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A Glutamate Oxidase-based Biosensor for the Determination of Glutamate
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Abstract

The objective of this research was to develop a glutamate enzyme sensor for rapid determinations of glu-
tamate in samples. Glutamate oxidase was immobilized onto activated nylon, chitosan and other membranes.
The enzymic and nonactin membranes were attached to an ammonia electrode to detect ammonia generated
by the reaction between glutamate oxidase and glutamate. The enzyme immobilized on activated nylon mem-
brane was stable for 2 months, and was able to perform about 250 glutamate determinations without losing
activities.The enzyme immobilized on chitosan membrane had higher enzyme activity, but was not as much
stable as that immobilized on nylon. The glutamate biosensor was able to accurately determine 0.1~5 mM of

glutamate in samples.
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2 Ao AR3} Streptomyces sp. 2K L-glu-
tamate oxidase¢} nonactin-2- Sigma Chemical Co. (U.
S.A) A Eolgich. &2 1A 3}el| A28 membranes
© 2+ acetyl cellulose, chitosan, gelatin, cellulose tri-
acetate @ preactivated nylon (Pall Biosupport Division,
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Glen Clove, NY)o|gich z28]a a4e 4 2 gl-
tamate ¥-4Jofl Ag-gt Ajefe- £ 8L Fl3led ALS-

st}

Enzyme membranes2| ®=

Glutamate oxidase-S- membranesel] 24 315} enzy-
me membranes-S W= =d] Mulchandani $®2] ul#-2-
Ahg-sledch A4 5 membraneS 1.5 cmx 1.5 cm®e] =
712 Adste] A7 1eme| Lehiad o] Fofl 37
3HA| O-ring©. 2 373 A} t}. Glutamate oxidase2} bo-
vine serum albumin (BSA, fraction V)2 &3&3} glu-
taraldehyde (GA, 0.1~3% £4)E 7}3lo] el d3ke
Alarslar, 2 EgH4-8S A3 membrane®| ErHe
Fhste] shalel whekat Ao 4D o 7hx ALl
cheldge] AYEEE skt olsh o] AL en-
zyme membrane->- Tris-HCI buffer (50 mM, pH 8.5)%
AHse sheloz Exel GAZ AAstlet ol3
& WFe| =ylo] RES FIA Fele] Tris-HO
buffer (50 mM, pH 8.5) of] Bt7} 4°Coll 4] %) 5}eic}.

Ammonium selective nonactin-PVC membrane
o] H=

hELE o] &S Al¥H o g FIAFl= nonactin-
PVC membrane-& Brown 5-2] vl o] 2]3}e] utE
git}. &, PVC 66 mg, adipic acid bis (2-methoxyethyl)
ester 142 uL¢} tetrahydrofuran 1 mL& $¥-3] &3st
F 217 22 mme] glass ringol] -] A3 3t

A3} glutamate oxidase2| E#MEE

Membraneol] % 3}% glutamate oxidase2| A1
Cardenas S-"¢] ul ol w2}, glutamate oxidase7}
glutamate 9} 438 o] A7) H,0.0 FEv o5t
Zro] WHAA 72 FAFEE 437 nmellA FA et
Z. 0.15mM o-dianisidine, 0.5 mM glutamate, 0.38
unit2] horseradish peroxidase& 50 mM Tris-HCl buff-
eroll £&|A]7]1, 7o) enzyme membraneS gL
37°Cel|A] 2859k 20&vic} & E3tsl T} vh-g-2
enzyme membrane-g -$-HollA| A|As o] A2 A7,
Hle & olo folS cuvetteo| &7 FHEE A3}

st
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Fig. 1. Schematic diagram of enzyme electrode. (a) inn-
er jacket; (b) 0.1 M NH,CJ; (c) outer jacket; (d) O-ring (e)
nonactin-PV membrane; (f) cellulose membrane; (g) glu-
tamate oxidase immobilized on nylon membrane.

et Ag/AgCl A =ol| nonactin-PVC membrane (e)&
2wz 7] 3, 1 #] o)l enzyme membrane (g)S A
gk o}-g, 7} 2]4of cellulose membrane ()& o3l
O-ring 2.2 Aol 324 A Zt}. Glutamate oxidase sen-
sorZ pH-meterol] 373} 3, BF il o
3} steady state responseS A --ol|4] millivolt (mV) &t
o= ZAshn GlE oleel AL i
FE 107 ~10" Me) 3|4 FF80& AREsled 2FAJ3)
e,

F4 sensor Y HPLC ol 2|8t glutamate 53

Tris-HCl 200 mL (50 mM, pH 6.5)ol] £33t 10°~10°
M2} L-glutamic acid -&%o]] &4 sensord © 17, 3L
wapa Aold 2% W F mvE skl L
glutamate - %.2] 73 8kA] © 2 H-g] L-glutamic acid F%
£ Alakslgdc). L-glutamate®] HPLCel 2|3 &#]&
reverse phase HPLC B} ©° 2 Waters©] WISP 710B
sample processor, C;; column, gradient controller model
720, model 6000A solvent delivery system3} model 420
AC fluorescence detector2 AR&-3}od 4] A|sbed .

