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ABSTRACT

The paper describes the development of biosen-
sor for gas detection using bio-composite-xanthine
oxidase. The xanthine oxidase enzyme is immobi-
lized by bio-composite including gelatine and chi-
tosan. The high stability of immobilization enzymes
onto a solid substrate can make them ideal alterna-
tives as recognition elements for sensors. Xanthine
oxidase was constructed in a very simple way using
ammonium sulfate precipitation and affinity chro-
matography. Xanthine oxidase was immobilized
with bio-composite on glass and quartz crystal sub-
strates. The structural properties of bio-composite
films have been investigated via ultraviolet visible
spectrophotometer and quartz crystal microbalance
systems. In order to investigate the sensing proper-
ties of bio-composite films, five vapors such as chlo-
roform, acetone, toluene, ethyl acetate and carbon
tetrachloride were selected and quartz crystal micro-
balance system were employed to characterize the
sensing properties. Results were remarkable that the
bio-composite gas sensor showed selective and re-
producible responses against organic vapors. The gas
sensor can be used for application in the monitoring
and screening of diabetes through the detection of
low concentrations of breath acetone vapor.
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INTRODUCTION

Biosensors have been used to detect the toxic
materials, various pollutants, hazardous materials
and hazardous gases. In the recent past, biosensors
are widely used in military, medicine, industrial pro-
cess control, environmental monitoring, food indus-
tries, veterinary medicine, pharmacy and microbiol-
ogy. Biosensor technology has improved with in
vitro studies based on enzymes.

Enzyme-based biosensors are mostly preferred
with prominent properties such as specificity, rapid
reaction in mild conditions, and low cost [1, 2]. One
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of the most important features of effective use of en-
zyme is enzyme immobilization [3, 4]. Advantages
of immobilized enzyme according to free enzymes
have reusability and storage stability [5, 6]. Biosen-
sors can be used for a long time with these properties
of immobilized enzymes [7, 8].

Xanthine oxidase (XO) is a member of the mo-
lybdenum hydroxylase family of proteins contains
binding sites for molybdopterin, iron and flavin co-
factors XO catalyzes the oxidation of hypoxanthine
to xanthine and then to uric acid [9]. High amount of
uric acid generation is associated with various patho-
logical functions such as gout, inflammation, ische-
mia-reperfusion damage, cardiovascular diseases,
renal diseases and even cancer [10-13]. Therefore,
XO has been considered as a promising target for
treating hyperuricemia, gout and other associated
pathological conditions [14, 15]. XO primarily pro-
duces ROS such as superoxide and hydrogen perox-
ide by preferentially using molecular oxygen as an
electron acceptor [16, 17]. XO is an enzyme which
is purified from milk in abundance and this makes it
cheap [17]. XO was highly used in biosensors sys-
tems [18-21].

This work is aimed at determining the detection
of low concentrations of five vapors such as chloro-
form, acetone, toluene, ethyl acetate and carbon tet-
rachloride for possible application in the monitoring
and screening of organic vapors. Diabetes is a com-
mon disease in the world due to genetic and environ-
mental factors. Diabetes causes permanent damage

to eyes, blood vessels, kidneys, nerves and heart [22].

The most prominent feature of diabetic patients
is the presence of acetone in the breath. Therefore, it
is important to develop systems that can easily detect
acetone vapor in the breath. Deposition process of
bio-composite films was monitored using UV-visible
and quartz crystal microbalance (QCM) techniques.

MATERIALS AND METHODS

Sepharose 4B, I-tyrosine, xanthine, 4-amino-
benzamide dihydrochloride, cysteine, APTES, HCI
hydrogen peroxide, sulfuric acid and ammonium sul-
fate, toluene, carbon tetrachloride, ethyl acetate,
chloroform and acetone were purchased from

FEB



© by PSP

Volume 30— No. 12/2021 pages 13297-13305

Fresenius Environmental Bulletin

Sigma-Aldrich (St Louis, MO, USA). Tris-base, gly-
cine and NaCl were purchased from Merck (Darm-
stadt, Germany). All other chemicals were of the
highest quality available. Spectrophotometric meas-
urements were measured with PerkinElmer Lambda
Spectrophotometer.

