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요 약. C汐沥如切 •所奶dz?와 그의 organelle을 CO2 gas・sensor에 고정시켜서 glucose 정량을 위한 bio- 
sensor•를 조립하였다. 박테리아의 경우가 organ이le 보다 감응은 우수하였으나 감응시간은 organ이le의 경우가 

훨씬 짧았다. 박테리아 전극은 3此의 온도에서 pH 7.0인 0.2M 粉&HC1 완충용액을 사용하면 7.0\10 4-1.0 

X10~2M glucose 농도범위에서 42.2 mV/decade의 감응기울기를 나타냈다. 이 전극은 glucose에 대해서 

선택성이 매우 우수하였으며, 혈청속의 glucose 정량에 사용한 결과 routine analyzer■와 좋은 일치를 보였다.

ABSTRACT. A bio-sensor for the determination of glucose has been constructed by immobilizing 
the Citrobacter freundii or its organelle on carbon dioxide gas-sensor. The bacterial sensor wa옪 better 
than organelle in response, but the latter showed a shorter response time. The bacterial sensor gave 
linearity between 7,0x10-4 and 1.0xl0-2Af glucose with a slope of 42.2 mV/decade in pH 7.0, 0.2 Af 
tris-HCl buffer at 30°C. The selectivity of this sensor was very high for glucose. Employing for the de
termination of glucose in serum, the sensor showed a good agreement with a routine analyzer.

INTRODUCTION

The accurate determination of glucose for the 
diagnosis and treatment of diabetes is an impor
tant test carried routinely out in clinical laborato
ries. The methods of glucose determination can be 
classified into three groups: chemical, enzymatic 
and electrochemical.

Most chemical measurement of glucose depends 
upon its reducing properties, and because of the 

lack of specificity most are no longer used. 
However o-toluidine is the only chemical method 
still used widely, but its major disadvantage is the 

corrosiveness of the reagent to laboratory equip
ment as well as its toxicity1.

Enzymatic methods have been developed in ord
er to increase the specificity of glucose estimations. 
Glucose can be measured by its reaction with glu
cose oxidase, in which gluconic acid and hydrogen 
peroxide are formed. The hydrogen peroxide then 
reacts with chromogenic oxygen acceptors, such 
as scopoletin % o-dianisidine % o-toluidine 4 and 
homovanillic acid 5, in the reaction catalyzed by 
peroxidase to form a color.

In this method, one of the disadvantages is that 
numerous reducing substances inhibit oxidation of 
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chromogens used in the peroxidase-reaction.
Recently many electrochemical methods utiliz

ing glucose oxidase have been developed for the 
determination of glucose €-n. The most notewor
thy of these is the bio-sensor that is constructed 
by immobilizing glucose oxidase on an oxygen elec
trode. In this method, the reaction of glucose with 
oxygen is monitored by an oxygen-sensing elec
trode. By determining the amounts of oxygen con

sumption, glucose can be estimated. But in the 
bio-sensor using enzyme (enzyme electrode), they 
are not suitable for the determination of glucose 
in biological fluids because enzyme are genearlly 
expansive and unstable than living cells 12.

This paper describes a bacterial sensor method 
for the determination of glucose by direct poten
tiometric measurement of the carbon dioxide 
produced in the processes of oxidative phosphory
lation of TCA (citric acid) cycle. The bacterial sen

sor is constructed by placing a immobilized layer 
of Citrobacter freundii on a carbon dioxide gas
sensor. And the organelle sensor is constructed by 
immobilizing the ribosomes extracted from the 
microorganisms on a carbon dioxide gas-sensor, 
which is compared with the bacterial sensor in 

terms of response slope, linear range and response 
time. Finally, the bacterial sensor method was 
directly compared with the routine nanalyzer us
ing widely in clinical laboratories.

EXPERIMENTAL

Apparatus. An Orion 95-02 carbon dioxide 
gas-sensor was employed in the construction of the 
bio-sensor for glucose. Potentials were measured 
with an Orion Model 901 Digital microprocessor 
lonalyzer. The pH of the solutions was measured 
with a Beckman Model 76 Century SS with a com
bination glass electrode. The temperature of sam
ples was controlled by Forma Scientific Bath and 
Circulator-2067. Hitachi 70P-72 ultra-centrifuge 

was employed for the collection of cells and or
ganelle. A Beckman ASTRA-8 Routine Analyzer 
was used for the determination of glucose in serum.

