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Fig. 2-1
Apparatus for measuring membrane strength:

1, wet PVC membrane (43 mm/diam.); 2, membrane

holder; 3, load cell (15 mm/diam.).
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Fig. 2-2

| Apparatus for measuring diffusivity of AchlI:
1, wet PVC membrane (36 mm/diam.); 2, diffusion cell;
3, masterflex pump; 4, recycled AchI solution; 5, Na
phosphate buffer (0.05 M, pH 7.0); 6, sample solution
including AchI; 7, magnet; 8, water bath (25 °C).
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Table 2-2 Porous PVC membranes obtained by using various

organic solvents as leaching media

Leachingly Membrane Filtrationz) MolecularB)
Medium ' Structure Rate Cut~off
(ml/min/cm?)
methanol wet 0.14 85,000
ethanol wet 0.07 130,000
n—-propanol wet - 0.055 | 60,000
~iso-propanol . wet 0.055 80,000
n-butanol wet 0.024 40,000
t-butanol wet 0.050 85,000
peme?) wet 0.14 180,000
glycerol not obtained - -
n-dodecane not obtained - -
methanol/water finger-like 0.40 >480,000
(9/1)
methanol /acetone wet 0.30 140,000
(8/2)

1. The experiments were carried out under the conditions

as follow ; PVC concentration (10wt%), evaporation
time (5 min), 50 %RH and 25°C.

2. Differential pressure was 2 Kg/cmZ.
3. When protein rejection of 50% was observed.

4. Diethylene glycol monomethyl ether,
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Protein rejection curves by using the wet PVC

membrane prepared from the various PVC concentrations:

(0) 6 wts; (®) 8 wts; (0) 10 wts.
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Stability of the f-glucuronidase-PVC membrane
to urea. The @—glucuronidase-PVC membrane was
incubated in 4 ml of various urea solutions ( pH
4.5, 0.1 M acetate buffer) for 2 hr at 25 °C.
The amount of the enzyme-PVC membrane was deter-

mined by the method of micro-Kjeldahl.
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Schematic diagram of the enzyme electrode for
the determination of glucose: 1, Oxygen electrode;
2, recorder; 3, Teflon membrane; 4, glucose oxidase-
polyvinylchloride membrane (40 um); 5, nylon net; 6,

sample solution; 7, water jacket; 8, O-ring.
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Effect of incubation time of the wet PVC membrane on
the activity and the amount of the enzyme immobilized.
The immobilization of glucose oxidase was carried out

under standard conditions except for the glucose oxidase
concentration (10 mg/dl) employed.
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Effect of the glucose oxidase concentration on the
activity and the amount of glucose oxidase immobilized.
The immobilization of glucose oxidase was carried out
under standard conditions except for the various glucose

oxidase concentrations employed.
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Fig. 3-4
pH Stability of the glucose oxidase-PVC membrane (@)

and native glucose oxidase (O). The immobilization of

glucose oxidase was carried out under standard conditions.
The GOD-PVC membrane (dia. 6 mm) was incubated in 10 ml of
various buffer solutions (pH: 4.5, 5.5, 6.0, 6.9 and 8.7;

0.066M phosphate buffer) for 24 hr at 25 °C.
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Thermal stability of the GOD-PVC membrane (@) and native
glucose oxidase (0). The experimental conditions were the
same as those in Fig. 3-4 except for the temperature and

pH of the buffer solution (pH 5.6) employed.
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oxidase(0) to sodium chloride. The experimental conditions
were the same as those in Fig. 3-5 except for the temperature
(25 °C) employed.
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Calibration curves of the enzyme electrode.
Preparation of the GOD-PVC membrane and the determination

were performed under standard conditions.
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Table 4-1

Activities of various immobilized @—glucuronidase.