Purification of Xanthine Oxidase from Bo-
vine Milk. XO was purified from bovine milk with
ammonium sulfate precipitation and affinity chro-
matography methods. Bovine milk was centrifuged
at 15000 rpm for 60 minute before precipitation with
38 % ammonium sulfate to remove the bulk of con-
taminants. The supernatant was brought to 50 %
saturation with solid ammonium sulfate. The precip-
itate formed was collected by centrifugation at
15000 rpm for 60 minute and dissolved 0.1 mol/L
Tris-base (pH 9.0) buffer. The pooled precipitate ob-
tained from bovine milk by using ammonium sulfate
precipitation was subjected to affinity chromatog-
raphy [17]. Buffer fractions of 2.0 mL were collected
and their absorbance measured at 280 nm.

Bio-composite preparation. Chitosan (1 g)
and gelatin (1 g) were prepared separately by dis-
solving in acetic acid and then were mixed together
in 1:1 proportion. This mixture was stirred for 3
hours at room temperature for drying. The bio-com-
posite was stored at 4 °C with 0.1 mol/L phosphate
buffer (pH: 7.0) before use [23].

Preparation of Biosensor. A piranha solution
was made by adding 10 ml hydrogen peroxide to 30
ml concentrated sulphuric acid. The glass substrate
and quartz crystal were immersed in the piranha so-
lution for 30 s. After cleaning, the glass was rinsed
thoroughly with deionized water. The piranha solu-
tion removes any organic compounds remaining on
the glass substrate and quartz crystal leaving a clean

surface on the gold electrode for further modification.

The glass substrate and quartz crystal were
loaded into a spin-coater and 100 pl of bio-compo-
site was pipetted onto the glass surface by the Laurell
WS-650MZ-23NPP spin coater. After spin coating
bio-composite, the glass substrate and quartz crystal
were placed in an incubator at 30 °C for 24 h with
calcium chloride to act as a desiccant. After incuba-
tion, the glass substrate and quartz crystal were
loaded into a spin-coater and 100 pl of xanthine ox-
idase was pipetted onto the surface at room temper-
ature.

Quartz crystal microbalance (QCM) system.
Quartz crystal microbalance system is capable to de-
tect very small mass changes via measuring the fre-
quency of crystal. In an attempt to determine the re-
ducibility of bio-composite films the frequency
change and loaded mass is investigated. This crystal
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consists of a thinly cut wafer of raw quartz which is
sandwiched between two gold electrodes and reso-
nate at an extremely well defined frequency. That is
called resonant frequency which is extremely sensi-
tive to small mass changes. The relation between the
resonance frequency and the deposited mass is de-
scribed by the following equation [24]:

—2f?
NN Am
Pl Hg® A

Where f, is the resonance frequency of quartz
crystal (Hz), Am is the mass change (g), A is the pi-
ezoelectrically active area (cm?), pq is the density of
quartz (2.648 g cm), g is the shear modulus of
quartz (2.947 x 10" g cm™! s72).

Owing to that mass sensitive system quartz
crystal can be used as a substrate for thin film meas-
urements. In this study 10 MHz quartz crystal were
used with a commercial system obtained from Open
QCM Company. All measurements were performed
at room temperature and the frequency shift of
coated crystal was recorded considering the fy reso-
nance frequency of un-coated crystal.

Af =

Optical Measurements. UV-Vis spectra of bi-
osensor were recorded using a PerkinElmer Lambda
Spectrophotometer with absorbance scan mode in a
region from 200 nm to 900 nm. After the deposition
of each layer onto glass substrate, UV-VIS measure-
ments were performed and compared with each other.

