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Abstract — In this study, we synthesized a new biocatalyst consisting of glucose oxidase (GOx), polyethyleneimine
(PEI) and carbon nanotube (CNT) with addition of terephthalaldehyde (TPA) (TPA/GOx/PEI/CNT) for fabrication of
glucose sensor that shows improved sensing ability and stability compared with that using other biocatalysts. Main bonding of
the new TPA/GOx/PEI/CNT catalyst is formed by Aldol condensation reaction of functional end groups between GOx/
PEI and TPA. Such formed bonding structure promotes oxidation reaction of glucose. Catalytic activity of TPA/GOx/PEI/CNT
is evaluated quantitatively by electrochemical measurements. As a result of that, large sensitivity value of 41 pAcm™?mM! is
gained. Regarding biosensor stability of TPA/GOx/PEI/CNT catalyst, covalent bonding formed between GOx/PEI and
TPA prevents GOx molecules from becoming leaching-out and contributes improvement in biosensor stability. With
estimation of the biosensor stability, it is found that the TPA/GOx/PEI/CNT catalyst keeps 94.6% of its initial activity
even after three weeks.
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31:+AF21 Polyethyleneimine(PEI)(50 wt% solution in water, MW
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7188k 748 18] 4191715 (CHI 7200, CH Instrument,
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CNT A4 9ol 24 91(-3) GOxE BAA1717] &l CNT
Fdol =4S ()= W PEIE =3 0% SRR 11 %
EH S34EHE Wi GOxE F 47149 188 o] g5}
PEI/CNT Z-91°ll &2A1# GOx/PEICNT S5 £Hdsteltt. 4717
2] 1] o8] Alx¥ FHvll= GOxs} PELAto]2] Agheo] ofslod,
o] Bk PgAJo] UhE 4= QLo B R o]o] GA B TPAE 7Is)
o], GOx2] &4zt 4 AT GOx-PERE] 31ehAdHs fesisict
[9]. 214 F&REe 2 A% Z1)(GOx/PEVCNT)= Hyun 51l 2]5}
o] XPS, TEM, Electrophoretic light scattering spectrophotometer
(Zeta—potential) o7 ATHFoH, g H o7 A EA|7}5 3k
GOx®] &2 CNT 2 mgd 2 mg® & &&A SItH10].

7huA £ &35 Elsh] flste] s L] GOx(CNT 2 mg
I 2 meyh Beld E2ho 2 Ux)¥l Zu)(GOx/PE/CNT)E GA T
TPAC] FAIAA 318H] AR FieslSith. GAE didel ddlsto]
7] (Aldehyde group)”t 21.2.7, GOx2] lysine residue 2! PEI 541 2]
o}417](Amine group)®t =5 34-8-(aldol condensation)el] 2|5t
C=N bondE FAst= Aoz defA Slvk A4 E GOx-C=N-
CHg-N=C-PEI 7-5= E2]7] F&tol| vlate] GOxE @I Aol 28t
Al AZAZIA HEE 4714 PEAE 71E = qlom, 2=t
1< (Direct Electron Transfer, DET)0] 7}53F A2l 2 nmE <7
A FAIAA FH, Ful7]s0] P AE 71aE 7 1o GAYl
OJgh 173z kA =3k ukel o], S F- A7 GAoll J2 e < Sl
= odols ol A gk QIvH11,12].

TPAE 4= 84H-S-of whe} Fig. 19 Uebt vhe}l 2o] GOx-
C=N-CgHg-N=C-PEI :rL = Y=, C=N7} #1d 1353¢] m-conjugation
EHA, GOx 25 gEgofl whet A A7 SA A (PEY
CNT)Z X]“ni}” 0] & e AR AR 2 S
& A0 ZHfslSitt. o5k GOx & PEI9] ofvl7] ¢} TPAS] el
SOl = 7 HEG Slal RS-0 AT TR FARE Rk
S v 2 #H'd 157 n-conjugation©] 7hsE A 0= 73t
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Fig. 1. Formation mechanism of electron transfer pathway between
Amine group (lysine residue of GOx and PEI) and TPA by
aldol condensation.
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Fig. 2. Cyclic Voltammograms of GCE, PEI/CNT/GCE, GOx/PEl/
CNT/GCE, GA/|GOx/PEI/CNT]/GCE and TPA/[GOx/PEY/
CNTJ/GCE. For CV tests, 0.01M PBS (pH 7.4) was used as an
electrolyte at N2 state and potential scan rate was 100 mV s\,
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St} o2 3t 3}EH3= Chung 59l 2)3)l Fourier transform infrared
spectroscopy @ A% 2.1, GOx2] lysine residue % PEI2] o}
719} TPAS} ¥Hg-810] C=N AE-S FA S 3 18 5= lTh9].
o]} ATl Yi Xiao 5= = EE 7 GOx-7 Y=Y ZH(gold
nanoparticle(Au-NP) -3+ A}o] m conjugated spacerS 3 4d 51
GOxellA A% Axte] o) 55 X8 7|9 SullE A zst vf §lo
o, AT Ake] 4o TPAS Wkl =2 Ao Al = oh
H31¥] 31 QITH13-16].

