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APPLICATION OF A BIOMASS SENSOR SYSTEM TO
DETERMINATION OF PYRIDOXINE*

Hideaki Endo*!, Noriko Inada*!, Masakazu Hoshi*?,
Tetsuhito Hayashi*! and Etsuo Watanabe*!

A biomass sensor system for viable yeast cells was prepared and applied to determine pyridoxine
(PIN). The sensor consisted of an immobilized yeast (Saccharomyces uvarum 4288 ATCC9080) and
Clark-type oxygen electrode. The determination is based on the respiratory activity of the micro-
organism. It was possible to determine the concentration of yeast cells in the range of 1.6 X 10%-6.1
X 10° cells/ml. The sensor system was applied for determination of PIN. The output current
reached plateau within 40 min and one assay could be completed within 60 min. Calibration curve
was linear in the range of 0.1-0.5 ng/ml/ (relative error: +5%).
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Introduction

Pyridoxine (PIN) is a main compound of vitamin Bs and it plays an important role in the
metabolism of living body. The determination of PIN is very significant in various research fields such
as food and medical sciences. For determination of PIN, yeast microbiological method (Atkin et al.,
1943; Rabinowotz et al., 1947; Fukui et al., 1953) is the most popular among the established methods.
This method was based on the measurement of growth rate (cell concentration) of yeast such as
Saccharomyces uvarum in the presence of PIN, and the cell concentration was measured by spectro-
photometry. However, existence of dead cells sometimes makes the results inaccurate, because
spectrophotometer measures cell density regardless of their life or death. It is not possible to determine
the concentration of only viable cells in a mixture of both viable and dead cells. To estimate the
number of viable cells, colony counts method (Postgate et al., 1969) have been used, but method is time-
consuming and complicated.

On the other hand, several new methods such as electrochemical (Matsunaga et al., 1984; Ramsay
et al., 1988), fluorescence (Zabryskie et al., 1978; Armiger et al., 1986), and ultrasonic (Zips et al.,
1978; Endo et al., 1989) methods have been reported for the determination of microorganism
concentration, and we have also developed a biomass sensor system for several strains of bacteria
(Hoshiet al., 1991). Our sensor system consists of an immobilized bacterial membrane and Clark-type
oxygen electrode. The determination is based on the respiratory activity of bacterial cells. It was
possible to determine the number of only viable microorganisms such as Shewanella putrefaciens,
Escherichia coli, Pseudomonas fluorescens, and Staphylococcus aureus. Therefore this method could be
applicable to measure the number of viable yeast cells for the determination of PIN.

In this study, we prepared a biomass sensor system for viable yeast cells, and applied it for the
determination of PIN. The operational property of the sensor system was also examined.
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Materials and Methods

Materials

1) Reagents PIN and dialysis membranes were purchased from Wako Pure Chemical Indus-
tries, Ltd. (Osaka, Japan). Vitamin B Assay Medium Base (VAMB) was obtained from Nissui
Pharmaceutical Co., Ltd. (Tokyo, Japan). The composition of the medium (1/) was as follows;
casamino acid: 8 g, inositol: 50 mg, thiamine hydrochloride: 500 12g, nicotinic acid: 5 mg, calcium
pantothenate: 5 mg, biotin: 16 £g, KCIl: 850 mg, glucose: 100 g, CaCl,: 250 mg, MgSQO,4: 250 mg,
MnSO,: 5 mg, KH,PO,: 1.1 g, FeCl;: 5 mg, potassium citrate: 10 g, citric acid: 2 g. Peptone, malt
extract and yeast extract were purchased from Difco Laboratories (Detroit, Michigan, USA). Other
chemicals were obtained commercially and were of analytical reagent grade.

2) Standard solution of PIN For preparation of stock solution, 20 mg of PIN was dissolved in
25% ethanol aqueous solution and made up to 100 m/. The solution was diluted with distilled water
to prepare standard solution in the range of 0.1-0.5 ng/ml.

