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Abstract: 3,4-dihydroxy-L-phenylalanine (L-DOPA) is one of the precursor molecules for
the biosynthesis of neurotransmitters in the brain. Monitoring of L-DOPA levels as a drug or
biomolecule in biological fluids is crucial for the treatment of patients suffering from
Parkinson’s Disease. This study aimed to construct a cloud funnel mushroom (Clitocybe
nebularis (Batsch), P. Kumm.) tissue homogenate-based biosensor for precise and sensitive
detection of L-DOPA in artificial plasma and urine. For this purpose, in the fabrication of the
biosensor, tissue homogenate of C. nebularis was immobilized into a carbon paste electrode
by using graphite, mineral oil, gelatine and glutaraldehyde. The amperometric signals
corresponding to 600 s were recorded as response current for each L-DOPA concentration.
All amperometric measurements were carried out at -700 mV (versus Ag|AgCl). The present
biosensor successfully detected L-DOPA with a linear dynamic range at 2.5-100 uM and
Limit of Detection (LOD) value as 0.76 uM, as well as standard deviation as £0.41 uM and

g(zj;{t:sg);m coefficient of variation as 0.82% (n=16). Additionally, the determination of L-DOPA spiked
in artificial plasma and urine was carried out successfully. The present work would be the

Key words: first study that utilized C. nebularis tissue as a biosensor component.
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molekiillerden biridir. Biyolojik sivilarda, ilag veya biyomolekiil olarak L-DOPA
diizeylerinin izlenmesi, Parkinson hastaligina sahip kisilerin tedavi siireci i¢in 6nemlidir. Bu
calismanin amaci, sentetik plazma ve idrar 6rneklerinde L-DOPA molekiiliiniin dogru ve
duyarl1 bir tayinine yonelik, bulutlu huni mantar1 (Clitocybe nebularis (Batsch), P. Kumm.)
doku homejenati temelli bir biyosensor sistemi gelistirmektir. Bu baglamda, biyosensor
yapiminda, C. nebularis doku homojenati; grafit, mineral yag, jelatin ve glutaraldehit
kullanilarak karbon pasta elektrot igine immobilize edilmislerdir. 600. saniyeye karsilik gelen
amperometrik sinyaller her L-DOPA konsantrasyonu i¢in yanit akimi olarak kaydedilmistir.
Tiim amperometrik dlgiimler -700 mV (vs Ag|lAgCl) potansiyelinde gergeklestirilmistir.
Gelistirilen biyosensér, L-DOPA molekiiliinii 2,5-100 pM tayin araliginda ve 0,76 uM tayin
limitinin yani sira £0,41 puM standart sapma (n= 16). ve %0,82 varyasyon katsayisi ile
saptayabilmistir. Ayrica sentetik plazma ve idrar igerisine eklenmis L-DOPA miktarinin da
tayini basar1 ile ger¢eklestirilmistir. Bu ¢aligma C. nebularis dokusunun ilk kez bir biyosensor
bileseni olarak kullanildig1 caligmadir.

Introduction

In the last two decades, the field of electrochemical
biosensors has evolved rapidly by means of various types
of transducers including amperometric (Ozcan & Aydin
2016), potentiometric (Rasmussen et al. 2007), and
voltammetric (Li et al. 2015) along with bio-components
such as tissues (Ozcan & Sagiroglu 2014), enzymes
(Davletshina et al. 2020), antibodies (Sayikli Simsek et al.
2015), microorganisms (Gao et al. 2017) and DNA (Faria
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& Zucolotto 2019). Electrochemical biosensors offer
various advantages over conventional analytical
techniques including sensitivity, precision, low cost and
portability as well as simplicity of the instrumentation and
fast response time (da Silva et al. 2017). Hence, biosensor
systems are widely used for the detection of several target
molecules in the fields of medical diagnosis (Sun et al.
2014), bioprocess control (Pontius et al. 2020),
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environmental analyses (Nomngongo et al. 2011), food
quality control (Sagiroglu et al. 2011) and pharmaceutical
analyses (Camargo et al. 2020).

In the construction of tissue-based electrochemical
biosensors, tissue homogenates from various living
organisms such as pigs (Thoppe Rajendran et al. 2020),
mushrooms (Sezgintirk & Dingkaya 2012) and plant
tissues including banana (Ozcan & Sagiroglu 2010),
artichoke (Odaci et al. 2004), Myrtle (Ayna & Akyilmaz
2018) are employed for detection of toxins (Sanders et al.
2001), drugs (Thoppe Rajendran et al. 2020), herbicides
(Breton et al. 2006) and phenolic compounds such as rutin
(Zwirtes de Oliveira et al. 2006), epinephrine (Felix et al.
2006), caffeic acid (Fernandes et al. 2007), catechol
(Ozcan & Sagiroglu 2010) and dopamine (Ori et al. 2014).

