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Abstract

Present work describes enzyme-based optic fiber biosensor for the estimation of inorganic phosphate. A biosensor is
based on the inhibitory effect of inorganic phosphate on acid phosphatase activity. Acid phosphatase catalyzes the
conversion of p-nitrophenyl phosphate to a colored product p-nitrophenol, which is detected optically at 405 nm. This
reaction is inhibited by inorganic phosphate present in the sample and the extent of inhibition is correlated to its concen-
tration. Acid phosphatase immobilized in agarose—jellose composite is used as biocomponent for the fabrication of optic
fiber biosensor. A calibration curve for inorganic phosphate was obtained with KH,PO, and used for the determination
of inorganic phosphate in the sample. This optic fiber biosensor was applied for the estimation of inorganic phosphate
in complex urine samples. This biosensor is easy to fabricate moreover it has shown a shelf life of more than 80 days with
a linearity range from 20 to 100 uM. The response time of the sensor was found to be 20 min.
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1 Introduction

The levels of inorganic phosphate in the urine samples are
significant in the clinical diagnosis of hyperparathyroidism
[1], hypoparathyroidism, and vitamin D deficiency [2]. Nor-
mal excretion of inorganic phosphorus in 24 hours urine
varies from 0.4 to 2.0 g., the average value is about 1 g
[3], which depends upon diet. Normally urine inorganic
phosphate is measured colorimetrically by using Fiske and
Subbarow method [4]. The principle behind it is an acid-
molybdate reagent which reacts with inorganic phosphate
to form phosphomolybdic acid. The hexavalent molybde-
num of the phosphomolybdic acid is reduced by means of
1, 2, 4-aminonaphtholsulphonic acid to give a blue com-
pound which is estimated colorimetrically.

Apart from this various chemical methods have been
[5-10] reported for estimation of inorganic phosphate.

There are certain disadvantages with the classical col-
orimetric methods such as strong acidic conditions and
stability of color. Biosensors combine the specificity of bio-
logical molecules with the sensitivity of the transducer.
They offer many advantages and therefore being explored
for inorganic phosphate determination. There are few bio-
sensors reported for the same.

Enzyme based optical biosensor is a biosensor that
employs an optical fiber or optical fiber bundle, as a plat-
form for the biological recognition element, and works as
a transducer for resultant signal (e.g. absorbance, chemi-
luminescence, fluorescence etc.). The abundance of
enzyme-based optical fiber biosensors [11-22] have been
reported in the literature is likely due to the inherent selec-
tivity of that enzyme for a specific analyte, and the ease
with which they are employed in sensing. Our group has
developed an optical fiber biosensor based on reflectance
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measurements for 3, 4-dihydroxyphenylalanine (L-dopa)
based on its reaction with the enzyme tyrosinase [23].

There are only a few reports for inorganic phosphate
biosensor with optical transducer [24-28]. In all these opti-
cal biosensors chemiluminescence signal has been moni-
tored for the determination of phosphate.

Moreover, there are various references where ampero-
metric biosensors have been employed for phosphate
detection and estimation. [29-49]. Amongst all the electro-
chemical biosensors only one sensor has been applied for
the estimation of inorganic phosphate in urine samples. A
sensor comprises a plant tissue electrode in combination
with glucose oxidase [32]. Measurements are based on the
inhibition of the acid phosphatase activity contained in a
thin slice of Solanum tuberosum. However, the main dis-
advantage of this dual enzyme biosensor is the difficulty
of use in biological fluids which already contain glucose.

Recently Chen-Zhong Li et al. developed an apparatus
based on reflection-mode fluorescence-sensing, lever-
aging an environmentally sensitive fluorophore (MDCC)
bound to a bacterial phosphate-binding protein to gener-
ate a fluorescent optical signal proportional to the concen-
tration of (Pi) present with a response time of only 4 s [50].

All these biosensors are depending upon two or more
than two enzymatic reactions, which make the optimiza-
tion process of biosensor difficult. As per our knowledge,
there are no reports on biosensors for estimation of inor-
ganic phosphate comprising of a single enzyme using
optical fiber as a transducer (absorbance mode).

