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Fig. 1 Schematic diagram of measurement system

a: peristaltic pump; b : air damper; c: sample
injection port; d: urease tubular reactor; e:
NHA,+ ion selective electrode; f: reference
electrode; g : amplifier; h : strip chart recorder
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Fig. 2 Effect of pH on the response of urea and the
conversion efficiency of urease reactor

Solid lines : e.m.f. output changes; Broken lines:
conversion efficiency; Urea concentration: 10
mM (@, W), 50mM (O, [O);

-volume : 20 pl; Mean flow rate: 1.0 ml min~
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Fig. 3 Effect of flow rate of the carrier on peak height (a) and conversion

efficiency. (b)

(a): 1.0mlmin~' (O), 20 mimin~' (@), 3.4mimin ' ((J); (b): 10
mM urea (H), 25 mM urea (&), 50 mM urea (4); Sample volume :

20 ul; pH of the carrier: 6.5
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Fig. 4 Effect of sample volume on the output of the
present system

Urea concentration : 10 mM (@), 256 mM (O)

Table 1 Standard conditions of the present method

20 mM
Na,HPO,-NaH,PO,

1 mM EDTA disodium salt
200 mM Dp-sorbitol’

Buffer carrier solution

pH 6.5
Mean flow rate 1.0 ml min™"
Sample volume 20 pl
Reactor tubing 1.0 mm i.d.

2.0 m length
Coil 78 turns

0.9 cm, diameter

t p-Sorbitol was added to balance the osmotic pres-
sure of the carrier solution with that of sera.
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Table 2 Reproducibility of the present method (z
=10)

Average
Sample emf/mV SD/mV  RSD, %
10 mM NH, ™ 26.0 0.19 0.72
25 mM urea 61.9 0.40 0.65
Control serum’ 29.3 0.35 1.19
1 Consera (Nissui Pharmaceutical Co., Ltd.)
Table 3 Results of recovery test
Urea concentration!/mM Recover
Control serum ccoyery,

Total Added Recovered %

Consera 63 0 — —
9.2 3.0 2.9 96.7
159 10.0 9.6 96.0
30.0 25.0 24.7 98.8
Seronorm 8.7 0 — —
19.6 10.0 10.9 109
39 0 — —
Calibrate, Level 1 13.7 10.0 9.8 98.0

t Urea concentrations in control sera indicated by
the manufacturers were as follows : Consera, 6.1
mM ; Seronorm, 8.2~10mM ; Calibrate, Level 1,
3.2 mM. Control sera were obtained from Nissui
Pharmaceutical Co. (Consera) and General Diagnos-
tics {Seronorm and Calibrate, Level 1).
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Table 4 Long-term stability of urease reactor®

Elapsed time/d

0 5

7 21 27 35 48

Conversion efficiency (%) 91.5" 84.09

80.2 85.9 84.0 86.0 83.0

a) the urea concentration used for the test was 50 mM. b) before cellulose coating. ¢) after cellulose coating.

Table 5 Determination of serum urea by two
methods

Determined urea concentration/mM

Sample
No. Present method  Urease-indophenol method
1 7.9 7.5
2 6.4 6.4
3 4.2 4.3
4 5.3 5.4
5 4.1 4.3
6 5.1 5.4
7 3.6 3.9
8 4.3 4.6
9 4.2 4.6
10 3.9 4.3
11 5.7 ' 5.7
12 4.9 5.0
13 4.4 4.6
14 3.2 3.2
15 3.9 3.9
16 6.3 6.1
17 2.4 2.1
18 4.9 5.0
19 6.0 6.1
20 4.9 5.0
Y X

Regression line Y=—0.2742+1.0378X
Correlation coefficient »=0.986

The values are the average of two determinations.
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Determination of serum urea using an open-tubu-
lar immobilized enzyme reactor. Kenji Yasupa and
Yoshinori Takata®  (Central Research Laboratory,
Hitachi, Ltd., 1-280, Higashi-koigakubo, Kokubunji-shi,
Tokyo 185; *Present address : Naka Works, Hitachi,
Ltd., 882, Ichige, Katsuta-shi, Ibaraki 312)

An open-tubular enzyme reactor and an ammonium
ion selective electrode using nonactin were prepared and
connected sequentially to determine serum urea by flow
injection ‘method.
surface of aminosilanized silicone rubber tubing. The
effects of sample size, pH value and flow rate of the car-
rier solution on the enzyme reactor were investigated.
The following practical standard conditions for the
measurement were decided; sample size: 20 ul, pH
value: 6.5, and flow rate of the carrier solution: 1.0 ml
min~'. The calibration range for urea concentration
was from 2.0 up to 300 mM. The relative standard de-
viations for 10 replicate measurements of a urea standard

Urease was immobilized on the inner
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and a control serum were 0.65% and 1.19%,

respectively. Long-term stability of the urease reactor Keyword p hr.‘ases
was improved by coating thin film of cellulose acetate = open-tubular immobilized urease reactor; ammonium
over the whole immobilized enzyme layer. The ion selective electrode; FIA; serum urea determination.

measurement system was applied to serum samples from
20 healthy women. Good correlation between the pre-
sent method and colorimetry was observed.
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