Clitocybe nebularis (Batsch), P. Kumm. known as
clouded agaric or cloud funnel mushroom is a well-
studied fungus, thanks to the neuroprotective, antioxidant,
antimicrobial and cytotoxic properties of its constituents
(Kosanic¢ et al. 2020). Although C. nebularis was reported
to have laccase gene (Luis et al. 2004), neither
determination of laccase activity nor utilization in
biosensor construction have not been studied so far.

3,4-dihydroxy-L-phenylalanine (L-DOPA) has great
importance for neurobiochemical reactions in the brain since
it is a precursor for catecholamines including dopamine,
epinephrine and norepinephrine. Due to the ability to pass the
blood-brain barrier, L-DOPA specimens are effective drugs
for the treatment of Parkinson’s Disease (Hormozi-Nezhad
et al. 2017). In the last two decades, several analytical
methods such as HPLC (Kumarathasan & Vincent 2003),
LC/MS (César et al. 2011), spectrophotometric
(Tashkhourian et al. 2011), electrochemical (Brunetti et al.
2014), colorimetric (Chou et al. 2019) were developed for
the detection of L-DOPA, owing to the pharmacological
importance of L-DOPA. Amperometry is one of the widely
used electrochemical methods in tissue-based biosensors as
well as in determination of L-DOPA, since it is easy to apply,
inexpensive and allows simultaneous monitoring of
responses (Brunetti et al. 2014, Sandeep et al. 2018, Timur
etal. 2004).

The aim of our study was the development of a simply
constructed C. nebularis tissue homogenate-based
biosensor, which could detect accurately and sensitively
L-DOPA in artificial plasma and urine. Therewithal, the
determination of laccase activity of C. nebularis by using
the ABTS method would be accomplished for the first time.

Materials and Methods

Materials and Reagents

Graphite, mineral oil, 3,4-dihydroxy-L-phenylalanine
(L-DOPA), 2,2'-azinobis[3-ethylbenzothiazoline-6-
sulfonic acid], diammonium salt (ABTS), bovine serum
albumin (BSA) and all other chemicals were purchased
from Sigma-Aldrich (St. Louis, MO, USA). In all
experiments, measurements and preparation of the
solutions, except ABTS prepared in 100 mM citrate buffer
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at pH 4.0, were carried out in 50 mM phosphate buffer at
pH 7.0. The cloud funnel mushroom was collected from
Istranca Mountains (Kurklareli-Turkey) in November
2019 and stored at -80°C until use. The commercial drug
specimens of L-DOPA named Madopar® containing 100
mg L-DOPA and Dopalevo® containing 100 mg L-DOPA
were purchased from a local pharmacy. The artificial
serum solution was prepared in a 50 mM phosphate buffer
system at pH 7.5 by adding 2.5 mM urea, 0.1% human
serum albumin and 4.7 mM (D +)-glucose as well as
serum electrolytes including 4.5 mM KCI, 5 mM CaCly,
145 mM NaCl. The artificial serum solution was used
without any dilution. Artificial human urine was prepared
in a 50 mM phosphate buffer system at pH 6.5 by addition
of 1.49 mM uric acid, 2.45 mM sodium citrate, 7.79 mM
creatinine, 249.75 mM urea, 0.19 mM potassium oxalate,
23.67 mM ammonium chloride along with 11.97 mM
NazSO0a, 4.39 mM MgSOs, 1.66 mM CaCly, 30.95 mM
KCI and 30.05 mM NaCl. This method was described in
detail by Sarigul et al. (2019).

Apparatus

All electrodes of the three-electrode system including
a carbon-paste working electrode, Pt wire as counter
electrode and Ag/AgCl as reference electrode were
purchased from BASI® Corporate (Indiana, USA).
Ag/AgCI reference electrode was stored in 3 M KCI
solution for saturation until usage. A PC-controlled
potentiostat, PalmSens3®, along with PSTrace® software,
which was used in all electrochemical experiments were
purchased from PalmSens BV (Utrecht, Netherlands). A
Potter-Elvehjem homogenizer purchased from interlab
(istanbul, Turkey) was used for homogenization of the
mushrooms. A spectrophotometer purchased from
ThermoFisher Scientific (Renfrewshire, UK) was used for
protein and activity assays. A circulating thermostat named
BM302 employed for thermostable conditions in all
experiments was purchased from Niive (Ankara, Turkey).