2 Materials and methods
2.1 Material

Acid phosphatase extracted and partially purified in our
laboratory from Phaseolus vulgaris. The chemicals KH,PO,,
and p-nitrophenyl phosphate (pNPP) were purchased from
Sisco Research Laboratory (India). All chemicals were of
analytical grade. All the solutions were prepared with
water from the Millipore Milli-Q system.

The absorbance studies were carried out on a commer-
cially available Ocean Optics PC 1000 spectrophotome-
ter capable of measuring absorption in the wavelength
range 330-780 nm. The light source used was a tungsten-
halogen lamp. The enzyme membrane was attached to
fiber and inserted in a cell from the top. The sensing was
in a thin syringe with a bundle of 16 fibers incorporated
together.
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2.2 Isolation of jellose from tamarind seed

Tamarind seeds (Tamarindus indica) are available in large
quantities in India and South East Asia. The isolation of
polysaccharide from the seeds was carried out by roast-
ing the seeds at 80 °C for nearly 4 h in an oven. After-
ward, seeds were soaked in warm water (40 °C) for 48 h.
The brown coat of the seeds was removed completely.
The inner white kernels were washed thoroughly and
blended with distilled water to form a paste. The paste
was then soaked in enough amount of n-butanol and
stirred thoroughly. This was kept for 24 h; about 350 ml
of n-butanol was used to defatten 250 g of the kernel
paste. This defatted paste was dried and the creamy
white granular powder was obtained. This powder was
then pulverized in a mortar and pestle to get a fine pow-
der called Tamarind kernel powder (TKP) and this, in an
airtight bottle. 1 g of the fine Tamarind kernel powder
(TKP) was weighed and dissolved in 1000 ml of boiling
water with constant stirring and kept overnight in a
hot water bath. The next day, the solution was filtered
through a cheesecloth to remove insoluble proteins
and other impurities. The filtrate was concentrated by a
flash evaporator and precipitation was carried out with
3-4 volumes of ethanol, with constant stirring using a
mechanical stirrer. The solution as vacuum filtered to
obtain the residue which contained polysaccharides.
The residue was dried at room temperature, by keeping
in a desiccator. This was used as one of the components
of the composite biopolymer matrix.

2.3 Extraction and partial purification of acid
phosphatase enzyme

The enzyme acid phosphatase was extracted from the
seeds of Phaseolus vulgaris by using acetate buffer saline
(pH 5.5, 0.1 M). It was further purified by 70% ammonium
sulphate salt saturation concentration and DEAE-ion-
exchange chromatography.

2.4 Entrapment of acid phosphatase in agarose-
jellose membrane

1 ml of 3% agarose was mixed with an equal volume
of 1% jellose and the solution was allowed to cool to
~40 °C. Then partially purified ACP (25 pg) added to
this mixture and thoroughly mixed and cast on a plastic
sheet (2.4 x 3.7 cm?) supported by a glass slide. It was
allowed to dry at 37 °C. The membrane was slowly and
carefully detached from the plastic support and stored
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under refrigeration in order to prevent any bacterial
growth on the membrane. A small piece of the immo-
bilized membrane (5 mm?) containing 1.3 units of the
enzyme was cut and fixed at the tip of the optic fiber
and then the fiber was inserted in the cell from the top.

2.5 Construction of optic fiber biosensor

The acid phosphatase inhibition based biosensor was devel-
oped for the estimation of inorganic phosphate in the urine
sample as shown in Fig. 1. Fabrication of the biosensor was
carried out by employing ACP immobilized membrane as
biocomponent of the sensor, para-nitrophenyl phosphate
(pNPP) was used as a substrate. Acid phosphatase catalyzes
the hydrolysis of pNPP to para-nitrophenol, which was meas-
ured in terms of absorbance at 405 nm. The liberation of
para-nitrophenol is inversely proportional to inorganic phos-
phate. All the measurements were carried out on a commer-
cially available ocean optics PC 1000 spectrophotometer.

2.6 Measurement procedure

All the measurements were carried out in a cell at room tem-
perature by using the following assay system.

