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The present work proposes a simple electrochemical method applicable to any immobilization processes of oxidase using a
Clark type oxygen electrode as a base transducer. The present work suggests an optimal immobilization techniqgue among three
different methods of glucose oxidase(GOD) onto one side of 37 um thick blend membranes, composed of 80% of cellulose
triacetate and 20% of polycaprolactone, on the basis of the maximum Michaelis-Menten parameter(Vm) determined by either steady
state or transient analyses. The electrode system was made of disk type gold cathode(4dmm diameter) and Ag/AgC! anode. One
side of the blend membrane was in contact with the cathode surface while the other side was immobilized with GOD either in
covalent-bond or cross-linked forms, the latter being covered by 25um thick dialysis membrane of cellulose acetate. The resultant
current density was on-line monitored by a potentiostat while glucose level was varied from 1 to 20 mM. The present study shows
that direct cross-linking of GOD with glutaraldehyde was mostly preferred for fabrication of glucose sensor, on the basis of
resultant kinetic parameters from either steady state or transient analyses.
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Figure 1. Schematic diagram of experimental set-up.
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Figure 2. Schematic diagram of fabricated glucose sensor.

Sigma# %4 cellulose triacetate(CTA)S}H polycaprolactone(PCL)
& Aldrich# & o] &3t}

F4 AG AHE" CTA/PCL blend =& FA4H]7F 80/20
o]9den THF(tetrahydrofuran)d] 5%(w/w)5 =& &8)A17
¥ castingdte] 2441 Ht 2 AERE AT4E 60TAAM 72
Azt AzxEe] AL gEtgTh 249 A3 Meyerhoff(8) % 9
el wel IM NaOHE AF83be] whel g B8 5417 $ot 7}
F5 3|82 CDI(carbonyldiimidazole)& =
9] hydroxyl group& activation*zl § t}&3
"y RS AR AtHFigure 3).

(A) #4850 gl ool 33units/em’®] GODE 4ColA

1227 W AA AR FHATAI = B,

(B) &A43lso] ol Wl ethylenediamine(12.5%)0] o}l

f
CTA/PCL membrane |—-O/\CH3

hydrolysis | 1 M NaOH

I R
Di .
\%

(A)
1 Ethylene diamine

/,OL
Cross-linking by Vi Coupling after
glutaraldehyde 0 NH glutaraldehyde treatment

© ®)

N7\N N/\\w
I%’ \&]
Carbonyldiimidazole(CDI)

Figure 3. Flow diagram of enzyme immobilization scheme.



54

rir

.IM sodium carbonate buffer(pH 10.0)E “F-2olA
3A1ZE ol 18 A1 TS glutaraldehyde (2.5%)8 7hsid
5&zF ghEAI L wke 24 & AAS ¥ 33 units/
m’e] GODE 4TCHA 1247 5o AgA7]E wh
9} #o] amination Hol & %ol glutaraldehydeﬁr
3.3 units/cm22 GODE FAl9) 4TCoA 1247 &<t 7}
TAFIE ubE olw] AMEE EA33 units/em)
membrane B9 WA ALEH §29 4§ Sl

A% g Fel= 005Me Trs-HCl buffer(pH 72)&
membranes @& AHste v 2R3 & A(free enzyme)E AA S
t}2- 0.05M sodium phosphate buffer(pH 6.0, 4C)oll ®.3#at A&
313t}h Free GOD9 kinetic parameter™ GOD(0.038 unit/mL)E
peroxidase(1 unit/mL)$} o-dianisidine(0.17 tmol/mL)Z %7 pH
6.09] Na-phosphate buffero) 4] ¥H-3-A14 5% £9] 4= walE

Korean J. Biotechnol. Bioeng., Vol. 13, No. 1

7} al axt
g-’—l’ 4=

Data oM
LE(@5T)9 AaEste] dAsA FAHE g2z AT
AAF T AT BIFH9G - 08Vivs. Ag/AgChS 718t &

719} AbaRstel ddate 271 o AFEE(],) 7} EEQ. ]

W TS FYsHE A URe] Akt (6)49] g4 wgel
ojste] ARSHHEAM HFIF #astr] AjFsla, A3 A7t
TE Fo kHH W(HE e oluf HHI AFUZ
Aol a=]g-JiE Whgale TEF oKS,)o Moz ulg
oz A ()% 4§ F $Ut(steady state analysis).

Js= KZ"Lfgb (7)

ol Vs Kins® Ji & Sp2 Eadie-Hofstee ploto.2 3

- (dY/dt)

- (d¥/dt),,,

436nmol A FAste 3Gl
ﬁ% g,;
E I
Time
(a)

Time

©

Figure 4. Transient analysis of experimental data. (a) time distribution of experimental current density, (b) time distributiot

of typical current density and difference, (c) time distribution of typical current density and its maximal point.

Table 1. Comparison of kinetic parameters of GOD immobilization with results from various investigators.

Vi Kn
Investigator State Matrix Immobilization Method
(@ 9 9% @ ® (©
free - - - 015 - - 19.0 -
Juhn(12) - - -
immobilized  polyacrylamide - - 258 - - 344  entrappment
] free - - - - - = 19.3
D' Angiuro(10) — — T
immobilized  Sepharose - - ~ - - 200 covalent binding
free - - - 0017 - - 59 -
Arica(11) - , - - 0067 - - 88 covalent bindin
immobilized fr?étyéz hyld{")xye{hgl g
acrylale)membrane - - 0056 - - 124 entrappment
free - - - 272 - - 239 -
_ _ (A) covalent binding
Precent Stud 303 0.040 178 188 without glutaraldehyde
resent study . " - ~ ~ (B) covalent binding with
immobilized CTA/PCL membrane 283 0.038 109 73 glutaraldchyde
- (C) cross-linking with
48 0122 51 109 lutaraldehvde

(a) steady steate analysis, Vsl # A + cm ™), KnlmM], (b) transient analysis,

(c) initial rate method, VimlmM - cm 2], Kns[mM]

Vms[ﬂ A Cmg—/s_l]' Kms[mM]
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Figure 6. Time distribution of current density at various
concentration of glucose with different. immobilization methods:
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glutaraldehyde.



56

JA(gA - om D

(gA-cm?)

<

J

IaluA-em?

32
i Ky=17.9 mM
- 2
2y Ve= 3.03 pA-cm
-
16 =
08 =
00 L] I L] I | l L
0.00 0.04 0.8 012 016
JA/S (A em®-mM Y
(a)
28
] Kp=10.9 mM
- 2
)y Vie= 2.83 pA-cm
14 =
i
0.7 =
o
00 T | T 1 T T T
0.0 0.06 0.12 0.18 0.24
J&/S (A - cm omM Y
(b)
52

0.00 0% 050 0.7 1.00
JA/S (kA em® - mM Y
(c)
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(a) direct coupling after CDI activation, (b) coupling after
glutaraldehyde treatment, (c¢) cross-linking of GOD with
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