Determination of Biochemical Properties of Clitocybe
nebularis

The isolation of laccase from C. nebularis was carried
out by the modification of the method described before
(Zhang et al. 2010, Tuncay & Yagar 2020). For this
purpose, washed and dried mushrooms were
homogenized by using a Potter-Elvehjem homogenizer
containing 0.15 M NaCl. Then, the homogenate was
centrifuged at 8000 rpm for 15 min. The resultant
supernatant was used as the enzyme source for
spectrophotometric measurements.

Protein assays via BSA and Coomassie Brilliant Blue
G-250 were carried out according to the Standard
Bradford method (Bradford 1976) for determination of
the protein amounts of C. nebularis tissue homogenates.

A modified version of the ABTS method described by
Shin & Lee (2000) was used for determination of laccase
activity of tissue homogenates. The absorbance values at

420 nm and 25°C of the assay mixture containing tissue
homogenates (0.1 mL) and ABTS (0.9 mL) were
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monitored for 3 minutes. The data from the measurements
that occurred at time intervals of 0, 30, 60, 90, 120, 180
and 240 s were recorded for calculation of activity. One
unit of enzyme activity was defined as the amount of
enzyme required to oxidize 1 pmol of ABTS per min. The
laccase activity of C. nebularis tissue homogenates was
calculated according to the equitation of the study of
Baltierra-Trejo et al. (2015). The laccase activity
equitation was given below where,

AA: Final absorbance - initial absorbance
Vt: total volume (mL)
Vs: volume of tissue homogenates (mL)

¢: coefficient of molar extinction of ABTS (36,000 L
mol™* cm™ at 420 nm)

AAXVt (mL)x10° (1)

Laccase activity (U L) = xVs (L)Xt (min)

The Biosensor Construction

Prior to use, the carbon paste electrode was sonicated
in absolute ethanol to remove physically absorbed
particles in the cavity of the electrode. The construction
of the biosensor was carried out by the modification of the
method described before (Kozan et al. 2007). For this
purpose, 120 mg of graphite powder and 140 pL (60 mg)
of mineral oil were mixed for 10 minutes to obtain a
homogenous carbon paste. Subsequently, 30 puL aliquot of
C. nebularis tissue homogenate, which was obtained by
using a Potter-Elvehjem homogenizer containing 0.15 M
NaCl, were strewed thoroughly into carbon paste by
mixing the slurry. Then, the tissue homogenate modified
carbon paste was carefully and firmly packed into the
cavity of the electrode. After the electrode surface was
smoothed with a weighing paper, 25 uL of gelatine at 2.5
mg/mL concentration was dropped and dispersed onto the
modified electrode as a protective layer. After the
incubation of the gelatine-modified electrode at +4°C for
30 minutes, the electrode was dipped in the 2.5%
glutaraldehyde solution as a cross-linker prepared in 0.1
M PBS at pH 7.5. Finally, for a well-built cross-linking,
the electrode was allowed to incubate for 15 minutes in
this solution. Then, the biosensor was rinsed carefully
with distilled water. The construction of the C. nebularis
tissue homogenate-based biosensor was schematically
shown in Fig. 1.

The Principle of the Measurements

The principle of the measurements was based on
monitoring the amperometric responses of the biosensor
for the oxidation of L-DOPA to dopaquinone by C.
nebularis tissue. The amperometric signals were
measured by using the three-electrode system at a
constant temperature (35°C) and in 20 mL of 50.0 mM
PBS at pH 7.5 under the operating potential of -700 mV
(versus Ag|AgCI), which was the reduction potential of
oxygen (Ozcan & Sagiroglu 2014). For each
measurement, the electrode was allowed to equilibrate for
100 s to the signal to reach a steady-state that was
recorded as the baseline current.
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Fig. 1. Schematic presentation of construction of tissue
homogenate-based biosensor.

The amperometric signals corresponding to 600 s were
recorded as response current for each L-DOPA
concentration, which was added separately in a freshened
electrolyte solution. The differences between the baseline
current values and response current values were
calculated and denoted as Al. After each measurement,
the electrode was allowed to regenerate in PBS for 3 min.