Al Z9] $a] L-glutamate 28 HPLC ¢} glu-
tamate sensor® #-43}od glutamate senscre| * HA1-S
HGristr) shsled Av] 2 =& Ag2 A9sisich 4
EA23 A =2 bowl mill2 F& c}-&, 300 mgS
2 mLo] <labed £43-<4(0.05 M, pH 8.0)ell &3+t
3 0.45 pm membrane (Millipore)el] o #}3}git}. of o
S 4k 4 (pH 6.5) 0.2 3|43t d3t= o
$19] glutamate geko] =] =8 3|4 3le] FHGARE
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HAlet A4F dAsE Tl R GAZ AR sl
glutamate oxidase ©{2]7}%] membranesel] 373)3} 3}
o, o] ol BSAE &7 AHg-stdch. 443 mem-
branesell AH8-3 GA2| A rx & A3} 95t
0.1~3.0%7Hx] GA?] %5 wre]slma] 20~22°Cof 4]
2537 wbg-A17) A 2= Fig. 29k 79ket. &, GA 0.25
%l 4] 5%-F2] membranes %5 2 119 §4hsHAS 1}
el oo, Fxe] Sl wle} B asbAe] A3 7ha
813t A7) membranes Zol|4] chitosan mem-
braneo] 7} £& FA4J-S vepllon], 71 o 7S
A48 cellulose acetate, gelatin, nylon, cellulose
triacetate o] gic}. o] AE 7|22 3le] HA GAX
EE 0.25%2 A3l r}. Cattaneo S©% glutamate ox-
idase®} glutaminase S F-Alol] 2AJ3} A7) GA%
E7}F 1%014 S7Fstd w3t T4 B4de] dx]3)
agcha Marghel glo], o] Qo] Axte} ol xs}
ek

BSAE 0.2~2.0 mg 7}%] ¥3} A7) 84 2 units
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Fig. 2. Effect of glutaraldehyde concentration on the
immobilization of glutamate oxidase.

ol 43d3}i= glutamate oxidase & 77) 3} 8} 17 (Table 1),
A B IS 2AR A Fig 39 2}
=, BSA gxot Zolebd nA st 540 dH4o) =7}
stodet. 1314 BSA $x7} 0.8 mg o]Ako] = wA
3} f40 AL E9ro) BSAZ) w o} uhe 3
deted T FAZE YA wkgAzte] HejRg
HEY 4 e} o) & st w3 54 BT
Hl2A a1, B E £ BSA 03 mg2 33l &
=2 Ao
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Table 1. Effect of glutamate oxidase concentration on
the activity of immobilized enzyme

Enzyme Enzyme activity (A437)

conc.
(unity  Chitosan  Nylon

Cellulose Cellulose

Gelatin acetate triacetate

0.2 0.034 0.020 0.019 0.018 0.017
0.4 0.048 0.026 0.027 0.021 0.019
0.6 0.070 0.034 0.048 0.036 0.024
0.8 0.084 0.055 0.069 0.069 0.037
1.0 0.093 0.069 0.075 0.088 0.041
15 0.117 0.090 0.097 0.101 0.043
2.0 0.153 0.095 0.107 0.113 0.051
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o1 4 ——A— Cellulose ucetate
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Bovine serum albumin (mg)

Fig. 3. Effect of BSA concentration on the immobiliza-
tion of glutamate oxidase.
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Table 2. Response time and relative activities of 5 en-
zyme membranes to 1 mM L-glutamate

Cellulose Cellulose

Membranes Chitosan Nylon Gelatin .
acetate triacetate

Response 1.5 23 2.0 1.9 42
time (min.)
Relative 100.0 620 699 73.8 333

activity (%)

o] Z713 & 5%F &4 membranes®] FAde] B
5 Z7lele A 2l vk 7] e A
sensorg 57| YA Aol =& EA mem-
brane-& AF&-3]o} s}}, glutamate oxidase2] gho] Hixt
A 7habste] HA L ol 2] 2 unitsE A
£Z 02 7A3ledct. Cattaneo £9% glutamate ox-
idase &5 Z7HA71W A3} 540 4o FUt
by Boughil glo, B pAe) Hoke 3w o]
A e BAaES AHEERT