The acetate buffer (pH 5.5, 0.1 M) and varying concentra-
tions of inorganic phosphate (KH,PO,) were taken (in the
range 40-140 pM) in the cell. The optrode was kept in the
cell for 5 min. Later on substrate p-nitrophenyl phosphate
(60 uM) was added and the reaction was allowed to take
place for 10 min at room temperature. The reaction was
arrested by 1 ml Tris—HCI (pH 9, 1 M). The colored product
pNP formed was measured at 405 nm. The percentage inhi-
bition of acid phosphatase for inorganic phosphate was cal-
culated using the expression 3.1.

Light source Detector

Bifurcated optical fibre

Syringe body 4

ACP immobilized
membrane

%
-

Fig. 1 Optic fibre assembly for sensor

Inhibition (%) = [(Eo=En)/e,| x 100 (3.1)

where E, is the absorbance in the absence of inhibitor and
E,, is the absorbance at 405 nm with different concentra-
tions of inorganic phosphate.

The lower limit of detection was calculated by following
the same procedure as described above with a concentra-
tion of inorganic phosphate as 20 uM and 10 pM.

Before measuring the colored product formed due
to the action of acid phosphatase, a blank polymer was
attached to the tip of the fiber and was inserted in the cell
and response was recorded as reference spectra (baseline).
Then afresh piece of acid phosphatase immobilized in the
composite matrix (A-J) was placed on the optic fiber tip
and inserted in the cell, the photometric response was
recorded and compared in terms of absorbance of the
solution.

The response of the optrode was measured as a func-
tion of wavelength. The absorbance of the colored com-
plex formed was recorded from wavelength 330-500 nm
to find out the Amax, where the maximum absorbance
was observed. This wavelength was selected for further
absorbance measurements.

2.7 Optimization of substrate concentration

The response of the reaction catalyzed by acid phos-
phatase was checked for various substrate concentrations
in the range 10-80 uM and a spectrum, as absorbance
against para nitrophenyl phosphate.

2.8 Effect of pH on the response of optrode

The stability of the ACP sensor was studied with respect to
pH. Buffers of different pH (3.6-6.0) with the same molarity
(0.1 M) were prepared and the response of optrode was
measured with constant substrate concentration (60 uM).
Absorbance was measured and a graph of absorbance
versus pH was plotted to find out the optimum pH of the
sensor.

2.9 Real sample analysis

The urine samples were obtained from Ruby Hall clinic;
those samples were collected over a period of 24 h by the
clinic.

The fabricated sensor measures the change in absorb-
ance by optic fiber. The change in absorbance is due to
the inhibition of the ACP enzyme. % inhibition of enzyme
is directly proportional to inorganic phosphate concen-
tration. The urine sample diluted 50 times with acetate
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buffer (pH 5.5, 0.1 M) and then the response was checked
under identical conditions as for standard KH,PO, solution.
The signal obtained was related to a calibration curve to
calculate inorganic phosphate concentration in the urine
sample.

2.10 Effect of interferents on the response
of the biosensor

The interference of uric acid, urea, glucose, and chloride
in the estimation of inorganic phosphate was checked by
measuring the optrode response in presence of a fixed
concentration of KH,PO, (40 uM) and substrate pNPP
(60 uM) as mentioned earlier. Thereafter the optrode
response was measured for each interferent (urea 65 g/L,
uric acid 25 g/L, oxalic acid 50 mg/L, glucose 200 mg/L,
and chloride as NaCl 10 g/L) in presence of the same
concentration of KH,PO, and pNPP. The % inhibition of
acid phosphatase for each interferent was calculated
and compared with the % inhibition of acid phosphatase
obtained with only inorganic phosphate in the absence
of interferents.

2.11 Shelflife

The Storage stability of the biosensor was checked by
employing the agarose—jellose membrane at the tip of
the fiber. The response of optrode for hydrolysis of pNPP
was monitored every 7 days until there is a considerable
decrease in enzymatic activity. Agarose—jellose acid phos-
phatase membranes were stored at 4 °C under dry condi-
tions when not in use.