Analyses in Artificial Plasma and Urine

Artificial plasma and urine were prepared as described
above. Both of these solutions were used as an electrolyte
solution instead of PBS in the measurement cell.
Moreover, L-DOPA and commercial drugs named
Madopar® and Dopalevo® were spiked in these solutions
separately for evaluations of the analytical performance of
the proposed biosensor. Tablets of each commercial drug
were dissolved in 10 mL PBS at pH 7.5 by incubating in
a sonicating bath for 30 min. Then, the drug samples were
filtered and centrifuged at 6000 rpm for 10 min to obtain
a bright and homogenous drug solution. The
spectrophotometric method for the detection of L-DOPA
was based on the measurement of absorbance levels at 280
nm (Karpinska et al. 2005). An L-DOPA calibration curve
with a dynamic range of 10-200 uM was plotted for each
reaction medium including PBS, artificial plasma and
urine. In case the absorbance was higher than the
detection range, a dilution was applied to drug solutions.
Furthermore, for drug analyses, another L-DOPA
calibration curve with a linear range of 10-200 uM was
plotted by using the present tissue homogenate-based
biosensor. Concentrations of the drug solutions were not
properly calculated, owing to the dissociation problem of
the drug tablets. Thus, a spectrophotometric method was
employed to determine the exact concentration of the drug
solutions. Hence, in biosensor experiments, drug
solutions were diluted with PBS, artificial plasma or urine
by evaluating the concentrations detected via
spectrophotometry. Then, the L-DOPA levels of drug
solutions were determined for comparison with the
present biosensor.
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Statistical Analysis

The Limit of Detection (LOD) representing the
lowest detected quantity of L-DOPA biosensor was
determined via the equation of 3.3xSd/m. Sd and m
which represent the standard deviation of the intercepts
and slope of the calibration curve, respectively, were
calculated by using the regression module of Microsoft
Excel® software. For evaluation of the repeatability of
the parameters, Al values measured for 16 separate
addition of L-DOPA at 50.0 uM were replaced as “y” in
the equation of calibration curve.

The mean values, standard deviations and coefficients
of variation of the biosensor were calculated by using
Microsoft Excel® software.

Results
Biochemical Properties of Clitocybe nebularis

In total protein assay via the standard method of
Bradford, the protein concentration of C. nebularis was
determined as 0.421 mg/mL. The laccase activity
determined via the ABTS method was calculated as
144.54 U/L according to the equation given above.

Optimization of the Biosensor Fabrication

Optimization experiments of the immobilization
steps had great importance to evaluate effective
detection characteristics for the biosensor constructed.
For this purpose, parameters including the amount of
gelatine, the amount of mushroom tissue and the volume
of homogenate as well as pH and temperature were
optimized.

The concentration of gelatin directly affected the
signal rate, since gelatine acted as a slight barrier for
oxygen and L-DOPA transport. However, the protection
and stability of the electrode surface were provided by the
gelatine layer. Thus, the optimization of the concentration
of gelatine was one of the crucial steps for biosensor
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construction. For the determination of optimum gelatine
amount, four different electrodes were fabricated by using
gelatine at different concentrations as 1.0 mg/mL, 2.5
mg/mL, 5 mg/mL and 10 mg/mL. Calibration curves
shown in Fig. 2 for each concentration of gelatine were
plotted between Al values and L-DOPA concentrations.

The amount of mushroom tissue for the preparation of
tissue homogenate was an important parameter for the
catalytic reaction of L-DOPA and indirectly the signal
rate. Hence, tissue homogenates coalesced with carbon
paste were prepared by using different amounts of C.
nebularis tissue including 50 mg, 100 mg, 200 mg and
400 mg. Calibration curves for each amount of C.
nebularis tissue plotted between Al values and L-DOPA
concentrations were shown in Fig. 3.

Determination of the optimum volume of tissue
homogenate coalescing to carbon paste is a critical step
to obtain a homogenous dispersion of tissue in the
carbon paste stuffing the electrode cavity. For this
purpose, three different carbon pastes consisted of tissue
homogenate at different volumes including 15 pL, 30 uLL
and 60 pL were prepared and used for biosensor
construction. Calibration curves obtained from these
biosensors are shown in Fig. 4.

