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The peroxidase-like activity of the Fe** complex of thiacalix[4]arenetetrasulfonate on a modified anion-ex-
changer (Fe**-TCAS[4], s54) has been applied to the spectrofluorometric determination of uric acid and glucose in
connection with uricase and glucoseoxidase (GOD), respectively. Uric acid and glucose were spectrofluorometrically
determined by measuring the amounts of H,0O, produced through each catalytic reaction by uricase and GOD for uric
acid and glucose in a sample solution, respectively. The calibration curves obtained by the Uricase-Fe**-TCAS[4], 50
and the GOD-Fe*-TCAS[4], 5o, methods were linear from 0.5 to 5.0 ug of uric acid in a 1.0 ml sample solution and
from 0.5 to 6.0 ug of glucose in a 0.5 ml sample solution, respectively. The methods using Fe*-TCAS[4], s,, were
applied to the determination of uric acid and glucose in control sera.
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INTRODUCTION

In clinical analyses many enzymatic methods are
routinely used to measure various vital compounds.”
For example, uric acid and glucose are indirectly
determined by measuring the amounts of H,O, pro-
duced through reactions (1) and (2) catalyzed by
uricase and glucoseoxidase (GOD), respectively. In
general, the amount of H,0O, produced was spectro-
photometrically determined by measuring an amount
of quinoid dye produced through reaction (3) cata-
lyzed by peroxidase (POD).

ricase

u
uric acid + O, + 2H,0 — allantoin + H,O, + CO,

)]

GOD
glucose + O, — gluconolactone + H,0, (2)

*To whom correspondence should be addressed: Department of
Biological Chemistry, Faculty of Science, Okayama University
of Science, 1-1 Ridai-cho, Okayama 700-0005, Japan. Tel. &
Fax: +81-86-256-9429; E-mail: odo@dbc.ous.ac.jp

spectrofluorometric determination, uric acid, glucose, thiacalix[4]arene, peroxidase-like activity,

POD
chromogen + 2H,0, — quinoid dye + 4H,0

3)

However, most enzymes generally have problems
regarding stability, handling and storage. In an ef-
fort to develop an artificial mimesis to solve these
problems, we have investigated the enzyme-like ac-
tivities of metal complexes of thiacalix[4]arene-
tetrasulfonate on a modified anion-exchanger (Me-
TCAS[4],.500).>> We have shown that Fe?'-
TCAS[4],.500 €xhibited strong peroxidase-like activ-
ity for reaction (3) and was useful as a peroxidase
mimic for the spectrophotometric determination of
H,0, and glucose in control sera.>> Moreover, we
have demonstrated that Fe**-TCAS[4], s,, exhibited
strong catalytic activity for oxidation (4) of p-
acetoamidophenol to produce fluorescent substances
in the presence of H,O, (It is well known that p-
hydroxypheny derivatives such as p-acetoamido-
phenol are oxidized to produce a fluorescent dimer
by peroxidase in the presence of H,0O,. Accordingly,
the catalytic reaction for p-acetoamidophenol by
Fe’*-TCAS[4], 5o Was estimated by referring to the
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TCAS[4] (n=1, R: SO3Na)
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Fe**-TCAS[4] 4 500

Fig. 1. Proposed Structure of Fe*-TCAS[4], 50

corresponding reaction by peroxidase.), and was
useful as a peroxidase mimic for the spectrofluoro-
metric determination of a trace amount of H,0,.%
In clinical analyses, it is necessary to develop a
more sensitive method for the determination of vi-
tal compounds so as to minimize the amount of vi-
tal samples. In this study, the peroxidase-like cata-
lytic activity of Fe**-TCAS[4], s, for oxidative re-
action (4) was applied to the spectrofluorometric de-
termination of uric acid and glucose in connection
with uricase and GOD, respectively. To date, spec-
trofluorometric methods using various enzymes have
been developed for the determination of uric acid®
and glucose.””'” However, no report has been pub-
lished on the spectrofluorometric method using a
peroxidase mimic such as Fe**-TCAS[4], s,

OH
TCAS[4]A 500
2H0; + 2 + 4H0
(peromdase)
NHCOCH; NHCOCH; NHCOCH;
p-acetoamidophenol fluorescent

(non-fluorescent) (Ex:330nm, Em:430nm)

4

MATERIALS AND METHODS

Reagents Sodium thiacalix[4]arenetetra-
sulfonate (TCAS[4], Fig. 1) was kindly provided by
Cosmo Oil Co. (Tokyo, Japan). DEAE cellulofine
A-500 (an anion-exchanger of cellulose-type with
diethylaminoethyl groups) purchased from
Seikagaku Kogyo Co. (Tokyo, Japan). was washed
with water several times and dried over P,O5 under
reduced pressure. p-Acetoamidophenol from Nakalai

Tesque Co. (Kyoto, Japan). was recrystallized from
hot water several times. Peroxidase (POD, from
horseradish), and control serum I (normal) and II
(abnormal) were purchased from Wako Pure Chemi-
cal Industries Co. (Osaka, Japan). Glucoseoxidase
(GOD, from Aspergillus niger), uricase (from Can-
dida sp.) and ascorbate oxidase (from Cucurbita sp.)
were purchased from Sigma-Aldrich Japan Co. (To-
kyo, Japan). All other chemicals were of analytical
or reagent grade and used without further purifica-
tion.

