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BB IS TERL N & v Y — ISR LR R R &
EMAGDEIEETHY, OO TRELIIGE LR
WBIWEEB T b0 E LTRERREL DD H 5

(faris, 1977; Guilbault, 1977; Gray eral., 1977).
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GOD
#-D-glucose + O, +H,O — gluconic acid+H,0,

WEDT, R & N ioaRER LK BALER BRI
RErcEickh s va—Reryy—kREdTs2 L
MMAHE T H A4 (Guilbault and Lubrano, 1972,
1973).

H,0,—>0,+2e"+2H*

EBBROBERICE N TE, BROERE/E (Guil-
bault and Lubrano, 1973) 0 A7 54, THIEE
EUTHWS BRSSO BN ORI (Broun et
al., 1973) R EBEBOBEELERT L. Sva—2R
BRRICB O TRIEK GOD offfic&>TEREN
7 BEALKHEZE B TRANT 557  (Guilbault
1972, 1973; Lubrano and Guil-
bault, 1978; Thévenot et al., 1979) & 23 %
RIS THBENIBELRMY 54 (Updike and
Hicks, 1967; H1J¢ « %7K, 1976; Nanjo and Guil-
bault, 1974) BiFbhTE 7. —J, EEMLL TR

and Lubrano,
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H£Y T2 YTt F4 (Updike and Hicks, 1967;
Mell and Maloy, 1975) 2 0 iz o — X &

(Watson et al., 1979) 380D KEBEAH O HE
MiTbhTE s, EFE, £YdRoRMER VL
wHERY, BRECA,SEHEED TE I (Lub-
rano and Guilbault, 1978 ; Nanjo and Guil-
bault, 1974; Aizawa et al., 1974; Coulet et al.,
1974 ; %27 « &2, 1977).
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2. AERIUHHEE

1) EEEER: 1/15M KH,PO, & 1/I15M Na,
HPO, &EHCiEo pH il 7z

KEEEF P IL-OTVBAY D LEER: 0. 1M
NaOH & 0.1 M KH,C;H,O, iz CfsL .

SN A—-BE: ARKMER D (H)-7sva — &

Umki ZFE® pH OY v BIGRERIC B#L
—BRKE LR icES L.

aS5—4: Sigma f#%la 5 — 4~ (Insoluble
Type 1, from Bovine Achilles Tendon, No C-
9879) =i L7z,

N A—2FF L 4—+4 (GOD) : Sigma 3§l
wva—zt+ ¥ & — ¥ (p-D-glucose: oxygen 1-
oxidoreductase; E. C. 1. 1. 3. 4; Type I, from
Aspergillus niger) #{§ifi]l L7-.

INENTLTFE N Y RERARI25 % 70 &
T AT e P (BTFRMSNSRRSE) 2RV

~NNAFL ZL—4 (POD): Sigma #HE ~ov o+ +
v & —+ (Donor: hydrogenperoxide oxidoreduc-
tase; E. C. I. 11. 1. 7, from horseradish, No P-
8000) Z{HM L 7e.

0-UT =V
EE A .

ZOMoRERTNTHERREEZ 0T IAOL.

aEARE: (A) o-v7=v¥Y v 10mg, POD 1
mg % 2ml ok& 2ml © 99K L&/ —nETH
L, 1/I5SM vy vEREZEER (Fieo pH) T 100
ml ER& LR (B) -y 7=y v 100mg, POD
10mg % 9% 4 » — v 2ml THEMRL, KicT
100 ml e R L 7.

