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Current Characteristics of a Flow Injection Type Enzyme—Sensor as
the Variables of a Buffer Velocity, an Enzyme—Substrate Reaction and
an Electrode for the Control of a Fermentation Process

D. B. Song

H. S. Jung S. T, Kim

The electric current of a flow injection type enzyme-sensor was measured to confirm the stable operating conditions of
the sensor. The current of the sensor was decreased as the buffer solution velocity increased. Under the limitation of the
cycle time to be below 10 minutes, the effective ranges of the buffer solution velocity were suggested 0.10~0.26, 0.12~0.24,
0.10~0.25 and 0.05~0.10 cm/s of 1.0, 1.4, 2.4 and 3.4 mm of the electrode diameters, respectively. As the reaction time
of the enzyme and the substrate was increased, the current was decreased because of the dilution between the sample and
buffer solution. Therefore, it could be recommended that the reaction time was able to be selected as shortly as possible
in consideration of the total cycle time. As the result of the experiments using a different volume ratio of the enzyme to
substrate, it was concluded that the subsirate had to be mixed with the same amount of the enzyme. The current have
increased remarkably in proportion to the electrode diameter under 0.1 cm/s of the buffer solution velocity but there was
no difference over 0.1 cm/s of the buffer solution velocity. The cross type arrangement of the electrode was highly suggested

for application and machining of the sensor.
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Fig. 1 Schematic diagram of batch type sensor.

C =

7

: Rotational or diaphram pump{enzyme solution)

: Rotational or diaphram pump(carrier buffer solution)
: Rotational or diaphram pump(sample solution)

: Injection valve 5 ' Electro—chemical cell

: Potenfiostat 7 ' PC

o
D00

1
2
3
4
&

Fig. 2 Schematic diagram of continuous type sensor.

Component Specification

Remarks

Syringe pump 25 L, 25 uL/min

MD-1000/1001, BioAnalytical Systems, Inc., West Lafayette, IN, USA

Diaphragm pump 0.03 - 30 mL/min.

FEM 1.03 KPRC, KNF Co., Wassermatte, Switzerland

Injection valve 10port

C22Z-3180E, Valco Instrument Co. Ins., Houston, TX, USA

Electrochemical cell 0.02, 0.016, 0.039, 0.092 mL

W. E.(platinum)
R. E.(silver coated with AgCl)

Potentiostat 200 nA, +500 mV(Ag/AgCl).

LC-3D, BioAnalytical Systems, Inc., West Lafayette, IN, USA

Data acquisition Lab VIEW

NI PCI-6014, National Instruments, Austin, TX, USA
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Table 2 : Specification of the experimental materials
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Table 3 Experimental conditions of substrate-enzyme reaction time

Variables Levels Remarks
1X : 60 mm(standard length)
4 2X : 120 mm
Tube length |\ 5% 3x, 4%) 3X : 180 mm
4X : 240 mm
Repetitive No. 5

BEE F90EE 848 7149 FY#s tEA st uks
A2 Hel o AFHE SP8I3TE 71425 10 mM Glu-
cose FHS AMEIG1T, B4 0.5 mg/mL Glucose oxidase
o= ARSIt A58 AL 1.4 mm, F5E AlolE
Az AFEN H452 0.0471 ey B0 2 AY 24
oA 53] NHE S48l on Bgks dlE AFRgeE I
ol AASE A 272 E 48 #ok

Table 4 Experimental conditions of volume ratio of substrate-
enzyme
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Descriptions Specifications

Remarks

Glucose oxidase EC 1.1.3.4, X-S, 2459 U/mg

Sigma Chemical Co., St, Louis, MO, USA

D-glucose Sigma Chemical Co., St, Louis, MO, USA
Sodium Phosphate Monobasic Sigma Chemical Co., St, Louis, MO, USA
Sodium Phosphate Dibasic Sigma Chemical Co., St, Louis, MO, USA

Sodium Chloride

Sigma Chemical Co., St, Louis, MO, USA
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Table 5 Experimental conditions of electrode diameter

Variables Levels Remarks
Electrode diameter 4
(mm) (1.0, 914, 02.4, @3.4)
. Varied with the
Buff 1 m/
uffer velocity(cm/s) > electrode diameter
Repetitive No. 5

Table 6 Experimental conditions of distance & arrangement of
electrode

Variables Levels Remarks
2
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angement (Cross, Parallel)

. 2
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istance(mm) 5, 9.0)
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Fig. 3 Photography of the type of electrode.
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