Fe**-TCAS[4], .50 (Fig. 1) was prepared accord-
ing to the literature.” Fe**-TCAS[4], 5, contained
100 umol of Fe**-TCAS[4] per g of dry anion-ex-
changer.

The buffer solutions used were 0.1 M
CH,COOH-0.1 M CH,COONa for pH 5.0, 0.1 M
KH,PO,~0.05 M Na,B,0O, for pH 6.5-9.0, 0.1 M
NH,CI-0.1 M NH,OH for pH 8.5-11.0, and 0.1 M
NaHCO;-0.05 M Na,CO; for pH 9.0-11.5.
Instruments The fluorescence intensities
were recorded on a Shimadzu RF-5300 spectrofluo-
rometer with a quartz cell (1 X 1 cm cross-section)
equipped with a xenon lamp and dual monochro-
martor.
Procedure

Uricase-Fe’*-TCAS[4] 5,0 Method for Uric
Acid: Uric acid was determined with a combination
of reactions (1) and (4) catalyzed by uricase and Fe**-
TCAS[4],.500, respectively. The fluorescence inten-
sity was measured with excitation and emission
wavelengths of 330 and 430 nm, respectively.

Fe**-TCAS[4], 500 (20 mg) was added to a mix-
ture containing sample solution (1.0 ml, 0.5-5.0 ug
of uric acid), uricase solution (1.0 ml, 1.25 U/ml),
40 mM p-acetoamidophenol solution (1.0 ml) and
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buffer solution (3.0 ml); the mixture was incubated
at 40°C for 30 min. After Fe**-TCAS[4],_5,, Was fil-
tered off, the fluorescence intensity of the superna-
tant was measured.

Uricase-POD Method for Uric Acid as a Refer-
ence: A mixture of sample solution (1.0 ml), uricase
solution (1.0 ml, 1.25 U/ml), POD solution (0.5 ml,
10 U/ml), 40 mM p-acetoamidophenol solution
(1.0 ml) and buffer solution (2.5 ml) was incubated
at room temperature for 30 min. The fluorescence
intensity of this reaction solution was measured.

GOD-Fe’+-TCAS[4] 500 Method for Glucose:
Glucose was determined with a combination of re-
actions (2) and (4) catalyzed by GOD and Fe**-
TCAS[4] 4500, respectively. First, a mixture contain-
ing sample solution (0.5 ml, 0.5-6.0 ug of glucose),
GOD solution (0.5 ml, 32 U/ml), and acetate buffer
solution of pH 5.0 (0.5 ml) was incubated at 40°C
for 10 min. Next, 40 mM p-acetoamidophenol solu-
tion (2.0 ml), carbonate buffer solution of pH 10.25
(2.5 ml) and Fe**-TCAS[4], 5o, (20 mg) were added
and the mixture was incubated at 40°C for 20 min.
After Fe’*-TCAS[4], s Was filtered off, the fluo-
rescence intensity of the supernatant was measured.

GOD-POD Method for Glucose as a Reference:
A mixture of sample solution (0.5 ml), GOD solu-
tion (0.5 ml, 32 U/ml), POD solution (0.5 ml, 10 U/
ml), 40 mM p-acetoamidophenol solution (2.0 ml)
and buffer solution (2.5 ml) was incubated at room
temperature for 20 min. The fluorescence intensity
of this reaction solution was measured.

Removal of Serum Proteins from Control Sera:
A mixture of serum (2.0 ml), 2/3 N H,SO, (1.0 ml)
and 10 g/dl sodium tungstate (1.0 ml) was vigorously
shaken for 10 min and then centrifuged at 3000 rpm
for 10 min. The supernatant (1.0 ml) of this reaction
mixture was used as a sample solution.