Sigma (t#l o-Y 7=y Y v

3. 7% vv—n—RYEE (GCE)

WEEE S 5y v —H — # v GC-20 2 cm
1 cmg) ZxRF VEHET lom (AK) ©OF 7oV
HohHEAL, H—Fr it AN Td 5K SR
HIBE L CELGHICHE L. BRI 4 ) —
— e £ 1500 TAHE L7z, Bkt Y v 4 %8
Ll Lot BT o ERT o7, HHEKTHR, 7
M 7 ve=TKIEK BOTSBKEBIILF L Ty &
DI —VIKEERTENEN 3 SRR L,
+43kgE L. BEAAMFEE L T+L2V~-12V
O 0.2V/min 0EET 20 HHEREEERE
RIIEMU 7. BEFEE, BEEEED X UBERTL
FRABICH U TEORET2 . BRLENEEHO

WE B & CBERBBAEORIE & i 2 BRTTL,
paf o 4 A (SCE) %23kt L.

4. lFEEs X OEE LR Ol

GOD )i (Fig. 1, REX (1)) ks s va
— Z Dflic &> TR Y 2 BERLkFEAE POD Kk
(Fig. 1, Ut (2)) Stk s, Burlm(o-
IT =Y v) b oBEMERANDOEE LRI
Mk Uzo. BEREURAE 10 3HfTbH, 4N HRRicT
FEA - S g, 400nm O USLEEERE L.
RIGRES LY vBEEERESTLEVLED 2
nEh 2520.1)°C, pH 6.6 &L, BRKIIMHIC
GRS (A Wl (B) BEMNO.

B-D-Glucose + 03 + Hy0

-89 ; pGluconic Acid + Hp0p ---+-(1)

H202 + o-Dianisidine(reduced)
—BOD, ,_pianisidine (oxidized)

+ H0 semmeemen(2)
Glass tube(13.8 mmg)
l dye soln.
1
| GOD membrane

e {7 1- =] 0-rin
J}_ owrine
s ;Tj /', L—Glucose soln.

=== 7(in phosphate buff.)
0

Fig. 1. Apparatus for measuring the

characteristics of membranes.

5. EEEEREGRRE
AS—4 2V ARPAEEE : il - 0ok (1977)
Z—BEHELTIT2k. gU4bB, 253 -4~ lg
A 0.4M Fefp 100 ml (CiifR LANEA SKE L1ahs
S52AMFEYFAXL, IHHBELR S5
05MFEYF4 X1, —BR 5°C Ick@ Ly

FEHURMEERBOK L. CORKERLET—RF a—
FTiAN 4°C OKTERETY, 275 VIERD
pH 73 4 {$1L1c1s 2 £ TBIF L. @k, 9000rpm
T 20 S3HE e (0°C) L7c, 1Rl THE%: B
L, HERHEE (2 7 -5 » 0.7~0.8%) % #
7o BEEBRHOKI THEHERR (255 % 0.35
%) L, BsS LT L 7.

Bl ERESSER  MMBEo—ERa 7 -5 YK
e o GOD %#¥— i, ERmEO Y
—1 K5 ARBHL, 5S°C, 20 BHHLEIC TR
S, BEWRLL BREBETREEBRO SvainT gy
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BRI L 7o AR, U vEREEEREMAT
AR IZFL, 2~ 3 EEEER e L. e
#®, 1/ISM y KRR (pH 6.6) kil LR
L7, BERERRIREEE LT vy —42 — T
5°C WAgZAT o7z, IROIEMEE TAERELL FET L7sd»
Dfc 5%, US4 MG UBIREE, S Ol
Mo 10 m FREE (FEYRAR) s LD L.

6. HIERRIE

BEEIEKED GCE ToOXHE): BE kL 0 B
W-BEl RERor—-su /7 7EEICED TR
Wic. STEHEMREELORE pH © 1/ISM Y v
W R A, GCE Z{EHEMAE LAk %5t
MaE L2 ELA. —0.2V (vs. Pt) o EHR
BIEA AN L BFRESEL VB 30% 2T,
0V (vs. Pt) 75 0.2V /min oL TRMEITNIC
BRI L.

