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Flow injection analysis of hydrogen peroxide using immobilized oxidase enzyme 

reactors are useful for the determination of trace amounts of biological su- 

bstances in serum and foods, such as glucose, oxalate. . Recent examples of 

reserch in these areas are presented ih this review. 





PE
AK
 

C
U

R
R

EN
T 

W
A

I,
 



Figure 3 Schematic representation of a posslute morphology of the 
biosensor surface. 

---+ scan 
Fig. 4 Flow-injection current/time profiles of s bare plali- 
w m  electrode (a) and poly~l,2-<iia~n6beozene)-coated 
platinum electrode (b) to the following: A, H,0; (0.45 mM); 
B, commercial wine; C, 1 :4 diluted wine. A 5-pi aliquot was 
injected inlo the single channel FIA system (Fig. la) without 
the immobilized enzyme reactor. The carrier solution (0.1M 
phosphate buffer, pH 7.5) was pumped at a flow rate of 

1.0 ml/rnin. 



Fig. 5 (e) Single channel F1A nunifold used for optimiz- 
ation of parameters. (b) F 1A manifold used for the rimul- 
Utncous determination of sulfilc and phosphate. A. At. A2 
and A3: carrier solution; B: pump; S: injector; D: delay 
mil: El: sulfiie oxidzse immobilized reactor- E2: purine 
nudeoside phosphorylase/xanthine oxidase co-immobilized 
reactor; P: poly(t,2diaminobeiiizcne)-coated platinum 

electrode. 

Fig. 6 Schematic diagramof the flow system and (he connec- 
tion oflhe.tarnple loops, GluOD reactor and blank mlumn-to 
the sixieen-way sriuhingmhe. L,, La, sample loops; GluOD, 
GluOD reactor; Blank, blank column; C, carrier solution (0.1 
M phosphate buffer. pH 7}: S, sample; 0, detector; W, waste. 

TABLE 1 

Results for samples nnalysed by the proposed method and 
L-glutamate kit method 

7~Z:WlJi=ML, @%gf.~ L ? J ~ A ( E  Sample L-Glutamatic acid found (%) 

Proposed L-Glutamate 
method kit method 

Soup for "Tamago-dofu" 1.27 1.25 
T Ã ˆ L S I < S S ~ ~ S S ~ ~ W  Soup for buckwheat noodle 0.48 0.50 

Soup for Japanese noodle 0.40 0.44 
"Ponzu" . 1.05 1.06 
Soy sauce (common)- 0.88 ' 0.88 
"Gyosho" 1.01 1.12 

53@%U&ffl L^iSR^@Gti~us~ % 'Gyosho" plus soy sauce 0.92 0.93 
Soy sauce (light wlour) 1.59 1.64 
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ti 1) i^+gt~peroxidaseCPODl f l f f l  tl b t1.6 W m 0  
H 2 0 2 + luminol + 2 O H - - 3-aminophthalate + N 2 + h v 
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s^zT'b&o m%, (2.4,6 b 'J 9 UU~A^-I!/)  &+yL/- K ~ f i ~ S ^ i S ' > a . ~ @ $  

C-C + F - F*+ 2C0, 
0-0 1-1 



0.8 rnl min-* 

Fig, 7 Manifold for the enzymic dctcrmination of lactose in milk. P, Pump: IV. injection valve: DU. dialysis unit: R1. immobilized 
p-galaciosidase reactor; Rim co-immobilized GOD-mutarolase mactor: D. dctector: W. wastc: and C, computer 

~ ~ b l ~ a  Optimum conditiom for the chcmiluminesccnce enzymic FI 
determination of lactose 

Parameter Optimumcondition 
Phosphatebuffer concentration 0.06moll-' 
Phosphate buffer pH 7.6 
Luminol concentration I x 10-'mol I-' 
~xacyanoferrate( i i t )  concentration 8 x 10-'moll-' 
Sample loop size 70 pl 
How rate 0.8mlmin-' 
Rcstriciorlength 4.0m 



b&%GSJS. L8!1%S & S o  
<D creatinine + Hi 0 - creatine 
(D 

creatine + H2 0 - 
sarcosine + urea 

0 ~arcosine + 0 2  - glycine + 
HCHO + H2 0 s  

(DCNH : creatininase, 

: creatinase 

@SAO : sarcosine oxidase 

Fig. 8 Calibration graph (!dl) and rcconler irate (co-immobi- 
Bad CNH-CRH-SAO column) (right) for creatininc obtained 
with a FIA chemiluminescence lyslem using immobilized en- 
zyme columns. Â - Co-immobilized CNH-CRH-SAO col- -- 
lima; 0 -scquenlial CNH-CRH-SAO column; A - mixed- 
bed CNH-CRH-iicqucn~ial SAO column; A - mixed-bed 
CNH-CRH-SAO column. 

<D phospholipid - phosphatidic acid + choline 
Q choline + 0,- betaine + H a  O z  

(D phospholipase D: PL-D @ eholine oxidase : COD 
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Kg. ? Schematic Diagram of FIA System for 
Determination of  Phospholipids 

R. lumbol dm1 ( 1 0 ~ 1 u  Iuminol d 4OUfI 
POD in 20 mtf bonic buffer, pH 9.4); C carrier sotu- 
lion (0.2X Triton X-lb0 and 30 mx GCI, In 2 m u  - 
borau bulTcr, pH 8.4); P, pump. S, sample injector 20Ã§i 
(20 PI); EC. enzyme column; 0. chemiLumincuxnce 
detector; TZ, thermoiut ba~b ( 5 ~ ;  TS. ihetmonat 
h u b  (lf0; W. wutc. 

Fig. 10- Typical Chromatogram for tho Standard 
Phospholipid Solution 

^7 7AM&^Ãˆe;fe I AT-ti. -ElrÃ̂ D%WBtRfe6< 



10 mM lmldazole 0.8 m M  Tcpo 2x10-' M TMP 
buffer, pH 7 In CH sCN In CH&N 

Fig. / I  Flow-injection system with chemiluminescence detec- 
tion. P, pump; I ,  injector; M, mixing tee; D, detector; and 
IMER, immobilized enzyme reactor. 

Fig. 1 2 Record5r responses for astandard glucose solution (A) 
and spiked serum (B). Numbers on the signals indicate the 
concentrations of standard glucose solutions (A) or those 
spiked in serum (B). 
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Fig. 13 Flow diagram 01 t l~e  FIA system for 0 ~ a I a k  
detcmi~alion u s i n ~ m  immobilized oxalate oxidase column 
reactor. CS. 0.05 M succinatc buflct (pH 3.0): US. 30 p M  
=-TVyP reagent; S. &way sampling valve (20plg T. 
tlaemostat bath (75"); MC, mixing coil (0.5 mm i.d., I5 m 
long); D, spcctropholomcler (450 nm). 

Fig. I + ~ ~ ~ i c a l  mponse cum for oxalate. , m e  injection 
volume of each sample wm 20 pL a, 5pM; b, IOpM*. G - 
20pM; d, 5OpM; e, 100pM. 
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