RESULTS AND DISCUSSION

Investigation of Optimum Conditions for the De-
termination of Uric Acid

For the determination of uric acid, uricase (from
Candida sp.) and Fe**-TCAS[4], 5o, Were simulta-
neously added to a sample solution. However, the
optimum pH for each of their activities differed
slightly. The optimum pH of uricase (from Candida
sp.) is about 8, whereas Fe**-TCAS[4], s, exhibited
its maximum catalytic activity for reaction (4) at
around pH 10, as described previously.> Accord-
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Fig. 2. Effects of the pH and Buffer on the Uricase-Fe*'-
TCAS[4]4.500 Method
@, NaHCO,-Na,CO;; O, KH,PO,~Na,B,0,; B, NH,CI-NH,OH.

ingly, to establish the optimum conditions, experi-
ments were carried out using the Uricase-Fe*-
TCAS[4],.500 method with 4 ug of uric acid.

Effects of pH

The activity of the Uricase-Fe**-TCAS[4]4 500
was investigated in various buffer solutions. Figure 2
shows the fluorescence intensities of the solutions
obtained through reactions (1) and (4) by uricase and
Fe**-TCAS[4], 5 in each solution. As previously de-
scribed,” Fe**-TCAS[4], .5, €xhibited its maximum
peroxidase-like activity for oxidative reaction (4) at
around pH 10. As shown in Fig. 2, Uricase-Fe?*'-
TCAS[4],.500 €xhibited high levels of activity in al-
kali buffer solutions, especially in a carbonate buffer
solution of pH 10-11.5. Accordingly, a carbonate
buffer solution of pH 10.5 was selected for the de-
termination of uric acid with the Uricase-Fe**-
TCAS[4].500 method.

Effects of the Concentration of p-AP and Incuba-
tion Time

The concentration of p-AP and the incubation
time affected the Uricase-Fe**-TCAS[4],_s,, method.
Forty mM of p-AP was the optimum concentration
of the fluorogenic reagent: the fluorescence intensi-
ties were almost maximum and constant over 30 mM
of p-AP, as shown in Fig. 3. Figure 4 shows that the
fluorescence intensities were near maximal and con-
stant after 20 min of incubation. Thus, 30 min of
incubation was long enough.

The Calibration Curve
Under the optimum conditions described above,
a linear calibration curve was obtained between 0.5
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and 5.0 ug of uric acid in a sample solution (1.0 ml)
using the Uricase-Fe**-TCAS[4], 5, method. The
correlation coefficient and the relative standard de-
viation (n = 4) were 0.981 and 5.5% for 4 ug of uric
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Fig. 3. Effect of the Concentration of p-AP on the Activity of
the Uricase-Fe**-TCAS[4],_5,, Method
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Fig. 4. Effect of the Incubation Time on the Uricase-Fe**-
TCAS[4]4.500 Method

acid in a sample solution (1.0 ml), respectively. Ac-
cordingly, the Uricase-Fe**-TCAS[4], 5y, method is
applicable to the determination of a trace amount of
uric acid.

Effect of Foreign Substances

Interference in the Uricase-Fe**-TCAS[4], s
method was investigated in the presence of various
foreign substances. As shown in Table 1, ascorbate
showed severe interference, and human serum al-
bumin (HSA) and Fe?** ion also had an appreciable
interference. Although HSA caused almost no inter-
ference in the Fe**-TCAS[4], s,, method to determine
H,0,,% it did affect the Uricase-Fe*-TCAS[4], 50
method. It is not clear why the interference by HAS
was different between the present Uricase-Fe**-
TCAS[4], 50 technique and the Fe**-TCAS[4], 500
technique® for the determination of H,0O,. The se-
vere interference by ascorbate may be caused by
reaction of ascorbate with H,O, produced through
reaction (1) and/or by reduction of Fe*-TCAS[4], 500
by ascorbate to Fe?*-TCAS[4], 500, Which showed
low peroxidase-like activity.? Also, the interference
of Fe* ion may be caused by reaction of Fe** ion
with H,0,. Accordingly, the addition of ascorbate
oxidase and EDTA-2Na (disodium dihydrogen
ethylenediaminetetraacetate) to a sample solution
should minimize the interference from ascorbate and
Fe’* ion, respectively. As shown in Table 1, the in-
terference from these ions was markedly decreased
by adding 0.5 ml of ascorbate oxidase solution
(10 U/ml) and EDTA-2Na solution (7 mM) to a
sample solution (1.0 ml), respectively.