GOD REz{tEOEZ:EMES LUHHE: Fig. | TR
T &SI T 24 (13.8mme) iR LEER
O ) v TEEL, WHIEBRBERANBICHER
D7 —REEEAN, NAE SIBIETFER
[ T-CHEEE L7 0d S —E M US S iz RIGE,
TN BEEEE AN BT RINMEIE & & BoLE
(400nm) Zfsis Utz 123, B bBEmon s
ey, pH o/ va — 2Rk c—wmsg (ER7
mm O OEAEAN, FERABRERT#BE L
P8O —EIEMEIG & & LR LB BIETRREE
s L.

BETHOBM M tiikt GCE & H#HL
Oy v/ Tl L. COMAEME—TRD ) ~
MR BRI D A D 7o P RIE L ASA R E L
T+0.9V (vs. Pt) OBEENMUI. EREP—E
AR Lot (2438, 2 va —REK 2 RN
i ST & 0 THERR U 7 W A Lk 45 o B4 b oS 3% U
HLTT 7 vy EOBRESNEERRE L.

B LUEK

1 BELKROBER L

GCE i1 2@ k£ oMmRgL% Fig. 2 i
sR9. Fige 2 ol o beis & 5 il bk i3 BIT
BEBHE—BTNES 2. KIEE OBBRILKKR DS
&, MATEREEICHIRTH 205 2mM IR
ETERE 77 - HURE S A

H—EEMs o pH {kEE% Fig. 3 ORY.
pH 5.6 fTEOYE, 777 b —HUSARYIR TR S

Scan direction

Current (ua)

2.

1.0 0.5 0
E vs. Pt (V)

Fig. 2. Current-potential curves for concen-
tration dependence of H,0, at glassy carbon
electrode. H,0, concn.: A=2.65mM; B=
.8mM; C=1.33mM ; D=0.53mM; E=
Residual current, Scan rate: 0.2 V/min,
1/15M Phosphate buffer (pH 5.6).

Scan direction
B —— e

Current (pA)

1.0 0.5 0
E vs. Pt (V)

Fig. 3. Current-potential curves for pH

dependence of H,0, at glassy carbon
electrode. H,0, concn.=1.28mM, 1/I5M
Phosphate  buffer: A=pH 8.05; B=pH

7.00; C=pH 6.60; D=pH 5. 60, Scan rate:
0.2 V/min.

Mg AR Lehs, pH 6.6 BXTU 7.0 Tix+0.8
V~+1.0V (vs. Pt) ichotz>THIKEL S5 b — IR
HZ{. Ff, pH8. 0 DI LclMics 5 b — IR
AR B A S A . RO TRELKEDGIER
fhics it pH 6.6~7.0 AS4FE L.
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Fig. 4. Effect of temperature on oxidation
current of H,0,. H,0, concn.: 0.7mM, Po-
tential: O=+0.9V; [J=+1L0V, 1/I5M

Phosphate buffer (pH 6.6).

GCE it} 288 bkFOREKM%E Fig. 4 1
RY. 0~50°C DB TR EF I EOBIREIE K
L, 15~50°C o#iE<T logig vs. 1/T mw FIIH
MERL.

Braedel and Jenkins (1974) 2 GCE jc& 3
NADH o@/tEiSic B0 TEBIERSIBICX 2BA4R
75 v EBDPIEDELLY, BREENE L OER
HDEANSSTDHEREL TS AERICBINT
+0.8~+1L0V (vs. PO) {FLIBNWTT 5 v 71
BHRDENMEZERL TOLH, BEREBRIEICBNT
BEELETREETHE SN LB, 7
5 V7 EDORKNDREEICEET 2EE NS ESE
FRCY (7

