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Fig. 1. Priniciple of biosensor.
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Fig. 2. Kinetic processes in biosensor response (from
M.A. Arnold and G.A. Rechnitz).
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Fig. 3. Schematic diagram of a potentiometric-based
biosensor.
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Fig. 4. Schematic diagram of a amperometric biosensor.
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Table 1. Components thay may be used to construct
a biosensor.
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Fig. 5. Immobilization methods of bio-material (from
R.K. Kobos).
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Fig. 6. Application fields of enzyme sensor.
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Table 2. Biosensors using enzymes.

e
e

Substrate

Enzyme

Electrode

Method of immobilization

Concentration range (M)

Urea

Glucose
Amygdalin

Penicillin

L-Amino acids

D-Amino acids

L-Glutamine

L.-Phenylalanine

L-Tyrosine

L-Asparagine

L-Lyvsine

L-Glutamate

SAMP

Urease (E.C. 3.5.1.5)

Glucose oxidase (E.C. 1.1.3.4)
Glueose oxidase (E.C. 1.1.3.4)
-glucosidase (E.C. 3.2.1.21)

Penicillinase (E.C. 3.5.2.6)

L-Amino acid oxidase
(E.C. 1.43.2)

D-Amino acid oxidase
(E.C. 1.4.3.3)

Glutaminase (E.C. 8.5.1.2)

L-Amino acid oxidase
Tyrosine decarboxylase
(E.C. 4.1.1.25)

Phenylalanine decaﬂxmylase
(E.C. 4.1.1.1.563)
Asparaginase (E.C, 3.5.1.1)

Lysine decarboxylase
(E.C. 4.1.1.18)

Glutdmate dehydrogenase
(E.C. 1.4.1.2)

Glutamate decarboxylase
(E.C.4.1.1.15)

AMP deaminase (E.C. 3.5.4.6)

Monovalent cation
NH; gas sensing

CO, pas sensing
pH

H,0,
pH
Cyanide

pH

pH

Monovalent cation
Monovalent cation
Monovalent cation

Ammonium ion

CO, gas sensing

COy sensing

Monovalent cation

NHy gas sensing

CO, gas sensing
Monovalent cation
COy gas sensing

NHj gas sensing

Gel entrapment
Covalently bound
Covalently bound

Gel or dialysis
membrane entrapment

Covalently bound
Gel entrapmen:
Gel entrapmen:
Gel entrapment

Dialysis membrane
entrapment

Dialysis membrane
entrapment

Dialysis membrane
entrapment

Dialysis membrane
entrapment

Covalently bound
Dialysis membrane
entrapment
Covalently bourd
Gel entrapment
Covalently bound

Covalently bound

Dialysis membrane
entrapment

Covalently bounid

Dialysis membrane
entrapment

Adsorption and dialysis

5x10-5-1x10-1
Ix1-4-1x10-2

Ix10-1~1x10-2

5x10-9~5x10-3

Ix10-5~1x10-2
Ix10-3~1x10-1
Ix1079~1%x10-3

Ix10-4~5x10-2

Ix10-4~1x10-2

Ix10-4~1x10-2

Ix10-1-5%x10-2

Ix10-4~1x10-1
Ix10-1-1%x10-

Ix10-4<5x10-2

oo

Ax10-3~1.5x10-2

Hx 1079~ 1x10-2

Bx 1075 ~8x10-3

Ix10-4<2x10-8
Ix10-4~1x10-3
Pk 108

Tx 10

Bx10-P— | 5x10-2

Urie acid Uricase (E.C. 1.7.3.3) CO. gas sensing membrane entrapment Ix10-4-25x10-73
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Table 3. Characteristics of microbe sensor.