For the determination of optimum pH of the tissue
homogenate-based biosensor, different buffer systems
including citrate buffer for pH values between 4.5 and 5.5
along with phosphate buffer for pH values between 6.0
and 8.0 were prepared and used in the reaction cell. The
measurements and regenerations were carried out
separately in these seven buffer systems by using the same
biosensor. In the optimum pH experiments, signal levels
corresponding to L-DOPA at 5 uM concentrations for
each buffer system were monitored and recorded. Relative
activity calculated by using biosensor responses at
different pH levels is shown in Fig. 5.

y =7.8246x - 14.878
R?>=0.9876

y =5.3738x + 15.097
R>=0.998.

y =2.6931x - 00731
R2=0.9965

-

y =2.1091x + 8.2354
R2=0.9922

800
¢ 1.0 mg/mL gelatine
A 2.5 mg/ml gelatine
600 W5.0 mg/mL gelatine
< 10 mg/mL gelatine
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Fig. 2. Calibration curves obtained from the biosensors contained different concentrations of gelatine dissolved in PBS.
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Fig. 3. Calibration curves were obtained from the biosensors prepared with different amounts of C. nebularis tissue.
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Fig. 4. Calibration curves obtained from the biosensors contained different volumes of tissue homogenate.
For the determination of optimum temperature, the 120 r
measurements and regenerations were carried out in
different temperature conditions including 15°C, 20°C, 100 F
25°C, 30°C, 35°C, 40°C and 45°C. In the optimum .
temperature  experiments, biosensor  responses S 80
corresponding to L-DOPA at 5 uM concentrations for 2
each degree were monitored and recorded. Relative Z 60 r
activity calculated by using biosensor responses at &
different temperatures is shown in Fig. 6. % 40 r
©
Linear range 2 20
For the determination of linear range, the limit of ) ) ) ) ) ) ) )
detection (LOD) and sensitivity of the present biosensor, 0 4 45 5 55 6 65 7 75 85
a biosensor was fabricated by using optimum conditions : ' ' ' :
determined before. Then, a calibration curve shown in pH
Fig. 7 was plotted between AI values and L-DOPA . )
Fig. 5. The effect of pH on biosensor responses.

concentrations at 2.5 pM, 5.0 uM, 10 uM, 25 uM, 50 uM,
75 uM and 100 pM.
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Fig. 6. The effect of temperature on the biosensor responses.
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Fig. 7. The calibration curve of C. nebularis tissue homogenate-
based biosensor.

The LOD value of the proposed biosensor obtained
from data of the calibration curve was determined as 0.76
uM for L-DOPA. Moreover, the slope of the calibration
curve representing the sensitivity of the L-DOPA
biosensor was also determined as 5.5038 nAuM™,

Correlations between L-DOPA concentrations and
total charge values were also investigated. For this
purpose, a calibration curve was plotted by using total
charge value measured at 800 s by changing L-DOPA
concentrations using 25 uM, 50 uM, 75 uM and 100 pM.
The LOD value was also calculated for this detection
method by using the calibration curve shown in Fig. 8.

300
250

y =2.2682x + 64.92
R2=0.9973

200
150

Total Charge (mC)

100 |
50

O 1 1 1 1 )

0 20 40 60 80 100

L-DOPA (uM)

Fig. 8. Calibration curve of the present biosensor for L-DOPA
plotted by using total charge values.
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Analytical performance of the tissue homogenate-
based biosensor, for consecutive additions of L-DOPA,
was also examined. The biosensor responses
corresponding to different L-DOPA concentrations as 10
uM, 25 uM, 50 uM, 75 pM, 100 puM, 150 uM and 200
uM were shown in Fig. 9. By using these responses, a
calibration curve shown in Fig. 10 was plotted between L-
DOPA concentrations and cumulative Al values, which
were calculated by using the differences between the
baseline current value at 100 s and the current value (I)
measured every 600 s after each L-DOPA addition.

125 2

200 pM

Current/pA
«—— 100 uM

—75uM

£
~
th
+«— 10 uM
25 M

0,00

0 1000 2000 3000 4000 5000 6000
Time/s

Fig. 9. Biosensor responses for consecutive addition of L-DOPA
at different concentrations.
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Fig. 10. Calibration curve of the present biosensor plotted by
evaluating data from Fig. 9.
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Fig. 11. Biosensor responses for 12 multiple separate
measurements for 50.0 uM L-DOPA.
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Fig. 12. Operational stability of the biosensor.

Repeatability and operational stability of the biosensor

Repeatability referring to accuracy, precision and
standard error is a crucial parameter for biosensor
systems. For evaluation of the repeatability parameters, Al
values measured for 16 separate addition of L-DOPA at
50.0 uM, were replaced as “y” in the equation of
calibration curve. The mean value, standard deviation and
coefficient of variation of the biosensor were determined
as 50.01 uM, +0.41 pM and 0.82% (n = 16), respectively.