Table 1. Effect of Foreign Substances on the Uricase-Fe?T-TCAS[4]a_5090 Method to Determine Uric Acid (UA)

Substance Added Error Substance Added Error
(1g) (%)? (1g) (%)”
Heparin 12.1 (LU.) 1.9 Fe3t 40 —27.4
NaF 40 -9.5 40 —11.4%
EDTA 40 —6.6 K™ 40 0.9
Glycine 40 6.6 Ca?t 40 —14.7
Ascorbate 40 —-81.2 PO~ 40 3.4
40 ~7.2%) Cco3~ 40 0.5
Citrate 40 3.0 NH, 40 -3.7
Albumin (HSA) 10* —37.4 Br~ 40 1.7
I 40 -23

UA added; 4.0 pg. a) Error (%) = 100X(UA(found) — UA(added))/UA (added). b) Ascorbate oxidase was added to
the sample solution. ¢) EDTA-2Na was added to the sample solution.
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Application to the Determination of Uric Acid in
Sera

The Uricase-Fe**-TCAS[4], 5o, method was ap-
plied to determine uric acid in control serum I (nor-
mal) and II (abnormal). As this technique was af-
fected by HSA, the sample solution after the removal
of serum proteins in control sera was applied to the
determination. As shown in Table 2, the observed
amounts of uric acid obtained with the Uricase-Fe*'-
TCAS[4] 4500 method were just a little lower than
those with the Uricase-POD method as a reference.
This may be the reason why the simultaneous reac-
tion efficiency of uricase and Fe**-TCAS[4], sy is
not always adequate. However, the results with the
present method were satisfactory for both control
serum I and II.

Investigation of Optimum Conditions for the De-
termination of Glucose

Similar to uric acid, glucose was determined by
measuring the fluorescence intensity of the reaction
solution through reactions (2) and (4) catalyzed by
GOD and Fe**-TCAS[4], 500, respectively. However,
it was difficult to use both GOD (from Aspergillus
niger) and Fe3*-TCAS[4], .5 in the same sample
solution, because their optimum pHs are quite
different, unlike the case of uricase and Fe’*-
TCAS[4],.50- Thus, Fe**-TCAS[4],.5,, exhibited
strong catalytic activity for reaction (4) in a carbon-
ate buffer at around pH 10, whereas the optimum
pH of GOD (from Aspergillus niger) is around 5.
Accordingly, GOD and Fe*-TCAS[4],.5, were

Table 2. The Amounts of Uric Acid in Serum I and II after
Removal of Serum Protein Determined by the Uricase-
Fe3*-TCAS[4]4-500 and the Uricase-POD Methods

Method Uric acid (pg/1.0 ml)

serum I serum II
Uricase-Fe3T-TCAS[4]A-500 39.9 77.2
Uricase-POD 443 85.1

added independently to the sample solution. After
GOD was added to this solution in acetate buffer of
pH 5.0 and the mixture was incubated for 10 min,
Fe’*-TCAS[4] .50 Was added in a carbonate buffer
of pH 10.25. The optimum conditions for reaction
(4) catalyzed by Fe**-TCAS[4], 50, for example, the
pH of the sample solution, concentration of p-AP,
and incubation temperature and time, were the same
as those® for the determination of H,0, using Fe**-
TCAS[4]4.500- The calibration curve was straight for
sample solutions (0.5 ml) containing 0.5-6.0 ug of
glucose, and the correlation coefficient and relative
standard deviation (n = 4) were 0.985 and 4.9% for
5.0 ug of glucose, respectively. The sensitivity of the
present method was 10—100 times higher than those
of the spectrophotometric methods we previously
developed using Fe**-TCAS[4] 500>

Moreover, the GOD-Fe**-TCAS[4], 5o, method
was applied to the determination of glucose in con-
trol sera I and II, whose sample solutions were ap-
plied after being diluted 20 and 100 times with dis-
tilled water, respectively. This technique required no
removal of serum proteins such as HSA from con-
trol sera. This may be because the concentration of
HSA decreased substantially on dilution of the sera.
As shown in Table 3, the observed amounts of glu-
cose obtained for both control serum I and II were
satisfactory, compared with the GOD-POD method
as a reference.

In conclusion, the peroxidase-like activity of
Fe**-TCAS[4], s, for reaction (4) was useful for the
spectrofluorometric determination of a trace amount
of uric acid and glucose in connection with uricase
and GOD, respectively. Moreover, these methods
using Fe**-TCAS[4], .5, were also useful for the
spectrofluorometric determination of a trace amount
of uric acid and glucose in blood. Fe**-TCAS[4], 500
has the advantages that it can be prepared easily and
used repeatedly, and exhibits sufficient activity as a
peroxidase mimic even in sera. The present meth-
ods are the first successful examples performed by
a peroxidase mimic, Fe**-TCAS[4], s, for the spec-

Table 3. The Amounts of Glucose in Diluted Serum I and II Determined by
the GOD-Fe3*-TCAS[4] o-500 and the GOD-POD Methods

Glucose amount (/0.5 ml)

Method serum [ serum II
(diluted 20 times) (diluted 100 times)
GOD-Fe3t-TCAS[4]A-500 19.4 13.2
GOD-POD 18.6 11.6
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trofluorometric determination of uric acid and glu-
cose.
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