Substances Bacteria Electrode Stability 'Resp(m'se Measuring concentration
(day) time (mins)  range (mg/f)
Glucose Pseudomonas {luorescens O, 14 10 5-2x 10
Ethanol Trichosporon brassicae Oy 30 10 5-3x 10
Glutamic acid Escherichia coli CO, 20 b) 10-8 x 102
Lysine Escherichia coli CO., 14 ) 10-102
Glutamine Sarcina flava NH,q 14 5 20-103
Arginine Streptococeus faecium NH, 20 10 10-170
Aspartic acid Bacterium cadaveris NI, 10 5 5x 10 1.90
Nicotinic acid Lactobacillus arabinosus pH 30 60 10-2-
BOD Trichosporon cutaheum 0, 30 10 5-3x10
Vitamin B, Escherichia ¢oli 0, 24 4 5.1x10-2-2.25x10-!
Table 4. Characteristics of domestic microbe sensor.
Substances Bacteria Gas-sensor Linear range (M) Slope (mV/decade)
urea Proteus vulgaris CO, 7.0x10 -1-5.0x10~2 45
urea Proteus vulgaris NH, 3.0%x10-L7.0x10-2 HY.1
[-asparagine Proteus vulgaris NH, 3.0x10-1-3.0x10-2 52-55
L-leucine Proteus vulgaris NH, 50%x10-71.0x10-2 47-51
DL.-phenylalanine Proteus vulgaris NH, 3.0x10-4-1.0x10-2 40-43
L.-methionine Proteus vulgaris NH, 7.0%x10-4-3.0x10-¢ 53
L-nsparagine Proteus vulgaris CO, 5.0x10-4-3.0x10~-2 28
L-leucine Proteus mirabilis NH, 3.0x10-4-1.0x10-2 46
urea Proteus mirabilis CO, 7.0x10-143.0x10-2 46
L-asparagine Proteus mirabilis NH, 1.0x10-2-9.0x 10-" 57.5-68.9
[L-alanine Proteus vulgaris NH, 1.0x10 - +1.0x10-2 40
Li-glutamine Proteus vulgaris NH, 5.0x10-5-1.0x10-3 30
L-arginine Proteus vulgaris NH;, 1.0x10-4-3.0x10-2 52-H5
cytosine Proteus mirabilis NH, 1.0x10-%5.0x10-2 45-48
Folslol ol 4Eebe Ag2es AN A5l i HEEeR Qald daddE Al
Sl E SFe] Aggel, olsbee] 7ol Spyatel
vl Sl Aoll4= (12,133, ¢a£(14), 7l o] R A A E ol ofo] AEElul k)
AH(15) W ofu| i Ab4l AT (16-18) 5ol 2lvh, 2 o, BOD ZA-22] vl &AM b 47kl sy
emub AW Psendomonas fluovesence i o|vt wlgme] {vlE s EHo| sbsaleh(19).
Sioba, ALAlsh Slel Ha oltelln wWEEASel ALEEw, ool
wrlglon], o 4laliz & elidtelell 1] el o]&8l Aolr %
LHPF T oabel vt givk, Fig.7 & e[ 42«2l G-gFoks viepd o]
LI I)Z(/l()\]‘)())())l brassicae 3= EFEE Al ch,
Seree il oldlul AgmSa vl §% slwold wEl eldgddel EFel 538
sAshalel fhi el Wrhala, l4EE o Table 3ol shelRalst,
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Table 5. Characteristics of various organelle and tissue sensors.
Sensors Bio-materials Base electrode Stability I{esponjse time Measuring concentration
(days) (min) range (M)
Glutamine Porcine kidney NH, 28 5-7 2x10-25x10-"
30 7 6.7%10-%6.0x10-5
Mitochondria NH; 10 6-7 5.6x10-3-1.0x 10-4
Adenosine  Mouse small intestine  NH, - 11 1.9x10-5
Glutamate Yellow squash CO, 7 10 1.2x10-22x10-4
H.,0. Bovine liver 0. 8 1 10-5
Guanine Rabbit liver NH, 7 mounths 2-3 1.0x10-2-1.12x10-5
Tyrosine Sugar beet 0, 8 5-10 30-900 M/
Cysteine Cucumber leaves NH, - - 10-5
Urea Jack bean meal NH, 3 mounths 0.5-6 1.5x10-3-3.4x10-5
Dopamine Banana 0O, - 30-40 sec 0.2x1.2mM
A Azl ested ol 7bgo] sbsetan ol
reference Fol ¥ Bl B4 £ AUk, w0l 2
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