Operational stability that represents the durability of
the biosensor to multiple measurements were also studied.
For this purpose, 12 separate measurements without
regeneration for 50.0 uM L-DOPA were carried out. The
biosensor responses and calculated relative activity values
for each measurement were shown in Figs 11 and 12,
respectively. As can be seen in the figures, the tissue
homogenate-based biosensor had good stability for
multiple measurements with reasonable precision.
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Application to artificial human plasma and urine
samples

The monitoring of L-DOPA drugs in urine and plasma
has reasonable importance for patients with Parkinson’s
disease, who are treated with L-DOPA drugs. Evaluation of
the analytical performance of the tissue homogenate-based
biosensor in physiological fluids is a crucial parameter
representing the potential utility of the biosensor in clinical
diagnosis. Thus, the analytical performance of the present
biosensor was tested in artificial plasma and urine samples.
Moreover, the proposed biosensor was examined for the
detection of L-DOPA amounts in commercial drugs named
Dopalevo® and Madopar®. The dissolving of L-DOPA and
drugs as well as all of the measurements were carried out
by using artificial plasma and urine instead of PBS. By
using the reagent L-DOPA, calibration curves with a
detection range between 10-200 uM were plotted for each
electrolyte solution including PBS, artificial plasma and
urine. R? value and LOD values of these calibration curves
were calculated as 0.9990, 0.9984, 0.9986 and 2.05 uM,
2.63 uM, 2.46 uM, respectively. In order to determine the
concentrations of commercial drugs by using the proposed
biosensor, 500 uL of drug solutions were spiked into the
reaction cell containing artificial plasma or urine.
Concentrations of drug solutions were not curvaceously
calculated, owing to the dissociation issue of drug tablets.
Thus, a spectrophotometric method was employed to
determine the exact concentration of the drug solutions.
Hence, drug solutions were diluted with PBS, artificial
plasma or urine by evaluating the concentrations detected
via spectrophotometry. The biosensor responses and
spectrophotometric analyzes were compared in Table 1.

Table 1. The analytical performance of the tissue homogenate-based biosensor in artificial plasma and urine (n=3).

L-DOPA measured by

L-DOPA measured by present biosensor

1 0, 1 0,
Spiked Samples e e et ) (M) (n=3) Recovery (%) Bias (%)

L-DOPA in 65.11 65.91+ 053 101.22 1.22
artificial plasma
L-DOPAin 65.25 67.02+0.51 102.71 271
artificial urine

.
Dopalevo® in 92.91 9523 + 0.86 102,50 2.50
artificial plasma

.
Dopalevo® in 141,56 146,37 + 139 103.41 3.41
artificial urine

.
Bopalevoi 30.09 30.38 £ 0.28 100.98 0.98
PBS
Madopar® in 91.43 94.04 £ 0.75 102.86 2.86
artificial plasma
Madopar® in 144.32 149.70 + 1.45 103.73 373
artificial urine

.
g"B""gOpar in 56.15 56.73 +0.46 101.03 1.03
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Discussion

It was reported that some other mushrooms such as
Agaricus bisporus  (J.E. Lange) Imbach, Coprinus
comatus (O.F. Miiller) Persoon, Ganoderma tsugae
(Murrill), Lentinellus ursinus (Fries) Kiihner, Russula
delica (Fries) and Trametes versicolor (L Linnaeus)
Lloyd have protein concentrations as 0.509 mg/mL, 0.456
mg/mL, 0.316 mg/mL, 0.409 mg/mL, 0.456 mg/mL and
0.409 mg/mL, respectively (Pandey & Budhathoki 2007)
similar to Clitocybe nebularis, which was used in the
present study. Baltierra-Trejo et al. (2015) explained in
detail and emphasized that there were a lot of identified
inconsistencies in values, units and calculation formulas
of the laccase activity in the literature. Hence, proper
comparisons of laccase activities determined by the
ABTS method could not be accomplished.

Itis clearly seen in Fig. 2 that, since the concentration
of the gelatine could affect the transfer of oxygen and
transportation of L-DOPA to the electrode surface,
biosensor signals were decreased by increasing gelatine
concentrations. Even though the biosensor containing 1.0
mg/mL gelatine had the highest signals, the linearity of
this biosensor was worse than the biosensor that contained
2.5 mg/mL gelatine. It was observed that rigidity and
thickness of the gelatine layer could not be stable in the
case of 1.0 mg/mL gelatine concentration. Hence,
probable desertion of tissue from electrode surface to
reaction media could occur. Since the biosensor
containing 2.5 mg/mL gelatine had the best linearity and
stability, 2.5 mg/mL was selected as the optimum
concentration for gelatine.

