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EtR19] =Z(J. Non-Cryst. Solids, 285 (2001) 90)

2.1. Preparation of TiO, Films

TiO, films were prepared from Ti(OC,H,),, (99.9%, Soekawa
Rikagaku, Tokyo) by hydrolysis in alcoholic solution and spin-
coating. Ethanol (99.5%, Junsei Chemical, Japan) was used as
solvent. The concentration of Ti(OC,H,), was 0.15 mol I". The
amount of ion-free H,O used for hydrolysis was about five
times the theoretical amount. 0.17 mol HCl was added to 1 mol
Ti(OC,H,), as a catalyst. The solution was vigorously stirred for 1
h at room temperature. The precursor solutions were transparent
and were very stable in air. Silica glass plates (Matsunami Glass)
were used as the substrates. TiO, coatings were prepared by
spin—coating at 2500 rpm for 30s. Spinning was repeated (one

after one, without heating between coating) up to five times.

2. 43 9w

2.1, ECL A2 M=
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Sharma &2 ZZHEA AM3t§AM(galactose oxidase: GalOx)2
poly-3-hexy! thiophene®} stearic acidt &4 indium tin—oxide
(ITO) 7| =20l Langmuir-Bloggett (LB) 42} M xS 22510 1A 5t
I ZHEA HIO|QHME THESIH 27 40| EXfoh= ZHEAS)
SEE Z%ok= WHYS YHOIACH [22]. 0[2{8 HIO|4M CIXIRIZ
HIO|QMIMS HE 7|7tS 90YMMAl AHAIZ £ UUCH, H=Z0

HIO|2MIAMC| ZS AlZKresponse time)0| 5.6-22.2 mM &= HAUA
60=2 Of PofALCt.

-5 -
0]0f| 2 S0 M= LS AT HE HAS FHA7 17| /o GalOx EAE
polyethylene glycol (PEG)Zt polyaniong 08310 R2& EtA
(glassy carbon: GC) F=2Q0 17Xt ZZEA HIO|QMIAM EMS
EAGH AR QI7HS| A2 EA0 SBOtLIAL SHTE 2 10| ALS St
polyethylene glycol (PEG)/polyanion BAIEE= OF2iet ZTH (Fig. 1).
AMPE FED
ol . o
HK CM, 3
CH, n
S0, Ma"* o
D-;Za

Fig. 1. Schematic representation of GalOx
immobilization on GC electrode surface.
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Sharma S2 Z=EA A3t§ Mgalactose oxidase: GalOx)Z poly-3
-hexylthiophene&tstearicacid2t&Alindiumtin—oxide(ITO) 7 Lt O}
Langmuir-Bloggett (LB) Bf2t MEHS 2510 1Fst MaH 2=t
EA HIO|HIME JiEol R £0| EXfoh= ZHEAL =5 273
otz WHS LHSINUCE [22]. 0[2{3H HIO| MM CIXI2I2 HIO| MM Q]

712 Q0YTNA| AFAIZ &= JUACH, EZ0] HIO|HIM2| S
AZKresponse time)0| 5.6-22.2 mM s& HUHA 602 iR

oI

Be

-5 -

0[0i = S0M= Sungdt 19| S= HALAS0[ & HIO| A0
GalOx & A E polyethyleneglycol (PEG)ZtpolyanionS 0|25t ZM S
B TE AL MR I S YU HO = GalOxXeA SR EIE
EfA(glassycarbon: GC) =20l 1 HSHAZEAHIO| QMM EHZSH
T E88 2M061 AN QI7te] "N 2A0 S8otaIAL SHt [25].
2 AZ0ME= A3 polyethylene glycol (PEG)/polyanion BAIE=
orHiet 2Lt (Fig. 1).

AMPS  PEG

Q
’f\fl”%i’

(= fi

S0, Ma" D-é::

Fig. 1. Schematic representation of GalOx immobilization on
GC electrode surface (Reprinted from [25] with permission from Elsevier)

mmm A7 [25] W.J. Sung, Y.H. Bae, Sensors Actuators B Chem. 114
=3

= (2006) 164-169.
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2.1, gULE=EMAE M=

S2ERIR[SGICZ Y3 Au22 SULE2AH(AUNCs) [Au22(SG)18],
SRERXIROZ OFYSHE Au25 NCs [Au25(SG)18], 12|11 (3-mercaptopropyl)
sulfonate (MPS)Z 2F&SHEl Au25 NCs [Au25(MPS)18]= 0170
EME o ALXISO| S0l 7|EHot] MIZSIACH [32-34]. A2H
L= I(bovine serum albumin, BSA)2LZ 2FY3HE AuNCs [Au@

BSAI= 00| 7Hrst Mz 2O = oI UTH35].

2. A5 9l dpt

2.1, gULE=E AR M=

S2ERIR(SGICZ Qs Au22 2LEZHAH(AUNCs) [Au22(SG)18],
SRERIRO2 OPH3IE Au25NCs[Au25(SG)18], 12/11 (3-mercaptopropyl)
sulfonate (MPS)Z QFH3HEl Au25 NCs [Au25(MPS)18]= 0T
SME 0 ARIS2 S ot MESIACH [32-34]. AEH

2= 01(bovine serum albumin, BSA)2 2 ?HH&H=El AUNCs [AU@BSA]=
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Higo= 74510 ZE=UZ. [J. Kim, K. Pyo, D. Lee, W.