Carrier . Binding Specific activity
mU/cm2 mU/g wet car.
Wet PVC membrane Adsorbed 1.1 300
Silica gel Adsorbed - 27
Polystyrene tube Adsorbed - 0
SP-Sephadex Ionic - 16
DEAE~Sephadex Ionic - 0
Collagen Entrapment 0.1 iO
Carrageenan Entrapment - -
CNBr-activated Covalent - 120

Sepharose
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Fig. 4-2 Effects of 8-glucuronidase concentration in an

immersing solution on the specific activity,

Immobilization; PVC membrane(29mm diameter)
0.1M acetate buffer(pH 4.5),immersion time 1 h,
immersion temp.20°C, Assay; Fishman method using

phenolphthalein glucuronide as a substrate.
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Fig. 4-3 PH

pH stabilities of the B-glucuronidase-PVC membrane

‘and native B-glucuronidase. The immobilized RB-
glucuronisase (diameter: 0.565 cmz, 1.3 mg, 1.1 mU/cmZ)
and 2.0 mg of native B-glucuronidase in 10 ml of various
pil buffer solutions (pH 2-3, 0.1 M glycine buffer

pH 3.7-6.0, 0.1 M acetate buffer, pH 7.4-7.9, 0.1 M

phosphate buffer) were incubated for 5 hr at 25°C.
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Fig. 4-4

Thermostabilities of the B-glucuronidase-PVC membrane
and native B-glucuronidase. The B-glucuronidase-PVC
membrane (diameter: 0.565 cmz, 1.3 mg, 1.1 mU/cmz) and
native B-glucuronidase (20 mg/dl) were incubated for

4 hr at various temperatures.
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Fig. 5-2 |

Effect of g -glucuronidase activity on the time
course of 17-0OHCS glucuronide hydrolysis.
26 (), 52(0®), 130(0) and 260(®) mU of @—glucuronidase
were used and the reaction mixtures were incubated
at 37 °cC.
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Fig. 5-3

Time courses of hydrolysis at various initial
17-0HCS glucuronide concentrations.
g—Glucuronidase (260 mU) was added to urine treated
as described in the text and incubated at 37 °C.
The concentrations of 17-0OHCS resulting from complete
hydrolysis by g-glucuronidase are: 2.10(0); 4.26(@)
and 6.10(0) mg/liter.
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Fig. 5-4

Effect of enzyme-tube inner diameter on the time
course of 17-0HCS glucuronide hydrolysis.
Hydrolysis was performed with an immobilized enzyme
activity of 170 mU/tube at 37 °C. Tube diameter:
1.2(0); 1.85(0) and 2.4 mm (@).
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Fig. 5-5

Effect of urine flow rate on the time course
of 17-OHCS glucuronide hydrolysis.
Hydrolysis was carried out under the standard
conditions described in Fig. 5-4 except for the
flow rates employed: 0.50(0®); 1.0(0) and 3.0
ml/min (@) .
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Fig. 5-6
Effect of urine volume on the time course of
17-0HCS glucuronide hydrolysis. Hydrolysis was

carried out under the standard conditions described

in Fig. 5-4 except for the volume of urine employed:
10(0); 5(®) and 2.5 ml(e).
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Fig. 5-7

Effect of sample volume devided on hydrolysis

of 17-0HCS glucuronide by a enzyme tube:

V4

10

Enzyme tube (30 m x 1.2 mmg) 4520 mU/tube,

flow rate 1.0 ml/min, total urine 20 ml.
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Fig. 5-8

Effect of protein in urine on the measurement
of urinary 17-0HCS. Hydrolysis was carried out
under the standard conditions described in Fig. 5-4.
(O) Deproteinized urine; (@) urine containing

proteins.
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Fig. 5-9

Comparison studies of the proposed method
and the conventional method for 17-0OHCS determination.
Hydrolysis using the enzyme-tube procedure was
carried out under the standard conditions decribed

in Fig. 5-4.
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Fig. 6-~1

Block diagram of the Stark cavity ammonia detector:

1) micrometer; 2) movable short; 3) crystal detector;
4) Stark cavity cell; 5) Stark electrode; 6) coupling
iris; 7) tuning screw; 8) Gunn oscillator; 9) Gunn
power supply; 10) Stark voltage supply; 11) lock-in
amp; 12) recorder; 13) inlet; 14) outlet.
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Fig. 6-3

Typical response curve of the system.
The experiments were carried out under standard
conditions: 1) ammonia sulfate solution (ammonia
10.0 mg/L; flow rate 0.32 mL/min); 2) 6N NaOH
(0.16 mL/min); 3) air (0.42 mL/min).
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Effect of the sample volume on urease activity.
Reactions were carried out under standard conditions
described in experimental section except for the
sample volume employed.
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PH Activity profiles of the urease-test tube
(0) and native enzyme (@). Other conditions than

PH of the reaction mixture were the same as Fig. 6-3.
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pH Stability of the urease-test tubes (0) and

native enzyme (@) . The experiments were performed

for 4 h at 37 °C. The assay conditions were the

same as Fig. 6-3.
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Figure 6-7 Effect of concentration of sodium hydroxide

on the output of the system.

A sample solution was prepared as follows :
The enzymatic reaction solution containing
0.05 mL of control serum (500 mg L-1: urea
nitrogen) and 0.45 mL of the buffer in the
urease-test tube was allowed to stéﬁd for 10
min at 37t. After reaction, the sample solution
was diluted with 2 mL of the buffer solution.
Other conditions than alkaline concentration

were the same as Fig. 6-3
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Fig. 6-8

Effect of flow rates of 6N sodium hydroxide
on the output of the system. The conditions
than the flow rate of the alkaline solution were

the same as Fig. 6-3.
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Fig. 6-9

Effect of flow rates of the sample solution

on the output of the system. Other conditions

than the flow rate of the sample solutions were

the same as Fig. 6-3. The sample solution

used was the same as described in Fig. 6-7.
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Table 6-1

Effect of Interference Substances
to the Output of the System.
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Interference Substances Ammonia-N ref.l)
Content Concentration
(mg/L) (mg/L) -

Nonez) 0 10.00 10.00

Urea 100 9.72

Methyl Alcohol 10 9.90

sec-Butyl Alcohol 10 9.90

iso-Butyl Alcohol 10 9.83

n-Butyl Amine 10 10.10

sec-Butyl Amine - 10 9.88

iso-Butyl Amine 10 9.88

ter-Butyl Amine 100 9.82

Hydroxyl Amine-HC1l 10 9.90

Dimethyl Amine 100 10.25

Diethyl Amine 100 9.75

Triethyl Amine 100 9.90

Triethanol Amine 100 9.96

Aniline 100 10.03

Hydrazine Hydrate 100 10.09

Acetamide 100 12.86 106.07

Benzamide 100

10.15

1) The conventional method (Indophenol method)
2) A standard solution containing ammoniaN(10 mg/L)
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Table 6-2 Effect of Interference Substances

Concentration of Ammonia-N

Enzymatically Produced3)
Interference
Substances
Proposed Method Indophenol Method
mg L_l mg L-l
Contro1?l) 10.0 10.0
Alanine 9.9 _ -
Ascorbic Acid 9.9 -
Glutamine 10.7 10.5
Glutathione 9.9 -
Creatine 9.8 -
Creatinine 10.4 10.6
Hemoglobin 9.8 -
Bilirubin 10.2 -

1)

2)

3)

The enzymatic reaction was carried out with 0.05 mL cont-
rol serum (500 rng-L_l urea nitrogen) and 0.45 mL of the
buffer for 10 min and then, 2.0 mL of deionized water

was added to the reaction mixture.

One hundred mg of interference substances.per liter was
added in the sample solution described in 1).

Reactions were performed at 37¢.
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determined both by the proposed and by the conventional
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