Increased C. nebularis tissue was expected to cause
more L-DOPA conversion that increased responses of the
biosensor. However, as it is seen in Fig. 3, the highest
signals for L-DOPA detection were obtained from the
biosensor prepared by using 50 mg tissue. This could be a
result of the homogenization process applied since
homogenization by utilizing a Potter-Elvehjem
homogenizer consisted of a small volume and short time
process, an increase in tissue amount brought about the
problems including dispersion, squeezing and adhesion of
tissue in the homogenizer. It was observed that in the case
of tissue homogenates containing 200 mg and 400 mg
tissue could not be properly smashed, dispersed and
squeezed in the homogenizer. Hence, the yield of tissue
homogenization, as well as tissue amount coalescing with
carbon paste was decreased. Although the biosensor
prepared with 50 mg of tissue had the highest signals, it had
the lowest R? value responding to the linearity of the
calibration curve. Thus, considering all results in terms of
linearity and biosensor response, 100 mg tissue was
selected as the optimum tissue amount for homogenization.

Since carbon paste had a hydrophobic composition
without tissue homogenate, an increase in the volume of
tissue homogenate could cause a problem for
homogenous dispersion of mushroom tissue into the depth
of the carbon paste. Hence, the lowest biosensor responses
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could be obtained from the biosensor fabricated by using
60 pL of tissue homogenate, although its linearity was
higher than the other two biosensors. Additionally, in the
preparation of carbon paste, when mushroom tissue
homogenate volume was higher than 30 pL, aggregate
formation on the plate was observed. In case that the
volume of tissue homogenate was 15 pL, although a well-
built coalescing between tissue and carbon paste occurred,
the enzymatic conversion of L-DOPA was inadequate for
higher signals. As seen in Fig. 4, the biosensor fabricated
by using 30 pL of tissue homogenate had better linearity
and higher signal rate than the other biosensors. Thus, the
optimum volume of C. nebularis tissue homogenate was
determined as 30 uL for L-DOPA detection.

In tissue homogenate, many types of enzymes such
as laccase, tyrosinase or polyphenol oxidase could
convert L-DOPA to dopaquinone. Thus, as seen in Fig.
5, the proposed tissue homogenate-based biosensor
worked well by the activity up to 80% and reached to
optimum value at pH 7.5. These results were expected
results for a tissue homogenate-based biosensor since
similar plots were obtained by other tissue-based
biosensors (Leite et al. 2003a, Sezgintiirk et al. 2005,
Felix et al. 2006, Liu et al. 2010, Narang et al. 2011,
Rahimi-Mohseni et al. 2018, Sandeep et al. 2018).
Moreover, the optimum pH depended on both the
presence of the catalyzing enzymes and the solubility of
the substrate at these pH values. In this case, the
solubility of L-DOPA increased slowly at around neutral
pH, owing to its charged groups (Ali et al. 2014).
Furthermore, these properly-working pH scales of the
proposed biosensor facilitated the detection of L-DOPA
in human samples at different pH values such as plasma
at pH 7.4 and urine at pH 6.0. Finally, since the
isoelectric point of L-DOPA is 5.2, biosensor responses
at pH 5.0 and pH 5.5 might be decreased.

In optimum temperature experiments, although a
tendency of increase in the activity was observed at higher
degrees, 35°C was selected as the optimum temperature
due to the low stability of gelatine at temperatures higher
than 35°C (Odaci et al. 2004, Topgu et al. 2004,
Sezgintiirk & Dingkaya 2005, Ozcan & Sagiroglu 2010).

As seen in Fig. 7, the calibration curve had good R?
representing linearity and a wide detection range, from 2.5
UM to 100 uM, which includes the concentrations of L-
DOPA levels in plasma and urine for both healthy and
people using L-DOPA drugs determined before
(Baranowska & Plonka 2008).

Since an increase in the current caused enhancing the
migration of electrons to the electrode surface, the signal
was in a tendency of increasing by the addition of L-
DOPA. The LOD value of this method evaluated by
using the same calculation method discussed above was
determined as 2.73 pM. The linearity as R? value and the
sensitivity of this curve along with LOD value showed
that total charge could be promisingly utilized for the
quantification of target molecules.
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Table 2. Comparison of the L-DOPA biosensors on literature.
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Analytical

Detection

Linearity LOD

Biocomponent Method Range M) (R (M) Ref.
Differential
Isolated laccase from Pleurotus ostreatus Pulse 6.7-70 N/A 0.24 (Leite et al. 2003b)