Materials. Citrobacter freundii was obtained 
from the Deparment of Microbiology, School of 
Medicine, Keimyung University, and identified as 
previous work 0 The microorganisms were 
grown on Nutrient agar (Difco Lab.) plate for the 
construction of bacterial sensor14 and in Nutrient 
broth (Difco Lab.) medium 15 for the extraction of 
organelle. Stock solutions of glucose were prepared 
with 夕-D(+) glucose (Sigma Chemical Co.) in 
buffer solutions, which were prepared from 
NaH2P04 and Na^HPOm and tris (hrdroxyme낞lyl) 
aminomethane (Sigma Chemical Co.) and HCL 
Other reagents, except as noted, were commercial
ly available reagents or laboratoiy grade materials.

Deionized water used in all procedures.
Extraction of Organelle. About 100g of frozen 

cells obtained from Nutrient broth medium (liquid 
cultivation) was disrupted at 2,000 psi on a Carv
er Laboratory C-29000 Press for 2 hour as 아!。wn 
in Fig. 1. The assembly was stored at -20°C for 

3 hours before use. DNase (Sigma Chemical Co.) 
0.5 mg was added to the buffer (10 mM tris-HCl, 

pH 7.5; containing 1 mM dithiothreitol (DTT) and 
10 mM MgCl2) containing dirupted cells, and 
whole cells and cell debris were removed by cen
trifugation at 30,000g for 30 min. Ribosomes were 
sedimented when the 용upematant solution was 
clarified by centrifugation at 150,000 for 3 hours. 
All procedures to extract ribosomes were carried 
out at 4°C.

Prepation of Glucose Sensor. The cultured 
microorganisms or the sedimented ribosomes were 
then applied as a paste to the dialysis membrane 
(cellulose nitrate, pore size 0.22 jum, Millipores Co.) 
and held in place by means of a gas-permeable 
membrane. The sensor was conditioned in 0.2 M 

tris-HCl buffer solution for several hours before 
use. This prepared sensor was stored in the same
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Fig. 1. Schematic diagram for the homogenization of 
cells: a. pressing; b. stainless steel; c. frozen cells; d. 
aluminum foil; e. 10 mM tris-HCl buffer containing 1 
mM DTT and 10 mM MgCl2; f. stainless bowl; g. 
disrupted cells; f. hole.

buffer at 4°C when not in use.

RESULTS AND DISCUSSION

Activity of the Microorganism. Fig. 2 shows 
the dependence of the activity of the microorgan
ism on cultivation times in the range of 
10-2-10-3M glucose solutions. When the 
microorganisms were cultured for over 24 hours, 
the response slope reached maximum, 42.2 mV/de- 
cade. Thus the micoorganisms were employed af
ter culture for 24 hours.

Calibration curve. Fig. 3 is a typical calibra
tion curve for the bacterial glucose sensor in 
pH 7.0, 0.2 M tris-HCl buffer. The sensor has the 
linearity within the concentration range of 
7.0x10-4一 1.0x10-호肱 glucose with a slope of 
42.2 mV/decade at 30°C.

It is expected that this linear ranges is suitable 
for the determination of physiological glucose, be 
cause glucose in the serum of the average adults
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Fig. 3. Calibration curve for glucose in 0.2 AZ tris-H Cl 
buffer pH 7.0 at 30 °C.

is approximately 5.0x10-3 Af.

Effect of pH and tempature. The influence of 
pH on the respon용e of the sensor was examined 
at various pH values in 0.2 M tris-HCl buffer. The 

response to glucose was changed little between 
pH 6.8 and 7.2 as shown in Fig. 4. The linearity 
appeared in the range of 7.0xl0-4-1.0xl0-2M 
glucose at pH 6.8 and 7.0, 9.0 x 10-4-1.0x 10~2 M 
at pH 7.2.

Hence pH 7.0 was used for all further works be
cause of the wider linear range, although relative
ly a good response (42.9 mV/decade) was obtained
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pH
Fig. 4. Effect of pH on the glucose bacterial sensor in 
tris-HCl buffer at 30°C.

Table 1. The effect of buffer solutions on the bacterial 
sensor for glucose.

Buffers Slope 
(mV/decade)

Linear 
range (M)

0.05 A/
Tris-HCl

36.0 1.0xl0-3-1.0xl0-~

0.1 A-/
Tris-HCl

39.0 9.0x10-4一 i .OxlO-2

0.2-V
Tris-HCl

42.2 7.0xl0-4-1.0x10-^

0.05 4/
Phosph 자 e

30.2 l.Ox 10-3—3 ox i()-2

0.1 AZ
Phosphate

35.9 9.0X10-4-1.0x10-^

0.2 M
Phosphate

32.0 1.0x10-3 — 3.0x10-2

at pH 7.2.

