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A convenient and rapid analytical system for food components responsible for food
quality was developed based on the use of immobilized enzymes and microorganisms.
First, an analytical system for superoxide dismutase (SOD) activity was constructed using
the combination of an immobilized enzyme with flow-injection analysis (FIA). In this
system, the immobilized xanthine oxidase played the role of a generator of superoxide
anion; the sampling frequency was about 30 samples/h. Next, a novel analytical format
was proposed involving a combination of immobilized enzymes with a 96-well microtiter.
plate. An alternate and repeated deposition of avidin and biotinylated enzyme was use-
ful for enzyme immobilization with high activity and stability. Immobilized glucose oxi-
dase under the optimized conditions was applicable to glucose determination, and the
acitivity was retained during storage for 6 months and 50 successive determinations.
The ability of microorganisms to recognize a given group of substances is useful for
exploiting novel analytes. An example was indicated by the development of a rapid and
convenient analytical system for short-chain fatty acids using immobilized Arthrobacter nico-
tiana-FIA. A sample throughput of 20 samples/h was achieved, and the obtained
response showed a linear correlation with the total concentration of Cs.9 to Cia.0. The
response was also partly related to the somatic cell count in raw-milk samples (n =150),
suggesting that the system should be applicable to detecting mastitis milk. The applica-
tion of immobilized Psuedomonas putida to the determination of organic acids in wine is
also described, in which the relationship between the specificity and the carbon sources
used in the growth medium was investigated.

Keywords : immobilized enzyme; immobilized microorganism; flow injection analysis;
microtiter plate assay; food analysis ; review.
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Fig. 1 Principle of the SOD assay based on the use
of XTT'
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Fig. 2 SOD inhibition curves using XO/NBT (H
and the XO/XTT system (@)®

The reaction mixture contained 2.5 ml of 50 mM
carbonate buffer (pH 9.4 and 10.2) or 50 mM phos-
phate buffer (pH 8.0) and 0.1 ml each of 3 mM
EDTA, 3 mM xanthine, 56.1 mU/ml XO, 0.75 mM

- XTT, and sample solution containing SOD concen-
tration shown at abscissa.
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Fig. 3 FIA manifold for SOD assay'”
P: pump; AD: air damper; IV: injection valve; D:
detector
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Fig. 4 A typical response curve of SOD prepara-

tion'”

The experimental conditions were as follows: carri-
-er solution, 50 mM carbonate buffer (pH 10.2);
hypoxanthine concentration, 2.0 mM; XTT concen-
tration, 2.3 mM; flow rate, 0.4 ml/min. A, 0; B, 1; C,
10; D, 50; E, 100; F, 500; G, 1000; H, 2000 pg/ml
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phenyl)-2-(4-nitrophenyl)-2 H-5-tetrazolio]-1,3-benzene
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nitrophenyl)-2-(4-nitrophenyl):2 H-5-tetrazolio]-1,3-ben-
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Fig. 6 Stepwise deposition of avidin and biotinylated glucose oxidase (B-GOD) on a

microtiter plate surface™
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Fig. 8 FIA system for determining short-chain fatty
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POT': potentiostat; REC: recorder
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Fig. 9 Relationship between the FIA response and
the somatic cell count of raw milks (n = 150)"
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Fig. 10 Selectivity of the microbial electrode-FIA
system using a microorganism cultivated in a medi-
um containing L-lactic acid®”

T: 10 mM 1-tartaric acid; M: 10 mM r-malic acid;
L: 10 mM v-lactic acid; S: 10 mM succinic acid; E:
10% ethanol. FEach response was determined at
(a) 130 min and (b) 400 min after the fixation of
the microbial electrode into FIA system.
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(RFEWEHE) ; JiE 0.5 ml/min; F ¥ U ¥ — W pH 8. =

NOEDOEMETIZ05~5.0mM OHPHT LABIBEL Y

— 7 BHLE & OBICHBEIREL 0.998 DERRBILRAERD 5
n, 1M 15 RO SH T TH -7 (Fig. 11).
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NI | -El ectronic Library Service



The Japan Society for Analytical Chemistry

190 BUNSEKI
g
@)
= f
D
=
e e
d
) C
o
3 b
TAMMLLAL
-—
Scan 10 min

Fig. 11 Typical response curve for 1-lactate®”
a;1;b,2;¢,3;d,4;e,5;f,7.5; g, 10 mM

BIFR—BAIBOLN, KVAFARANTTA YHOD
LAREZE2TELZ RSN,

—7, AVIBABTERL P. putida 1 -V ¥ T
LanyBIZEWREERLES, T4 vhicegTha
10% =% 7 —, RO -2LERIC S MBI K & 72 PRI G
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oz, eBREOTA VEBETHWTLY YO E O
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A, BETL LEARE LLBROBEEIRD SN
9, WEORICHBIRE 0.969 OE MBI RARL L 72,
Weo T, REEYBEBORTREZTIA vHO L) T
BLansBOGTHEEEZRBRT LI LBHLNE R o
7z,

PLEORRIE, BELEOMEICLY, P putidd 138
2o 72 REER IS B E B ALY - FIA ¥ A 5 A D45
FRAIALE LCRETELZ LR RTONTH .
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Fig. 12 Selectivity of the microbial electrode-FIA
system using a microorganism cultivated in a medi-
um containing meso-tartaric acid®”

T: 10 mM i-tartaric acid; M: 10 mM L-malic acid;
L: 10 mM 1-lactic acid; S: 10 mM succinic acid; E:
10% ethanol. The used carrier solutions were (a)
0.2 M phosphate buffer (pH 8.0), (b)' the buffer
containing 0.01% ethanol and (c) the buffer con-
taining 0.01% ethanol and 0.05 mM 1-actic acid.
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B Bk, EE CMEWZRE L2, ERRSOMS - RGP A7 LOREETo72. LD
WCEEBRELE 70— Iz 7 va vt (FIA) YAT A ELDMAEDLET, EMOEAHTERRE
HFDO—DTHBEA—IN—FF Y FIRALY—F¥ (SOD) GHOFHN L AT 2 EBIEL/. KV AT A
A =N—FF ¥ FIEA F v OFECHEEILF 7 VB BRI LR BN 2 ETHY, 1
BARD SRR 2 AN TH - 72, RiZ, BELZEELLA 2707 L— s 2FHT 28 Lot
VAT ADREERAI. TEY V-EFF UEBEICLY TV RICEEL L7270V o — AER{LEE
REIEVEELZRL, BERFOINVI—AGHICOEHTERTH 72, BIEREE, gt
BENTHY, 50 MDY R LHAEE PEMOZRRFETHHBEOVETEIRO SN 72, HMEY
BET AL — 7 ZEEREEHHESTEE OBIRICR LD, 2081 LT, BB Arthrobacter nico-
tiana-FIA ¥ A7 B2 & ZEBIBIFR O S - ST AT 2 OBEET o7, RV ATFTATHELN
BIBEE, FHAOBBROREE ShbREB 455 12 OEBIEHROBEDGFHE & & HBEZR
L, 1 BEOSHEERIEN 35 THholz. RV AT ADBKIZELTOEMBEE L —EOMBEZRL,
FLERILOMBICDEHWER TH 5 2 L AR I Nz, BIZEEAL Pseudomonas putida %7 A ¥ HDH
BEBOGHICHE L2V AF AW T N5,

NI | -El ectronic Library Service