3 Results and discussion

3.1 Partial purification and immobilization of acid
phosphatase

The acid phosphatase enzyme fraction obtained after
partial purification showed 38 fold purification with a 5%
yield. Immobilization is an important step in the fabrica-
tion of biosensor; therefore acid phosphatase has been
immobilized in the blend of biopolymers agarose and jel-
lose. Various compositions and concentrations of biopol-
ymers were tested for the proper confinement of acid
phosphatase. For the first time, acid phosphatase has been
successfully immobilized in a composite of agarose-jel-
lose. The % retention of enzyme activity was calculated
as follows
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Activity of immobilized enzyme

100
The activity of the soluble enzyme

% Retention =

In the present studies, 66% retention of enzyme activity
was observed. The maximum retention of enzyme activity
with negligible leaching was observed due to the fine-tun-
ing of porosity achieved by mixing two polysaccharides in
the desired proportion. Comparable Km and Vmax values
(Table 1) of free and immobilized enzyme shows that there
is no change in the conformation of the enzyme as well as
no constraint on the diffusion of substrate and subsequent
release of the product.

3.2 Optrode response

The response of the constructed optrode was measured in
terms of the absorbance of the solution. The agarose-jel-
lose membrane was employed for the hydrolysis of pNPP,
the colored product pNP formed after the enzymatic reac-
tion was easily dispersed in the solution completely. Inhi-
bition of the immobilized acid phosphatase was measured
using KH,PO, as a standard for inorganic phosphate. The
overall reaction taking place in the cell is given as follows.

()§ ¢()-

Ox. 20 O A ’

N N

Tris-HCI -
ACP pH-9 |

O=—pP—O0- _OH O

p-nitrophenyl

pon
O- phosphate (405nm)

This reaction, catalyzed by acid phosphatase is inhib-
ited in the presence of inorganic phosphate present in the
sample which results in a reduction of color production
that is inversely proportional to the inorganic phosphate
concentration.

3.3 Optimization of substrate concentration
for estimation of inorganic phosphate

The substrate (pNPP) concentration to be used for the cali-

bration curve for the estimation of inorganic phosphate
was determined from varying substrate (pNPP) assay

Table 1 Comparison of kinetic parameters of acid phosphatase

Enzyme Km (mM) Vmax
(umol/
min)

Free ACP 0.58 52.63

Immobilized ACP 0.66 50
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Fig.2 Absorbance spectra for ACP optrode with different concen-
tration of pNPP (10-80 uM)
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Fig.3 Absorbance spectra for ACP optrode with varying concentra-
tion of inorganic phosphate (20-100 uM) [outermost spectrum is in
absence of an inhibitor]

carried out in the range of 10-80 uM (Fig. 2). The determi-
nation of the colored complex in the absorbance mode
gave a stable and concentration-dependent increase in
the absorbance signal at 405 nm.

The intensity of the colored complex is inversely
proportional to the inorganic phosphate after reaction
with immobilized acid phosphatase. Under the present
experimental conditions, the acid phosphatase optrode
exhibited a concentration-dependent response for inor-
ganic phosphate. Spectra for varying concentrations of
inorganic phosphate were recorded (Fig. 3). The outer-
most spectrum is without inhibitor. The calibration curve
was constructed by evaluating the inhibition degree
against the concentration of inorganic phosphate. Fig-
ure 4 shows the calibration graph obtained, from which
it can be noticed that the dynamic range of the biosen-
sor for inorganic phosphate is in the range 40-140 uM.
The response of the sensor was measured for 10 uM and
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20 R? = 0.986
- 25 A
9
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2
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®
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0 T T T T T \
0 20 40 60 80 100 120
[KH,PO4] M
Fig.4 Calibration plot for estimation of inorganic phosphate
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Fig. 5 Optimum pH of the biosensor

20 pM concentration of inorganic phosphate and it was
detectable only for 20 uM which is the lower detection
limit of the sensor. The lower detection limit of the fab-
ricated sensor is comparable with that of chemilumines-
cence based optical biosensor for phosphate ion using
pyruvate oxidase enzyme [24]. To check the reproduc-
ibility of the measurements, the experiment was carried
out three times; the relative standard deviation was cal-
culated and found to be 4.3%.