32, MUl BN "t

7t Zufjo]] X GOx2 US54 M-S EE CVE o] 43510 57
skl om 71 AIR= Fig. 29} ZTHI). CV A ool vehd Atst 2l ghel
Y AAFUEE GOx W 2521 AF] Flavin Adenine Dinucleotide
(FAD)?] @5 2 HH-8(GOX(FAD) + 2H' + 2¢” <> GOx HFADH,))<
oujatd, M| FHFIT S7FEE Goxe BAA 7t A b o]
21515 LhERITE 1.0 M PBS (pH 7.4), O,-free 271, 100 mV s™!
potential scan rate®l| 4], GOx/PEI/CNTQ] At3} 3| /U ==
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047V F-ZollA 2k 022 mAem?ZE GOx7} ©A H A ¢F PEl/
CNT(-0.15 mAcm™2$} B) 28 A] 2k 0,07 mAecm>2] I A A FUE
Agke] S712 YeRATh Wb GA/[GOx/PEI/CNT]Y] ¥ A5
T 048 V EZollA -0.25 mAem?E 2F 0.1 mAem? Z7}3F31 0
v, TPA/[GOx/PEI/CNT]= -0.50V -0l 4] -0.30 mAcm?Z 0.15
mAcm? 57181, 7 9 2AFUE] AR A, 7haA] E=9)e]
w2} GOx/PEI/CNT thH] 212} 42.9%(GA/[GOx/PEI/CNTY), 114.3%
(TPA/[GOx/PEI/CNT])®] 7N\ &S 2R1gk 4= 9lSItt.

=, & Aol U] GOx7| PEVCNTel A= 3lSell s, 7}
A2 TRl W AFEEL] ol 7hsEs Eisilon, &
3] TPA/[GOX/PEI/CNT]:= PEI/CNT thH] A8} 93 AFd % 7}
Arjzto] GOxX/PEICNTe vl = vl A= S715HE: &R1e = 9
ATk o= B8l 7 F2l 93 Gox2 ©X9] A4 GOxolA 4B
B Axke] Mapdgo] A IS REEEH, TPAE o & &340
WA ¢ vk s IRIAA Fo
AA SFFIA X7 T B eA ] 7 Sl 7] 31
< gIst] flste] Akt EAlshs 37120 2RI
=5 WH3A17]™ Amperometric response S 57315 0.1, A3t
Fig. 3 9 49} 2t} Al Foj) 5 3 mM 329 S5 FEolA
Haro] Aoy GOx/PEI/CNT= 0 mM thH] 46.6 nAcm-2(3 mM
71y ] S 2AFU =) ER1E S 0, GA/[GOX/PEI/CNT]S]
7 53.5 pAcm-2(3 mM 7]5), TPA/[GOx/PEI/CNT] 2] 7% 62.6
pAcm-2(3 mM 715)E ZHt 14.8%, 34.3%2] /A avE ER1E 4=
213l th. 53] TPA/[GOX/PEI/CNT]= GOx/PEI/CNTS} GA/[GOx/
PEV/CNT]7} ©F 10 mM Yol A 9] 2 7 29] Ado] |4 of
85 pAcm™2] Huj 727 Ko} Hbd | TPA/[GOx/PEV/
CNT]= 20 mM F-2714] 53] 245310 21 mM 715 129.3 pAcm™>
o] ] 9 2HFUEE YE, GOx/PEIVCNT 2 GA/[GOx/PEI/
CNT]tH] 52.1%8] 7B &3 118 <+ Uit 53], 7 58
g oA, QA W SFIA FE HI(6~10 mM)ell A A H
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Fig. 3. Amperometric responses of glucse at GOx/PEI/CNT, GA/
|GOX/PEI/CNT] and TPA/[GOX/PEI/CNT]. For the tests, 0.1 M
PBS (pH 7.4) was used as electrolyte.
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as electrolyte.
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Sk %, amperometric response S 2FQ18FATE Al Ful) B AASH
UAS] H7bel| tjsto] So]%] WslE KolA| ekghor, 752
(0.5 mM)ll thali At AFHEE Ho] S5 el vhgAS 8
A& 4= 9otk FFIA F9Y A GOx/PEICNTS} TPA/[GOx/PEl/
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Fig. 5. Amperometric responses of the biosensor upon additions of
glucose (0.5 mM), UA (0.5 mM), and AA (0.1 mM) in 0.1 M PBS
at the working potential of -0.48 V.
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Fig. 6. Half cell EIS measurements of GOx/PEI/CNT, GA/[GOx/
PEI/CNT] and TPA/|GOx/PEI/CNT].
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