The effect of temperature on 한lis sensor was 
examined in the range of 25-35°C. The sensor 
showed the best response at 30°C, which has a 
slope of 42.2 mV/decade in the range of 
7.0 x 10-4-1.0 x 10-2 m glucose, and thus temper

ature for this sensor was set at 30°C for all ex
periments.

Effect of Buffer. The effect of buffer solution 
on the response to glucose is shown in Table 1. This 

censor was very sensitive in tris-HCl buffer rather 
than in phosphate, and 0.2 M tris-HCl buffer 
showed the best responsibility and the widest 
linearity. Thus all experiments were carried out in 
0.2 M tris-HCl buffer.
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Table 2. The effect of interference on the bacterial sen
sor for glucose.

Substances*3 Response 
(mV) 厶mV

Fructose -36.4 2.6
S 나 crose -39.0 0
Rhamnose -39.0 0
Mannose -39.0 0
Arabinose -38.6 0.4
Raffinose -38.5 0.5
Maltose -39.0 0
None* -39.0 0
aAdded 1.0 x 10-3A/ substances to equimolar glucose. 
"Pure 1 .Ox IO-3A/glucose.

「사血 3. The effect of inorganic salts on the bacterial
sensor for glucose.

Substances*7 Response 
(mV) 厶mV

FeCl3-6H2O -39.0 0
CuC12-2H2O -43.4 4.4
MnCl2-4H2O - 39.6 0.6
MgCl2-6H2O -40.1 1.1
NaCl -39.0 0
KC1 -39.0 0
kno3 -39.0 0
Na2SO4 -39.0 0
NaAc -40.3 1.3
NaNO3 -39.0 0
None* -39.0 0
以were the same as described in Table 2.

Interferences. Table 2 and 3 show the effects
of various saccharides and inorganic salts on this 
sensor for glucose, respectively. The degree of in

terferences, 厶mV, displays the differences in the 
responses of them and pure glucose. As shown in 
Table 2, only fructose was found to be small inter
ference. Therefore the selectivity of this sensor is 
very high for glucose.

On the other hand, it appears that most inor
ganic anions do not have an effect on the response 
of the sensor but several metal cations, such as cop

per, manganese and magnecium, reacted as an in
hibitor, as 아lown in Table 3. Especially, it is a very 
good thing for the determination of glucose in se-
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Table 4. Comparison of bacterial and organelle sensor 
in responsibility for glucose.

Sensors Slope 
(mV/decade)

Linear 
range (M)

Response 
time (min)

Bacterial 42.2 7.0x10-4 15-20
l.OxlO-2

Organelle 14.3 7.0xl0-4 5-10
3.0x10-2

Table 5. Comparison of routine analyzer and bio-sensor 
in clinical application for serum glucose.

Sample
No.

Routine® 
analyzer

Biofl 
sensor

Difference 
(%)

Kang 91 92 1.10
Jang 101 98 2.97
Sohn 109 107 1.87

"Unit: mg/dZ.

rum that potassium and sodium ions, which are 
abundantly contained in physiological fluids, not 
given any interferences.

Response time and Stability. This bacterial 
glucose sensor had a response time of 15-20 min 
in optimum conditions, pH 7.0, 0.2 M tris-HCl 
buffer and 30°C. The response time grew longer 
little by little with elapsed time, that is, 17-21 min 
was required in the 5th day; 19-23 min, 20-24 min 
were required in the 7th day 10th day, respectively.

Whereas the sensor changed little in the 
response slope and linearity until the 5th day. 
However, the sensor also gave good reproducibili
ty in the response and linearity after then.

Organelle Sensor. Table 4 shows the compar
ison of bacterial and organelle glucose sensors. The 
bacterial sensor is better than the organelle in 
response, but the latter required a shorter response 
time, 5-10 min than the former.

On the other hand, when the microorganisms 
were homogenized by ultrasonic, mortar and pes

tle, and glass bead beater, the organelle never 
responded to glucose. Judging from these results, 
it is presumed that the enzyme in the oi^anelle was 
greatly damaged by physical force.

Hence, if new extraction methods for the or
ganelle are developed, better results may be ob
tained in its response to glucose.

Clinical applications. This bacterial sensor 
prepared in this study was employed for the de
termination of glucose in serum. Whole bloods 
were quickly clarified by centrifugation in order 
to avoid the glucolysis after drawing bloods.

Then sera were diluted 3 times and their glu
cose concentrations were determined on the 
calibration curve. As shown in Table 5, the results 
showed good agreement with a routine analyzer 
within ±3% difference.
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