3.4 Effect of pH

The response of the acid phosphatase optrode to the vari-
ation of pH was determined by using different buffers in
the pH range from 3.6 to 6.0. The optimum pH of the sen-
sor (Fig. 5) was found to be comparable with the reported
immobilized acid phosphatase [51]. Therefore all measure-
ments were carried out at pH 5.5.
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3.5 Storage stability

The ACP immobilized A-J membranes were stored at
4 °C under dry conditions. The activity of immobilized
acid phosphatase was periodically measured after
every 7 days. It has been observed that the immobilized
enzyme could retain its activity for more than 84 days.
A lifetime of acid phosphatase is very high compared
to the acid phosphatase employed in electrochemical
biosensor for the estimation of inorganic phosphate
in a urine sample [32]. It may be due to the suitable
microenvironment provided by the support matrix A-J.

3.6 Application of optic fiber biosensor
for the determination of inorganic phosphate
in a urine sample

The fabricated sensor was used for the estimation of
inorganic phosphate in real urine samples. The inhibi-
tory effect exerted by inorganic phosphate present in
the urine sample was correlated with standard inor-
ganic phosphate to determine its concentration. Here
sample pretreatment is not required except dilution
(1:50). Six successive measurements of each sample
were taken and the average optical response was

Table 2 Determination of inorganic phosphate in a urine sample

Sample no.  Optic fibre sen- Auto analyzer (%) Deviation

sor values® values (provided)

Pi(g/24 h) Pi(g/24 h)
1 0.80 0.78 +2.56
2 2.18 2.20 —-0.90
3 1.92 1.95 -1.5
4 29 2.86 +1.37
5 0.59 0.58 +1.72
6 1.40 1.39 +0.71
7 0.74 0.75 -16
8 0.95 0.97 -2.06
9 1.40 1.43 -20
10 2.65 2.66 -03

2Average of three determinations

considered to calculate inorganic phosphate level. The
values obtained by the present optical biosensor were
in good agreement with the auto-analyzer values as
shown in Table 2.

Normally inorganic phosphate values are expressed in
grams. Therefore the values obtained from the standard
graph are calculated as

Number of moles = weight in gram/molecular weight
= weight in gram/136.09g

3.7 Interference studies

Uric acid, urea, glucose, etc. are the major constituents of
the multicomponent urine sample; inhibition assays are
susceptible to interferents, therefore, the interference of
these substances was studied to evaluate the selectiv-
ity of the biosensor. No interference was detected from
urea <65 g/L, uric acid <25 g/L, oxalic acid <50 mg/L, glu-
cose <200 mg/L, chloride as NaCl< 10 g/L.

A comparison of the analytical features of the fabri-
cated optical biosensor with that of reported one is given
in Table 3.

4 Conclusions

In the present work optic, a fiber-based biosensor has
been developed for the estimation of inorganic phosphate
in the urine sample. For the construction of biosensor,
acid phosphatase entrapped in a blend of polysaccharide
agarose and jellose has been successfully employed. This
biopolymer composite forms a thin, transparent and flex-
ible membrane that did not show any interference in the
absorbance measurement. The colored product formed
after the hydrolysis of para-nitrophenyl phosphate was
completely dispersed in the solution without any reten-
tion on the membrane. From the results obtained, it is
concluded that the present optic fiber biosensor is easy to
fabricate compared to its electrochemical as well as opti-
cal (chemiluminescence) counterpart since amperometric
measurements require co-immobilization of two or more
enzymes. Further, for designing biosensor based on two or

Table 3 Comparison of

g o Parameter
analytical characteristics of

Values for present biosensor

Values for reported biosensor [32]

biosensor

Response time 20 min <5 min
Optimum pH 55 6.0
Linearity range 4%107°-1.4x107*M 8.6x107°-6.9%x107>M
Lower detection limit 2x107°M 62x10°M
Storage stability 84 days 10-16 days
SN Applied Sciences
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more enzymes need to optimize the compatibility of work-
ing conditions for each enzyme reaction especially for pH
and co-reactant concentration. In addition to this, the shelf
life of the ACP based biosensor is more than 80 days, much
higher than the earlier reported sensors. The constructed
optic fiber sensor was employed successfully for the quan-
tification of inorganic phosphate in multicomponent urine
samples.
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