Vapor Sensing Measurements. The investiga-
tion of the kinetic response of bio-composite films
involved recording the dynamic response upon ex-
posure to the analyte vapor. Chloroform, toluene,
ethyl acetate, acetone and carbon tetrachloride were
chosen as analytes in order to test the film against
different type of vapors. The dynamic response of
the thin films upon exposure to analyte vapor was
recorded using QCM system. Figure 1 shows the
schematic diagram of QCM system which has main
three parts quartz crystal, gas cell and electronic cir-
cuit. QCM measurements were monitored by using
computer controlled system which was commer-
cially purchased from Open QCM Company. 10
MHz quartz crystal was used for the control of dep-
osition process and dynamic vapour sensing meas-
urements. The dynamic response of bio- composite
films on exposure of analyte vapors was carried out
by measuring the resonance frequency change versus
time. As shown in Figure 1 gas in and out holes allow
introducing vapors for exposure or dry air for recov-
ery of thin film. Bio-composite film was exposed to
analyte vapors for 90 seconds and followed 90 sec-
onds dry air was sent into gas cell. Two exposure and
three recovery cycles were performed in order to ob-
serve the reproducibility of bio-composite sensor.
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FIGURE 1
Figure of QCM system
RESULTS AND DISCUSSION figure thin film has weak spectra because of the low

Optical Characterization. UV-VIS absorption
spectroscopy is often used to characterize the optical
properties. In the present study it was used for the
check the reproducibility of bio-sensor thin films.
The optical property, absorption (o) spectra were ob-
tained at ambient temperature in the wavelength
ranges of 300-900 nm by a PerkinElmer Lambda
Spectrophotometer with bio-composite. Figure 2
shows the UV-VIS absorption spectra of bio-compo-
site and its spin coated thin film. It has recognizable
spectra which consist of several peaks and these
peaks correspond to specific transitions. These com-
pounds have 6-6 *, n-¢ *, n-n * and n-x * transitions
as o electrons and n electrons are also found in com-
pounds containing « electrons. Since the bio-compo-
site contains of an aromatic group in chitosan-gelatin,
it absorbs about n-m * electron transition at a wave-
length of about 328 nm. This value is consistent with
the literature [25]. The main focus of recording UV-
VIS spectra is to control the thin film reproducibility.
The increase in absorption of bio-composite after
XO layer deposition is due to the increase of thick-
ness of the sample which has bio-composite layer
sample. It indicates that bio-composite and bio-com-
posite with XO layer was successfully deposited
onto the glass substrate (Figure 2). As seen on the
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material concentration according to bio-composite.
Nevertheless it exhibits same peaks with bio-compo-
site but the only the difference is peaks are low den-
sity and overlapped because of the low material con-
centration of the film.

Gas Sensor Results. Figure 3 shows the dy-
namic response for the bio-composite film sample
against various organic vapors (chloroform, toluene,
ethyl acetate, acetone and carbon tetrachloride) at
room temperature. The bio-composite film responses
to these organic vapors are almost reversible except
carbon tetrachloride vapour. The response and re-
covery times are a few seconds when vapor and dry
air are injected to the gas cell. Although carbon tet-
rachloride vapor produced fast response and recov-
ery has as like the other vapors the recovery was not
completely.

As seen on the graph, there is not any signifi-
cant loss in sensitivity which exhibits the thin film
coatings were stable and have been used many times.
The bio-composite film sample is found to be rea-
sonably selective and significantly sensitive to chlo-
roform vapor than other organic vapors. Other va-
pors exhibit quite similar response levels to each
other. Figure 4 shows the maximum response values
for each vapor.
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FIGURE 2
The UV-VIS absorption spectra of bio-composite before and after enzyme
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The bio-composite film sample against various organic vapors

13302

FEB



© by PSP Volume 30— No. 12/2021 pages 13297-13305 Fresenius Environmental Bulletin

Wi Respones, (B, He
=t

15
&
L]