2 GOD Emtd75—4 v BEOHBBES LUNE

Fig. 5§ wcBEBEOTIBEREE, BRER K
BEHEBEU I va VT vF e FEBEREEZRT. K
h A JFova - EEREL B CEBSR SN
BEBILKROREBESERLILBDOTHL. AdD
ORI S KBRS va — 2 PRt L T5Ee
AR L. B ik GOD EE @ EBEICK
BB ERLI.bDTHS. GOD oy
WIEEEOR A S B h B »5, GOD 5 20 units/
om? BEFICH B & IRIE—EMERLE. C B4
WTNFE FEEOESEBEICRIETYREZRLIZD
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Fig. 5. Permeation characteristics of GOD

immobilized membranes. A: Effect of glu-
cose concn. (GOD=70 units/cm?; Glutar-
aldehyde=:0.2 mg/cm?), B: Effect of GOD
concn. (Glucose=1mM ; Glutaralde hyde=
0.2mg/cm?), C: Effect of glutaraldehyde
concn.  (Glucose = I mM; GOD = 15 units/
cm?), [/I5M Phosphate buffer (pH 6. 6).

DTH5H. 0.05 mg/cmz AL OPLEET PR L 7o fihs
I SEHOEBEES L. BREDO IV VT VT E
FTRBESTARIGE m‘ ooEEETEE4H]
&AM I JEAREE DM  BER M E L TRAEHTH S
~7‘1mymﬂuL@Mﬂﬁ iﬁﬁ&@kf%
MEAEHED R , B DGR S OB L E
H A bé@‘(fxfiﬁ‘{ﬂi T3 2 &S (White and
Guilbault, 1978). #it>TC, Z w7 AT FRELE
i3 0.05~0.5mg/em? Higiiy &35 2 5.

Table 1 (C#eRsd s & O LagADZE i pH,
FHEEL 5N K Kangom) IEEIRY. WEHERER

O IC 3T ML 30~35°C Th 2 ik L, [
AblEH T 35~40°C (T iz & o hEebic & 0 %8
MEEDE Pl Ue. 208 pH - AL O
Bty pH 5.6 (JITd 4 ®ic L, Rl Bkt
pH 6.6 2R | pH W7 v U icker L.
Guilbault and Lubrano (1973) 3z oMihA B
HoMEVEE oMM TRINLES ELTWE. —7,
Thévenot et al. (1979) BHEHHA:z s -4 U ic YT
Vb, A P v iEERNT GOD EMEEAL LT
WA, OBV EE/IEX S Eil pH &



Table 1. Comparisons of free enzyme
with immobilized enzyme.
Free Immobilized
Optimum temp. 30-35°C 35-40°C
Optimum pH 5.6 6.6

K Ka=15.6mM K, .pmn=16.7mM

LA SN TORY. KEROEY, 27 -7 Y8R
o7 3/ BEBRE GOD oGk T Mo,
OFEsE-Z Y pH YA Licbo & i ash
A BERIUGD Ky Mo 15.6mM TH
Lot U, BEALBEE DO W @ Ky Al Ky ppy)
1316. 7TmM AR Ui ic X 0 BT & oBfvE b
THhIE T L.

3 GOD EwE{tBEREBEOLE
THRRIINTEIE O S WA M S 72, 73 — X JEEF
I S WA INTEEE 5 # — 2 — & L TRE L
Fig. 6 %2187:. GCE €k % BRILKKEDOBIBERL
KBOTH0.9~+1.0V (vs. Pt) {[ific7 5 b—2
Bohkcle—8HL (Fig. 2), +0.9V BiO
FLOV TSRS & st o i, 0.9V
OB, WO TIRFLOV XEL TS,
WO S OETE L0V DIt A5
Z 7.
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Fig. 6. Effect of potential on glucose
electrode response. Temp. : 25°C, 1/I5M

Phosphate buffer (pH 6.6).

BRERONIE S %A Fig. 7 R, Kb
HSMAEES s va—2EE 0.2mM T 30 B,
0.5mM T | RTRLNEWRESE SN &
DT ERAKBMDIEKDIE DO THEL IHEIMTICEL

Vi B=- S ]

A
5t
=
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Ee
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o
Lk
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Time (min)
Fig. 7. Response curves for glucose elec-

trode. Glucose concn.: A=0.5mM; B=0.2
mM; C=0.1mM, Potential: +0.9V(vs. Pt),
Temp.: 25°C, 1/ISM Phosphate buffer (pH
6.6).