Microorganism and its cultivation

Saccharomyces uvarum 4288 ATCC9080 was used as a biocatalyst for the determination of PIN.
The microorganism was cultivated in YMPD (Yeast extract—Malt extract—Peptone—Dextrose) solid-
state medium which contained (g/l); yeast extract (3.0), malt extract (3.0), peptone (5.0), glucose
(10.0), agar (20.0) and incubated at 30°C for 20 hours.

Preparation of a biomass sensor

A biomass sensor was constructed with an immobilized microorganism membrane, Clark-type
oxygen electrode (Able Co., Tokyo, Japan) and an oxygen permeable Teflon membrane (Fig. 1(a)).
The oxygen electrode consisted of a platinum cathode (diameter: 11 mm), a lead anode, alkaline
electrolyte (KOH), and an oxygen permeable Teflon membrane (thickness: 2.0 mil). To prepare the
membrane with immobilized cells, several sheets of cellulose nitrate membranes (pore size: 0.45 um,
diameter: 13 mm, Advantec Toyo Ltd. (Tokyo, Japan)) were sterilized with steam at 115°C for 20
min, and then 1.0 ml of the cell suspension was filtered through each membrane. One of the
membranes was tightly set on a platinum cathode of oxygen electrode and covered with a dialysis
membrane.

Apparatus and assay procedure

Figure 1(b) shows schematic diagram of a biomass sensor system for the determination of PIN.
The system consisted of a biomass sensor, vessels of 0.05 M phosphate buffer (volume: 50 m/, pH 6.0)
and YMPD medium solution which contained (g/1); yeast extract (3.0), malt extract (3.0), peptone
(5.0), and glucose (10.0) (volume: 50 m/, pH 6.0), a water bath, and a recorder. Both phosphate
buffer and YMPD medium solution were saturated with oxygen.

For the determination of PIN, one platinum loop of S. uvarum cultivated in YMPD solid-state
medium was suspended in 100 m/ of 0.9% NaCl solution to prepare inoculative cell solution. The cell
suspension (0.5 m/) was inoculated into several test tubes containing 1.5 m/ of different concentrations
of PIN solution (0—0.5 ng/ml/) and 2.0 m/ of VAMB solution (conc.: 260 g/I). These test tubes were
incubated at 30°C for 15 hours. After the incubation, the culture broth was stirred and was kept in a
micro-test tube for the measurement of cell concentration. One m/ of the culture broth was filtered
through the cellulose nitrate membrane and the membrane was tightly set on a platinum cathode of
oxygen electrode as described above. The biomass sensor was immersed in the buffer vessel at first.
After the output current of the sensor became stable, the sensor was taken out and immediately placed
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(a) (b)
Fig. 1. Schematic diagram of the biomass sensor system.

a: Detector of biomass sensor
(1) membrane containing immobilized yeast; (2) oxygen electrode; (3) oxygen permeable
teflon membrane; (4) dialysis membrane; (5) rubber ring; (6) parafilm

b: Biomass sensor system for PIN
(1) biomass sensor; (2) water bath; (3) vessel of 0.05 M phosphate buffer (pH 6.0); (4)
vessel of YMPD solution; (5) air; (6) filter; (7) recorder.

in YMPD medium solution. When a stationary current of the sensor was obtained, the current
decrease was measured.

Conventional method for cell counting

A microorganism suspension was diluted with 0.9% NaCl solution to obtain a final cell number
of 30—300 cells per 100 ul. S. uvarum cells were spread over the surface of YMPD solid-state medium.
The plates were run in tripiicate and were incubated for 40 h at 30°C. After incubation, the colonies
on the plates were counted.

Results and Discussion

Response properties of a biomass sensor system

As preliminary experiments, cell concentrations of S. uvarum were determined by the biomass
sensor system. The cells cultivated in YMPD solid-state medium were suspended in 0.9 % NaCl
solution and adjusted to appropriate concentration of 10°-107 cells/ml. Figure 2 shows typical
response curve of the system. When the sensor was immersed in the buffer vessel, the output current
of the sensor became stable within 10 min. After the stationary current was obtained, the sensor was
transferred to YMPD medium solution. The output current began to decrease within 1 min and
reached plateau within 40 min. This phenomenon indicated that various compounds in YMPD
medium solution had passed through the cellulose nitrate membrane and was assimilated by the
immobilized microorganism. The respiratory activity of the microorganism consumed dissolved
oxygen around the membrane and consequently decreased the output current of the sensor. When the
assimilation rate of the compounds in YMPD medium by microorganism and the diffusion rate of the
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Fig. 2. Response curves of the sensor system for Fig. 3. Relationship between the cell concentra-
Saccharomyces uvarum 4288 ATCC9080. tion and the current decrease of the sensor.
Cell concentration and temperature were Temperature: 30°C.

