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Development of an Enzyme Electrode Biosensor for Lactic Acid Bacteria

T. S, Park

S. I. Cho

This study was carried out to develop enzyme biosensor for lactic acid bacteria. Lactic acids produced by lactic acid
bacteria (LAB) was measured and good correlation R’=0.98 between LAB count and lactic acids concentration was found.
Hydrogen ion produced by L-lactate dehydrogenase (L-LDH) was measured by a potentiometer. Glutamic-pyruvic transminase
(GPT) was used for eliminating inhibitor in the reaction. Polyacrylamide gel was used for immobilizing matrix of the sensor.
The biosensor was tested and showed good feasibility with R>=0.99 on validation.
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H%2] vlo] 2 AlME Clark} Lyons(1962) 5°l pH A=
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AZHB7) = T2 A7 e AREekH, 3,
1A SPR(surface plasmon resonance), FET(field-effect tran-
sistor), & AA 5 tioFst Ea]sleHA WP E ARgst (R
T, 2002). vl A= &4 -] e Soli(specifi-
city)o] o0, W75 (sensitivity)7} & SHOFE Q3| I
F3 A el Agslof st BAo] o]FfA 1L itk

Ak (Lactic acid bacteria; LAB)S <14 4783} oi% W
o] 3l vAE S AAleta, AL 2gks osEAY A
Faty, A9gS woFy, 83 FH2HES A=
o|Z2% 7l5S zterh fakd HaAFo| AFAFEORA
o] Aol T2-& Frhs Aol AN Akt HE &
29 287} EX ookt fARE S5 AP, dvjE I itk
(Ko 5, 1994; ¥ 1997).

RS AEI) $igh dubAl o= wiA] o fAt
7o ARES 53l Setol), dnAE B3l A
FE5 A A vAESH e Al AL edE
&2 w2 Alge] digh dXxje]7t Besta o AT 24~
48A17ho] A, Fo= A Mojo} sk Bilo] itk
abto] wra sy Foll Ak EHE< acetic acid, lactic
acid, citric acid®] %2 chromatography® &3l Foulo] f
At kg s WL ko] Anlel S gt
A2 Q5E A7t FAllolth

ARt Gaaelr] AdEE B4 BRIk Sivakesava
52001 ZAk AEXUEE S74sl7] $8l FT-MIR(Fourier
transform mid infrared)®] E5€ o8 F4 dloJElE o] &
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313131, Zhang 5(2001)2 ion chromatography 3} 4%
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819 Lactobacillus TEIE 5 ZAL A4 bl gof| dist &
HEE sigich
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Lactobacillus acidophilus kctc 04042} BD(Becton, Dick-
inson)A}2] Lactobacilli MRS Broth®} Bacto peptone, ElAt
fit2] Agar powderE ©|-&3lo] Wany o] fakt 40 W3}
2 a9

Bkt 79 13} Zo] MRS broth 22.5 g} S/ 500 md
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B 3, S AE 37CE WA 45 100 S B
gjokallol Z4zh HEAF| T 37°C ZANA HjeksITh A
2, 1988).
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L(+)-lactate(2-Hydroxypropionic Acid), sodium L-glutamate,
NAD+(Nicotinamide adenine dinucleotide, EC 2.7.1.23, type
IV, from chicken liver, 10 Units/mg), GPT(Glutamic-Pyruvic
Transaminase, EC 2.6.1.2, from Porcine Heart, 90 Units/mg)
£ Sigma jit ZFE], Fluka jit 2] L-LDH(L-lactate dehydro-
genase, EC 1.1.1.27, from rabbit muscle, 215 Units/mg)E
AT glo] AMg3IGich Ao ARE BE S 5
F5 ARSI Az

1% 29} o] mA Whgol gk Fhol I HEE pH
PlE 2 43813, Llactate®] 50 BlEslo] a0l
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ARE31o] pyruvateE L-alanine 0.2 x| 8315t} wleba 24|
HEeAS 19 33 At . o

Aol 148 AAZL-LDH)S 4] g8 94 5%

OH 0
1 L~ LDH 1
Hyl - CH-COOH 4 waD* === H,C-C-COOH + MNADH + H*
L-Lactate Pyruvate
Fig. 2 Reaction of L-lactate with L-LDH.
™ Nhp
H3C - CH - COOH , HOOC-CHp-CHp-CH-COOH + NAD®
L-Lactate L-glutamate
NHo 0
L- LDH 1 n .
==3 H3C - CH-COOH + HOOC-CH,~CH,-C -COOH + NADH + H
GPT L-alanine 2-oxoglutarate

Fig. 1 Fermentation process of LAB.
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Fig. 3 Reaction of L-lactate with L-LDH and GPT.
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Fig. 4 Colony number of lactic acid bacteria during fermentation.
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y= A S(colony forming unit; x10° cfu/me)

4. L-lactate 573 ts’8 B4

Al

FAHES-E 0183} [ Jactate =X 7FsA) 418 93] 59|

9] L-lactate ¥ <ol ujet HEE F4ol2 FEE S
=

v} Wkeo] H Q3% L-LDH, L-glutamate, NAD, GPTZ 5712
A& Z}2} 10 mg, 20 mg, 2 mg, 10 w% Y1 3.996 ml,
3.98 mi, 3.96 mi, 3.88 ml, 3.8 mLS] FFH9} el A3ick o]
W, 7] pHE S43}7 0.004 ml, 0.02 ml, 0.04md, 0.12 ml,
0.2 me2] L-lactate S Al@aol| Hojr=gd o} FAlol pHE] HslE
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< Tt SMe 23l
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Fig. 5 Acid concentration variation during fermentation.
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Fig. 6 Correlation between L-lactate concentration and lactic acid
bacteria colony number.
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Fig. 7 Reaction curve on various concentration of L-lactate with
L-LDH, NAD, L-glutamate, and GPT.
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Fig. 8 pH changes trend with different L-LDH concentrations on
constant L-lactate concentration.
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Fg. 9 Calibration on L-lactate concentration with output voltage
(mV) from sensor.



Fig. 10 Sensor image before and after enzyme immobilizaton at
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