T EEZRTEDTH H.

GCE 0% 8 K URIE b E oG RRE LD
TR Ehs ey, BEBBOREREEIZZ
DT EEES L 0 LTHLOILT B &
ic?s 5. Fig. 8 REERBROBERENLE KL
DTH5. BEERICHENERERIEAL, 20~40°C
Ol log i vs. 1/T 7oy bASERERLE.
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Fig. 8. Effect of temperature on glucose
electrode response. Glucose concn. : 0.5
mM, Potential: +0.9V (vs. Pt), Temp.:
25°C, 1/15M Phosphate buffer (pH 6.6).
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Fig. 9. Calibration curve for glucose elec-
trode. Potential: + 0.9V (vs. Pt), Temp.:
25°C, 1/15M Phosphate buffer (pH 6.6).

oz tix GOD EEftEg#ios 20~40°C jzhizo
TERETHHLEERTHOTHZ. NERELED
LRIV ACBEEBDL CERTAMETH LN
B EMLERE, WEEOERICEIBEESSITE
BEavIo—-VvORBEOERT L &0 EhoEELY
LFFEFs B3 FELLAL, AIRBE L L TR
25°C B0 30°C 2R ESN 5.

AR BRIcL 2MEHRO—F % Fig. 9 1R
3 —2PEE 40 M~1 mM bz > TRIFNE
magoh, Moy Ptk A EROEEIZL T,
BRMER S v —REEKA L. 1ok, RIEER
B EFESE 6 r BithlcoTRETH DIz

4 [EEE

TIRM R BB O 7' v 2 — 2 & R0 L EY R
% Table 2 7. k& LTk il S0 ¥R
HoO2IEFTFRCBEOEO /S va — 2B M L0

Table 2. Recovery test for glucose

electrode.
No Added Found Recovery
(mM) (mM) (%)

1 0 0. 080 —

2 0.1 0.180 100. 0

3 0.2 0. 285 102.5

4 0.4 0. 490 102.5

5 0.6 0.710 105.0

6 0.8 0. 880 100. 0
Average 102.0

RO 2hThodEARK 0. 1ml 2 FDEE®E
WZ3E Lz S0ml oy vt EmKE (pH 6.6) i
WL, BNk BHEOZE(LER L. Table 2
WO ST kS I EUEH I RIF THELEL 102 4 5.
Z 1.

G2 %9

HEas -y ERNZT vax by 787
A —RBRAEBR L., g —24F v —E %
TERRETH LS E LT AT Fiek D EED S
— 5 UIEICRRE L fe. THISMICIR S S v v~ A —F
VEBMREO. 20units/em?z DS va — 2 FF U &
—EHELY 0.05mg/cm? DS LE LT TR Fad
LR b RIF S B 25 2 7o, BlidbBEEOEH
pH 3L UE#kgizsn2h pH 6.6 X1 35~
40°C THF. REEKGHIZAH0.9~+1.0V (vs.
Pt) 000 T B0 I & O O TR L
fo. EEEEBOILEE, BREEOIERIGER 15
PIFThor. 54 40 sM~1 mM oo 7 v
-2t UTEMAEY A 7. RINER I X B sk
B 102 % TH Dk, BAERERTEMEE Lich
e TRETH Dl ABREBRRIARNHO/ va
~ARICHI LB 5.