o|Ake] odollA Al E #A A3} 27(GA 0.25
%, BSA 0.3 mg, L-glutamate oxidase 2 units)>. = & 4~
membranes-2 RHE-o] o] 2] Ao 2HAI} ub-g-A|7F
& 2238 A3 Table 29} kel HRAIZEL cel-
lulose triacetate®] 73 ¢F 4802 1A Al 7, chi-
tosan membrane- 1.58 02 1A g9kt 7€} mem-
branesi= oF 2302 wWxlolr} it 2l @A
membrane?] E5 wA3}l 40 AH S B
W, A48 0] 7}&F 2 chitosang 10022 3913 of
cellulose triacetate7} 33.3°.2 7P Jglel wepr] &
2 membranes®] ¥S-A7He& 7143} F 40 Aol v
#5-S o 5 gt o]ake] A2 Bol cellulose tri-
acetate'= membrane ©. & Abo A A gHAdo] Ik, #
& ue A7 M B AHEEES EEof

T % Agieh

n ot

pHe} E A membranes®| &4

74 35}% glutamate oxidase2] pH A 41L& Fig.
42} 7rgtr}. Membranes®] ZH-ol A ¢lo] A pH
= 6.501%0ct. A3t B4 BAIE chitosanol|A] 7h
2} =9l 7 cellulose triacetae o] 7}3F o}, Table
29] Asnje} & AFE wglch Fig 49 A
Chen3} Su®'o] ¥ 318 pH 7.08.ch o2} G grolu,
ol A3} ol i elFe] Wz o
o AbgE gl

A

F 2 membranes XA oHE A
A| 23 £4 membranesFol|A] 71 -8 7HsAde]
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Fig. 4. Effect of pH on the activity of immobilized glu-
tamate oxidase, (—{1: Nylon, B—M: Cellulose triacetate,
A—A: Celluose acetate, @—@: Gelatin, O—CO: Chitosan.
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Fig. 5. Stability of glutamate oxidase immobilized on ch-
itosan and activated nylon membranes during storage
at 4°C.

q]t}sr A7}s] = chitosan# preactivated nylon .2 qF
E #A membranes-S Aelste] A A A S Hrt
3}7] $|3+ed pH 6.52] phosphate buffer (50 mM)ell =
7} 4°Cell AArslmA] &A-S A Ao Fig 5%
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7k}, Chitosan membrane-S ARE3F 7 $-oll & 354
7b 90%o) kel AATAEL §AE 5 9 &=
preactivated nylon& AME-3F 7J-F-ofl = oF 60U 7} 90%

ol BABAHS Askgon, 0ale] At
] 60%4 =7t A=t o] AE 7|zt
chitosan & 4= membrane-> F 34L& x| ut XA oF
A Ajo] §-4381=] E-s}o] preactlvated nylon membrane
© 2 "hE §4 membrane® 2 EA4
71 & AR st

B A sensors 1AIs}

Glutamate oxidase sensor2| 74

Fig. 40l|A] 2n}e} Zo] A3} glutamate oxidase2]
M-S pH 6.5 oAl o] RolA) i o] A4 HE
Aeldl, pH 6.5 #ollA= EAaRkS Axz2 Yrle
grYelrt B5 bR o] AR EAjstEz
011:1 1/]_‘5. ]_Q__O_ 252461- &9l SensorQ] 7}{‘:“_}0] 98
T gt o}& 918l Fig. 13} 3ro| nonactin-pvc
membrane®] $-2#= okw ]2 F3 double junction
Ag/AgCl ZA -G pH-meterol] d73}e] Al&3}9]
t}. Fig. 104 2] 7}3F 2] F-of] cellulose membrane
SHAgt e dbgdFe] fr)EAe] EA mem-
branes) 014 7HE7t ol A & AL B3] 9%
B3 rolg)r}. Glutamate FrefE2].8 A1 g 50 mLo|Ar
£ 100 mL B]A | g7, A3 4% 2 vortex mixing
shHA] &4 sensorﬁ} 71EA=L 34 @13, pH-

Hol ZEF

metercl| 4] steady state response®] mV-E
RECER P RETE

Glutamate oxidase sensor2| 2SS 54

Preactivated nylon membraneol] glutamate oxidase3-
A s}ste] wHE G4 sensorE ARl 25°C, pH 6.5
of| 4] odz] 7}A] 2] L-glutamic acidE & 7}sle] 7
A& 2 sl ch(Fig. 6). 71 FE 0.1~5 mM #$]
ol| 4] Nernstian ¥}-2-2
2 A v A B/AE Jeblc) 285 7 o)Ak o] 3
A= AA vl AA AHEA o}, FAHFE
& 0.1~5 mME A3} 2]z 72+ 7] AT olA] vt
SA7HE &3 Ad= Fig. 73 Zskor, 280
o] vk-go] HAFA e Eslng 2AA7HS 280
2 AA s ol sbellA] A3 Table 29] A 3}o}
o x)3}d .