=Y Lee,Near-infraredelectrogenerated chemiluminescence

Mo o

of Au22(glutathione)18 nanoclusters in aqueous solution
and its analytical application, J. Electroanal. Chem. 880
(2021) 114851.]
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EXE HIoHX] 22 3L
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P4 4
.Z|| EHIE ASHIIE 2iol ALXIIt SLIGHOF 2 At
© S AR SITAITHEIOI0| £ B =20 31 0jRS RO viotel0] BEHUSE 2761
221 AFBOH CHSH RS SHETIS MR 61| %2 292 B 9 5 oLy
© GITRI= EOI0] ATOIZ & KASS I HGI0] BRT 4+ LT, HOIFH 5 LHRMT|o}
20} 52 S5 BRE 4= Q/OL}, BRS 20| USHKOI X|A0] Of EfRI0] S3eI 0f0|CiojLt
DRSH BH| YT ZP, 01F2 AR} LAUS HIHCIT IS HIEA HH| XS
H7[5{0F .
© UUHOB Q0| ULS LY OISt ZRE IR WAIHR QISHE( NS ol EXE
EL7|HOF 51D, #1013t 5 0/ ChA| THIHMY|Lp 2012 5t B 27 0189 AXE 18RS
Q0| SXET|S 30 &

2= |
This review has highlighted some of the novel approaches that
 have been employed for fabricating amperometric galactose

biosensors. The analytical performance characteristics of these

galactose biosensors are summarized in Table 1.

The use of GalOx offers an additional advantage over galactose
dehydrogenase (GADH), as the latter requires cofactors to be co—
immobilized onto the underlying transducer. In addition to this, the
response times are generally shorter for GalOx based biosensors.

Consequently, only one paper reported the use of GADH in its
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design. However, there are several drawbacks associated with
the use of GalOx-based biosensors. Significantly higher applied
potentials must be used in order to generate an electrochemical

response from the enzyme generated H,0,.

4=

= ST0ME B L7 2RA| Q) Z1eH 0l 7|8 e MEH L=t
EA HI0|QHIME 7HH26|'0:| QI7to| ot M0 2ZoULt. ZEHEA
HFO|RMIA HIZHOA] Atst& A(galactose oxidase, GalOx)E At2ok=
N2 ZEA E***RL(galactose dehydrogenase, GADH)S At
Sh= Z401| H|SH &E0| AU=H, Oli= GADH 7[8t HIO| MM A=

HHSHT | AFR0|| ZE A (cofactor)7t =712 HQGH | I20|CH ESFGalOx
HIO| @M Q] ZH2 AIZH0| GADH 7|8t HIO| QML Qf H| w5l Lttt
Cf =Lt GalOx 7[2het HIO|QMM= 08 FEo T S0l
PRI .2 QT So] 24 HtES Sofl g H,0,2FE TV |ate!
SE ddolr| flot =2 HMUS 7HoHOF2t Sfct.

2 AL0M=E Galeiﬁ% Efﬁ'—ti?%iﬂo._l JefEHd sol-gel
titania—Nafion S&f20i| ZfA|7] iz LI JAE 080t GC H=0]
ot Of2fah HE %E.L%%* U= 7t5dE MABIALE. 12T}
e LI A 20 Ofo e DhitaieAol AatEtS 0| thal EE
ZE TPV} 04 2 £0H0| OFL|2} titania—Nafion S&20| L LtZA
AAE 714 229/ 0|30| 0H et 2 SHL0A HAet 2= EA HrOIER
MAME 2 O|LHO| W2 ZHES A2 40.6 mMAM 'em ™29 IR 52 ZE,
1211 3.78 x 10 M (S/N=3)2| iR X2 AESHE LIEHHULE.
5 MHIEISNQI titania—Nafion SO 2 QI5H =2 ATL0IA HAIS
2

ZI2HEA HI0|QUAS 7] OFA0] TR 45t SHZ BOIZUCE




I
SHIE
o1 & Hiet

®

2=
2 OIOIME B4 LEeRZAQl 20| Tl 12E MRy
ZUBEA HIO0| QUM Y510 212+0] o A0 BRIt L3154
EELIN

(galactose oxidase, GalOx)0f| 7|2F5t Z=HEA HIO| MM =
Ef4A S M(galactose dehydrogenase, GADH)%M b= 2401 HIGH
2 Q0K 927| WZO| HZO|

&
ol

N

0z

4T

2

|_

Z@AM(cofactor)?} F71=2
tHol 8Lt HWEX|PE 94

i
IJ7I§}§**._|§% ddstr| ?lot =2
1]

2 AF0ME GalOxgAsE HALEZRMQ! JJ2fHIE sol-gel
titania-Nafion 290 LSA|7 B2 LIRS T8 GC H=30
IHolH 0l2f8t HEE =S58 &+ U= 71582 MAGIULE. T2t
= LI A SA0 Ofol] g E DRkl M0 thalf XM=
Z0HS 7L 01 2 #210] OFL 2} titania-Nafion S20| L&Y
TAE 7t 29| 0|=30| I et & A0 HMAISH ZHEA HIO|2
M= 2 O|LHC] HHE ZE4 =2t 40.6 mAM 'em22] IR &2 AL,
2|1 378 x 10° M (§/N=3)2| i Z2 AZSHAE LIEILAUCE
ESHAATIRIAPI titania-Nafion SRIUCE QloH &2 S0 HAISH
AEEA HIO|24IM2| F7| 40| IR Rt Ed= AL

-5 -

mmmmm 251 [1] P. Kanyong, F. D. Krampa, Y. Aniweh, G. A. Awandare,

= Microchim Acta 184 (2017) 3663-3671.
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