X iy

Aizawa, M., 1. Karube and S. Suzuki 1974 A
specific bio-electrochemical sensor for hydro-
gen peroxide. Anal. Chim. Acta, 69: 431-437

FIRARE « SR — 1976 GRINWIRIGVERL: BERIN
DOBLALFEN TR & AR 2 v — D
FH. Wik, 44: 279-284

Blaedel, W. J. and R. A. Jenkins 1974 Steady-
state voltammetry at glassy carbon electro-
des. Anal. Chem., 46: 1952-1955

Blaedel, W. J. and R. A. Jenkins 1976 Study
of a reagentless lactate electrode. Anal.
Chem., 48: 1240-1247

Broun, G., D. Thomas, G. Gelif, D. Domurado,
A. M. Berjonneau and C. Guillon 1973
New methods for binding enzyme molecules
into a water-insoluble matrix : Properties
after insolubilization. Biotechnol. Bioeng., 15:
359-375

Coulet, P. R., J. H. Julliard and D. C. Gauth-
eron 1974 A mild method of general use
for covalent coupling of enzymes to chemi-
cally activated collagen films. Biotechnol.
Bioeng., 16: 1055-1068

Gray, D. N., M. H. Keyes and B. Watson 1977



Immobilized enzymes in analytical chemis-
try. Anal. Chem., 49: 1067A-1078A

Guilbault, G. G. 1977 Enzyme electrodes in
analytical chemistry. In “Comprehensive An-
alytical Chemistry,” Vol. 8, ed. by G. Sveh-
la, Elsevier Scientific Pub. Co., Amster-
dam, pp. 1-70

Guilbault, G. G. and G. J. Lubrano 1972 En-
zyme electrode for glucose. Anal. Chim.
Acta, 60: 254-256

Guilbault, G. G. and G. J. Lubrano 1973 An
enzyme electrode for the amperometric de-
termination of glucose. Anal. Chim. Acta,
64: 439-455

IR 1977 EEREE. BAEE, (1977): 681-
692

Lubrano, G. J. and G. G. Guilbault 1978 Glu-
cose and L-amino acid electrodes based on
enzyme membranes. Anal. Chim. Acta, 97:
229-236

Mell, L. D. and J. T. Maloy 1975 A model
for the amperometric enzyme electrode ob-
tained through digital simulation and appli-
ed to the immobilized glucose oxidase sys-

v — TG 121

tem. Anal. Chem., 47: 299-307

SHEk kM B 1975 R FY oS e KR
VA PMY = SAEE, (1975 : 356-364

Nanjo, M. and G. G. Guilbault 1974 Enzyme
electrode for L-amino acids and glucose.
Anal. Chim. Acta, 73: 367-373

BWER - SEER 1977 f-rravy—€-a3
— 4 v RORISH: & Btk Bk, 51: 703-708

Thévenot, D. R., R. Sternberg, P. R. Coulet,
J. Laurent and D. C. Gautheron 1979 En-
zyme collagen membrane for electrochemi-
cal determination of glucose. Anal. Chem.,
51: 96-100

Updike, S. J. and G. P. Hicks 1967 The en-
zyme electrode. Nature, 214: 986-988

Watson, B., D. N. Stifel and F. E. Semersky
1979 Development of a glucose analyzer
based on immobilized glucose oxidase. Anal.
Chim. Acta, 106: 233-242

White, W. G. and G. G. Guilbault 1978 Ly-
sine specific enzyme electrode for determina-
tion of lysine in grains and foodstuffs. Anal.
Chem., 50: 1481-1486

Summary

Amperometric enzyme electrode for glucose based on collagen membrane was
developed. The glucose oxidase was co-crosslinked with reconstructed collagen using
the bifunctional agent, glutaraldehyde. The base electrode used was glassy carbon
electrode. Membranes containing 20 units/cm? glucose oxidase and 0.05 mg/cm? glu-
taraldehyde gave the most preferable membrane characteristics. The optimum pH
and the optimum temperature of the immobilized enzyme membrane was pH 6.6 and
35~40°C, respectively. The enzyme electrode gave the highest response and the
best linearity at the potential of +0.9~+1.0V (vs. Pt). The response time of the
enzyme electrode was less than 1 min if a steady-state method was used. The
response was proportional to glucose concentration in the 40 sM~1 mM range. The
recovery test gave 102 % in average. The enzyme electrode was stable for over a
half-year. This electrode is very favorable for glucose assays in food samples.



