 1x}
o}glo] PEGDGE®] tstol= 7]} whg-ale] &9
= e AREF A Aol dets] g Eo] Bx)
A7) AAAERRgo] AR Also] Al7)7F £
oA WITNE B3k FUkEE AYE /ST B 2
=] A 24 913 A% 9 (detection limity=
0.05mM ©J313L, o]= thE H=o2 53] Ayste] uk
2o A& (reproducibility }& 9 4 UATHN =53).

o

N,

b

4 B

rie
R

T= AN AREE sk wiziA)
st7] flste] Helo|Eol dajolwlS zh= de
$IXA Fe(CN)s-aminopyridines $/3315th. ©]
NS CVat UV-VisE B3l RIS 7]
I Aol ARGEIE & AFsE 84e] WS
371 S8l B & A G4F o8l 1TO A 4
| 34 A5S ARt 3 25 $35S 9l
T v Gl 12} olRlS AFAA A ol A8l
g vi7iA|, 245 3 7kAlQl PEGDGEE ©l-8-3t
of st Azt AlfE A= 2] s
At Zof AF7F F e AR flS w29 o]
A SEEE G F U, 71 B9 AIM Y Abslg
A mi7HAIQ] Fe(CN)loh A3t wIzkd =3 <F
Aol s & T AT ole AT €9 Al
Ae] Ffdel 382 F Ag Zlolet ot
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