Chiralerm

Tokiene

Ethly Acetetc

Car b Tetrachiorde

FIGURE 4
The maximum response values for organic vapors

TABLE 1
Vapor properties and response results of bio-composite film

The concentration of Vapor pressure Response per con- Molecular
the analyte vapors (20 °C) [ Sigma centration weight g/mol
(ppm) Aldrich] (Hz/ppm)
Toluene 30.09 22 mmHg 0.13 92.14
Carbon tetrachlo- 33.22 91 mmHg 0.15 153.82
ride

Ethyl acetate 32.82 73 mmHg 0.10 88.11
Chloroform 39.98 160 mmHg 0.23 119.38
Acetone 43.66 184 mmHg 0.06 58.08

Table 1 gives the vapor properties of analytes.
Vapor pressure and the concentration of vapor are
crucial for sensor studies. Intermolecular interac-
tions of volatile compounds are relatively weak and
contribute more to vapor pressure. Thus the vapor
pressure and the intermolecular interactions are in-
versely proportional.

In all studied vapors, chloroform is one of the
compounds with the highest molecular weight and
the highest vapor pressure. Therefore it is one of the
gases with the most volume per unit and causes the
greatest response with the enzyme.

Since carbon tetrachloride has the highest mo-
lecular weight and vapor pressure is less than chlo-
roform, it is seen in the graph that it interacts with
the enzyme less than chloroform. Besides the mag-
nitude of the response, the sensor is not fully recov-
ered after the vapor has been removed. The reason
for this was determined to be irreversible inhibition
between carbon tetrachloride and enzyme. In this
sense; an irreversible inhibition can be effected from
one or more functional groups of enzymes. It is
known that this inhibition occurs when the inhibitor
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covalently attaches to the enzyme or forms a strong
complex which is difficult to separate [26].

Although the molecular weight of ethyl acetate
is less than the other compounds, intermolecular in-
teraction is higher due to the low vapor pressure.
Therefore, the amount of analyte molecule passing
into the vapor phase is fewer. Thus the number of
ethyl acetate molecules interacting with the enzyme
is lower and due to the low molecular weight, a lower
value and less response were observed in the graph.

Acetone has the highest vapor pressure among
the studied compounds and therefore it has the great-
est amount of analyte per unit area. Wherefore the
low molecular weight, it caused a lowest response
than other analyte vapors.

Toluene has high molecular weight and lower
vapor pressure than the other studied compounds
which indicates that the interaction between toluene
molecules and the sensor is high. Thus toluene was
produced the third highest response besides it
showed fully recovers rather than carbon tetrachlo-
ride.
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CONCLUSIONS

The aim of this study was to investigate the sen-
sor response of bio-composite thin film upon expo-
sure to several organic vapors. Bio-composite film
consists of two layers, the first layer is gelatin and
chitosan mixture, the second layer is xanthine oxi-
dase. Xanthine oxidase was chosen for the active
layer of the vapor sensor which interacts with the an-
alyte vapors and gives response depending on the
amount of the interaction. Thin films of bio-compo-
site with enzyme layer were successfully produced
and controlled with the UV-vis. Bio-composite films
were exposed to chloroform, toluene, ethyl acetate,
acetone and carbon tetrachloride vapors. In order to
perform a comparative study, dynamic measure-
ments were carried out using QCM measurement
systems. The dynamic measurement technique gives
an opportunity to control the sensitivity of the sensor
system against each analyte vapor. The results ob-
tained show that bio-composite sensor demonstrate
significant responses to all vapors and responses are
fast, reproducible and reversible to all vapors except
carbon tetrachloride. A larger response to chloroform
occurred than other organic vapors. Finally, bio-
composite film with xanthine oxidase enzyme can be
used as a sensor material and can be used in the de-
velopment of room temperature organic vapor sensor
devices. In addition, by using the method of deter-
mining acetone vapor from the breath, patients can
be diagnosed with an easy and painless method and
the patient's disease process can be monitored.
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