Glutamate sensor®] pH % £% o|&A & oo}y
9]ato] AFE71d Welal pH 4.0~7.0, &% 10~40°C
4 1 mM 7] 4 &l gk WhA7HS 7t ZAfa
A #He Table 33} 29k}, pH 5.0~7.00l4 & vE3-A1 T
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Fig. 6. Calibration curve of glutamic acid by glutamate
sensor at pH 6.5, 25°C.
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Fig. 7. Response curve of glutamate sensor for glutamic
acid.
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Table 3. Effects of pH and temperature on the response time of glutamate sensor

pH* 4.0 45 5.0 5.5 6.0 6.5 7.0 7.5
Response time (min) 4.5 33 2.0 1.6 1.5 1.4 1.3 3.0
Temp. ("C)** 10 15 20 25 30 35 40
Response time (min) 3.2 23 1.8 1.4 12 1.0 0.8
*The reaction temperature was fixed at 20°C.

**pH was maintained at 6.5.
6.0
100 By [ ' 50 -
ST, S
K g
,f’“ ~ 40
= a
&
2 = 2
T v 30 a (r = 0.995)
= Q
z s w°
E 60 E 20 4
2 E
k- O o
&
o -
0.0 T 1 T T T
0.0 Lo 20 30 40 5.0 €0
HPLC (mg/g)
27 Fig. 9. Correlation of glutamic acid determinations in
Cheddar cheese samples by glutamate biosensor and
HPLC method.
0 T T T T T T
0 50 100 150 200 250 300 350

Number of Measurement

Fig. 8. Stability of glutamate sensor of activate nylon
membrane with repeated measurements.

45 o Fof| F& ol WA= AL FA
otom, 20°C H-Fo| W25 2 gt o2 s}
=t

Glutamate sensor2] BHEA}-g-of thal ok 43S 7}
8}7] 2]5}o] glutamate &3 27104 2 7FH 22 of
W53y bR AlgsbdA] 207 QHRAS Alei
A= Fig 83 zZgkr}. &, oF 2503 &% 7MA =
sensor2] A4l ¥ "HF}/} Hsler, 437t
0|2 Z3}ale] FAJo] Wox uk-g-A|7te] ez

Glutamate &3

Glutamate sensor®] A &A1-g #H7}3517] 93ste] A4
2] #9] L-glutamate §+sF-& HPLC ¥ glutamate sensor
o 2 B A¥= Fig 93 2o} &, 7 e
2 &A% g Alelddl fo4 e ARRA (r=0.995)

7 2A3e 4 4 o) webd] s)EE glutamate
sensory- Al §52] L-glutamate §Hek-8- whA|7bo]] Akt
3] AstslA 2 4 9oty HrlEgien, do
AlE-52] L-glutamate A olv} FAH 7)ol o] 848 5
slch 2=t

e <%

L-Glutamate Z 7FH 3} @A 7t 233 4 9=
glutamate sensorg 7§38}7] 9]%}ed, glutamate oxidase
£ ¢]2] 7}*] membranesell 313} Al7|=d] A3
ZA%, 1 A2 B F 4 membranese] EA, AN
3} glutamate sensor2] HF-2-E-A] 2 glutamate sensor2]
A 84L& FAVsled ok Glutamate oxidase-Z- membranes
o] A8 Ei=v] GA 0.25%, BSA 03 mg, T4 AHE
o 20uniselypo] Asielch wAsh Aol Ha
pHE 6.50]9)1 3, chitosan membrane-& A}-8-8F 73-$- 7}
A A48Ao] wokr) et AAF Aot kA
=-9- 512d3}o] preactivated nylonel :ZA3}A]7] &
membrane2 glutamate sensor 7i¥bell ARE-3l¢iTt.

P



Glutamate oxidase biosensor 7t 1081

g A1=3} membraneol A3 A|H
X2l glutamate?] BFEARE9l 9kmiu]o}lrl nonactin
membrane-g ©]-£3F ¢ 21]-g-o0] & T o]5le] =3
HIE F 4 sensorE A1} 01, sensord] ¥R
7re °_F 2F-o]9lr}. Preactivated membraneol| %) 3}
) fak 4CoH 2IY7E ARF T BYS ¥
odovf, o] & 2183} glutamate sensorZ °F 2503 &
& o 77].1] Aol ¥ W3trb glado sluke glu-
tamate sensor®) glutamate =22 Fx¥ 9= 0.1~-5mM
o]9lc}. Glutamate sensorS At 2] =%2| L-glutamate

Glutamate oxidase-

2o 583 AsH= HPLCE 243 Ao} £
AR 3101, Yabgo) <Ly Hisiet
ZArel 2

o] A= 1993-951 % F-Fajsba el ] 2] 1gk &
A7) x of 9] ddFoln, odn]| =] Yol ZFAl= |}
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