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Fig. 1. FIA systems with immobilized enzymes
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Table 1 Use of immobilized enzymes in FIA

Substances Detected .

measured Enzymes species | Detection References
L-asparagine L-asparaginase NH3 potentiometry 5

ATP firefly- ATP/photon  bioluminescence 6

cephalospolines cephalospori-

chdline

cho]inesterasé
cholesterol

creatinine

ethano]

galactose

glucose

luciferase

nase B-Tactam ring
choline oxidase HZOZ
choline oxidase choline
cholesterol-
esterase and
cholesterol H0
oxidase 2°2
and peroxidase H202
H202/photon
H0,
creatininase NH3
and nitrifying 0.
bacteria 2
alcohol :
dehydrogenase NADH
NADH
NADH 4-
and diaphorase Fe(CN)6
alcohol oxidase O2
03
heat of
reaction
galactose
" oxidase H,0
H202
2°2
glucose oxidase H202
heat of
reaction -
Hy0,
H202/photon
and peroxidase H202
Hy0p

cleavage of

photometry 7

amperometry 8

enzyme electrode 9, 10
amperometry 8, 11
photometry 13

chemi-

luminescence 14

enzyme electrode 15
potentiometry 16

enzyme electrode 17
photometry 18
fluorometry 12
amperometry  19,20,21,22
amperometry 23
amperometry 24

enzyme electrode 25,26
calorimetry 25
photometry 27
amperometry 8
amperometry 8,28
calorimetry 29

enzyme electrode  30,31,32

chemi-

lTuminescence 33,34

- photometry 35
enzyme e1e;trode 36,37

— 117 —



Table 1 continued
Substances Detected Detection References
measured Enzyme species
glucose
dehydrogenase NADH amperometry 66
NADH photometry 35
glutamate glutamate
dehydrogenase NADH amperometry 19,20
glycerol glycerol
dehydrogenase 4-
and diaphorase Fe(CN)6 amperometry 23
hypoxanthine xanthine oxidase O2 enzyme electrode 38
H,0 peroxidase H,0 photometry 39,40,41,42,
272 272 23
HZOZ/photon chemi-
luminescence 44
inorganic pyruvate oxidase
phosphorus  and peroxidase H202 photometry 45
lactate lactate
dehydrogenase NADH photometry 46
NADH flucrometry 67
NADH 4- amperometry 20,47
and diaphorase Fe(CN)6 amperometry 23
lactate oxidase 02 enzyme electrode 48
lactate
dehydrogenase pyruvate oxidase NADH photometry 49
pyruvate enzyme electrode 50
" NAD(P)H NAD(P)H:FMN
oxidoreductase
and bacterial
luciferase NAD(P)H/photon bio-
luminescence 6,51
oxalate oxalate oxidase H202 photometry 52
oxalate
decarboxylase CO2 FID 53,54
phospholipid  phospholipase D 1lecithin enzyme electrode 55
steroids 3d-hydroxysteroid
dehydrogenase,
A-hydroxysteroid
dehydrogenase,
7¥-hydroxysteroid
dehydrogenase,
and 12-hydroxy-
steroid
dehydrogenase NADH photometry 56
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Table 1 continued

Substances | Detected .
measued Enzyme species Detection References
12a-hydroxysteroid
dehydrogenase,
bacterial
luciferase,and
NAD(P)H:FMN oxido-
reductase or
diaphorase NADH/photon  bio-
luminescence 6,57
triglyceride 1lipase heat of
reaction calorimetry 58
urea urease NH3 photometry 59
NH3 potentiometry 60
CO2 - coulometry 61
heat of
reaction calorimetry 62
enzyme electrode 31,63
uric acid uricase 02 amperometry 64

" and peroxidase H202 enzyme electrode 65
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Fig. 2. Long-term operational stab111ty of: (a) glucose
oxidase immobilized on Lichrosorb-NH, by the glutar-
aldehyde method; (b) uricase 1mmob11?zed on controlled-
pore glass by the g]utara]dehyde method (c) glucose
oxidase in solution; (d) uricase.¥n solution. AT11
curves normalized to 100% act1v1ty at the time of
preparation.
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Fig. 4. Response for glucose of chemically
modified enzyme membrane electrode

(a):
{b):

steady-state response, 10 5 M glucose
FIA signals for duplicate injections
(5 u1) of five standard solutions of
glucose (50 - 400 mg/d1) followed by
two sera and repetition of the five
standard solutions '
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Fig 10, HPLC system for amperometric
detection of acetylcholine and choline
with the immobilized enzyme reactor

{1)mobile phase(0.01M sodium acetate
buffer, pH 5.0, containing 10 mg/1 sodium
octyl sulfate and 1 mM tetramethylammonium
chloride); (2)HPLC pump, 1.0 ml/min; (3)
injector; (4)0DS-120T column; (5)pump,

0.5 ml/min; (6) 0.3M phosphate buffer, pH

8.5, containing 0.5 mM EDTA; (7) mixing -

coil; (8) immobilized enzyme column; (9)
flow-through platinum electrode; (10)
potentiostat; (11) recorder,
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Abstract

Enzymes offer two characteristics of paramount importance
in analytical chemistry: generally high selectivity
(occasional specificity), and capacity of self-regeneration
via the catalytic cycle. The immobilization of enzymes provides
preparations that combine high selectivity with increased
stability. In addition, if the immobilized enzymes are used in
a Tlow injection system, handling is minimized, reproducibility
is enhanced and the enzyme can be re-used. In this review,
research on the use of immobilized in flow injection system is

discussed in detail.
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