Voltammetry
Extracted tyrosinase from Amorphophallus

campanulatus Oppizzl

Isolated laccase from Trametes versicolor Amperometry
Commercial laccase from Cerrena unicolor ~ Amperometry
Purified laccase from Trametes versicolor Amperometry
Commercial tyrosinase from mushroom Amperometry

Differential Pulse
Voltammetry

Extracted polyphenol oxidase from
Manilkara Zapota

Extracted polyphenol oxidase from banana

fruit Amperometry

Tissue homogenate of Clitocybe nebularis Amperometry

10-1000 0.99 3.0 (Sainietal. 2014)

20-20 19898 N/A (Timur etal. 2004)
1-40 0.999 0.49 (Jarosz-Wilkotazka et al. 2005)
1-20 0.9996  0.65 (Haghighi et al. 2003)

0.8-22 0.9907 2.5  (Brunetti et al. 2014)

2-140 0.933 1.85 (Sandeep et al. 2018)

0.2-400 0.994 0.2  (Narang et al. 2011)

2.5-100 0.9993 0.76  Present study

In Table 2, the present C. nebularis tissue-based
biosensor was compared to other biosensors for L-DOPA
detection in parameters including linear range, LOD and
linearity.

Although the biosensors (Haghighi et al. 2003, Leite
et al. 2003b, Jarosz-Wilkotazka et al. 2005) have lower
LOD values than the proposed biosensor with similar
linearity, the detection ranges of these biosensors were
narrower than our biosensor had. Even though the
biosensors (Saini et al. 2014, Sandeep et al. 2018) could
detect L-DOPA with a wide range, the present biosensor
showed a better correlation and had a lower LOD value.
Moreover, the linearity, LOD value and detection range
of the present biosensor were reasonably preferable to the
biosensors (Timur et al. 2004, Brunetti et al. 2014). The
biosensor of Narang et al. (2011) has better results than
our work, however, it had a more complicated
construction process and more expensive materials for the
fabrication of the biosensor. Since the transition of L-
DOPA and oxygen was a usual challenge for tissue
homogenate-based biosensors, all of these L-DOPA
biosensors having purified, commercial or extracted
enzymes had better response time than the present work.
However, the response time of the present biosensor as
600 s was similar to other tissue homogenate-based
biosensors in the literature (Sezgintiirk & Dingkaya 2003,
2004, Silva et al. 2014). Furthermore, as seen in Table 2,
although other biosensors employed different forms of
enzymes such as isolated, purified, commercial or
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extracted enzymes, their analytical performances were not
much better than our simply-constructed tissue
homogenate-based biosensor. By the use of tissue
homogenate-based biosensors, time-consuming and
complex processes such as enzyme extraction, isolation
and purification are not required. Finally, proposed C.
nebularis tissue homogenate-based biosensor not only
detected L-DOPA molecule consistently, sensitively and
accurately but also offered an easy-to-apply and
inexpensive alternative to those reported in literature.

The calibration curve shown in Fig. 10 facilitated the
monitoring of higher L-DOPA levels with good linearity and
sensitivity. Furthermore, the performance of the proposed
biosensor in consecutive L-DOPA additions showed that it
could work properly with flow-injection systems.

It can be deduced from the results of repeatability
experiments that the present biosensor which had better
values than the other biosensors (Timur et al. 2004, Chawla
et al. 2010), could detect L-DOPA precisely and reliably.

It is obviously seen in Table 1 that the proposed
biosensor had a good performance at analyses of spiked L-
DOPA and commercial drugs in all of the measurement
media. Since the artificial urine containing uric acid and
sulfates might interfere with the signal, a little increase in
biosensor responses caused a tiny deviation for L-DOPA
detection in artificial urine. Moreover, some constituents of
commercial L-DOPA drugs could interfere with the signal.
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Conclusion

A simply constructed and inexpensive C. nebularis
tissue homogenate-based amperometric biosensor was
developed for accurate and sensitive detection of L-
DOPA. The proposed biosensor would be the first
biosensor, which contained a mushroom of Clitocybe sp.
in the literature. In the fabrication of the biosensor, 30 uL
of tissue homogenate was immobilized into the cavity of
the carbon-paste electrode by using 120 mg of graphite
powder, 140 pL (60 mg) of mineral oil, 2.5 mg/mL of
gelatine and 2.5% of glutaraldehyde. The present
biosensor detected L-DOPA with a linear dynamic range
at 2.5-100 uM and LOD value as 0.76 pM, as well as
standard deviation as +0.41 pM and coefficient of
variation as 0.82% (n = 16). It can be noticed from the
results that the proposed biosensor showed good
performance in terms of the means of precision, linearity
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