3.3 108 cells/ml and 30°C, respectively.

dissolved oxygen attained equilibrium, original and stationary current was obtained. The difference in
current decrease between the stationary currents obtained from buffer solution and from YMPD
medium solution was used as the measurement of cell concentration. One assay could be completed
within 60 min.

Figure 3 shows a relationship between the cell concentration and the current decrease of the
sensor. The current decrease of the sensor increased with increasing the cell concentration. A good
linear correlation was observed between them in the range of 1.6 X 10°—6.1 X 10° cells/ml. Thus the
sensor system was useful for the determination of cell concentration of S. uvarum.

Application of biomass sensor for determination of PIN
The biomass sensor system was applied for the determination of PIN. S. uvarum was cultivated
in a test tube containing PIN and VAMB solutions, and then PIN concentration was measured with
the sensor system. The response curve was given
buffer medium  buffer in Fig. 4. The output current reached plateau in
—-——— P —— .

40 min and one assay could be completed in 60
min (relative error: = 5%) as well as earlier result
in Fig. 2. It was possible to determine the cell
concentration of the organism cultivated in test
tube containing PIN.

In general, the response of the biosensor was
readily influenced by analytical conditions. For
this reason, it is necessary to establish favorable
assay conditions to enhance the sensitivity of the

m_’ sensor. Figure 5 shows the effect of temperature
Time of the buffer and YMPD medium solutions on the
Fig. 4. Response curves of the sensor system for ~ current decrease of the sensor. The current de-
pyridoxine at 30°C. PIN concentration:  crease expanded with increasing temperature and

0.2 ng/ml. it reduced again at 45°C. We assumed that the
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Fig. 5. Effect of temperature on the current
decrease of the sensor. PIN concentration:
0.2 ng/ml.

metabolism of microorganism was temporarily
facilitated by increase of temperature but the re-
spiratory activity declined at higher temperature.
Higher response was obtained at 40°C and the
response curve of the sensor in this condition was
shown in Fig. 6. The output current reached
plateau within 30 min and one assay could be
completed within 40 min. Higher response is ordi-
narily preferable for the operation of the sensor,
however, the response of the sensor became unsta-
ble at 40°C (relative error: =30%) compared to
the condition at 30°C. It might have been caused
by a damage of cell due to the increasing temper-
ature during the assay. Moreover the response of
the oxygen electrode might become unstable at
higher temperature due to the decreasing solubili-
ty of oxygen. Therefore, operation at 30°C was
thought to be suitable for the system, since the
optimum temperature of the cultivation for this
microorganism was 30°C.

Figure 7 shows the relationships between the
current decreases of the sensor and PIN concen-
trations. When the concentration of PIN was 0
ng/ml, a small response was observed. This re-
sponse was due to the respiratory activity of the

Fig. 6.
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Relationships between the current de-
creases of the sensor and PIN concentra-

cells inoculated to the test tube at the preparation of the standard sample. Calibration curve was linear
in the range of over 0.1 ng/m/ and under 0.5 ng/m/ as shown in the figure.
completed within 60 min. Although the membrane with the immobilized cells of the electrode needed
to be renewed for each measurement, the membrane could be easily exchanged by using a rubber ring

(Fig. 1(a)).

One assay could be
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In conclusion, this sensor system could be used for the determination of PIN, and it has the
possibility to analyze other compounds of vitamin Bg such as pyridoxal and pyridoxamine. Further
studies in our laboratory are towards the reduction of the assay time, and the application of the system
for food analysis.
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