
KIMIKA 8; 41-4? ( ts:>s>z) 
Pr1.nt ed 1.'1') the Ph1.li.ppi.nes 

An amperometric biosensor �or dopamine 

based on mushroom tissue 

FORTUNATO SEVILLA III
* 

and RAFAT NEJEM 

University o"f S'an to Tomas 

Espana. 11ani 1 a 

A biosensor 

mushroom tissue 

for a.xy�en . 
vas 

The 

in .:li.ssotved oxygen 

of the 

for dopa.mins 

coupled vi.th 

device 

the 

monitored 

medium 

va.s 

a.n 

the 

developed 

a.mperometric 

decrease 

result a. 

.:;.>ci.do.ti.on a.na.lyte i.n the presence of 

�onta.ined i.n mushroom. The response of 

..,as li.neo.rty rel a.ted to the concentration 

The thi.ckeness of the tissue o.nd the pH of 

med4.1m a.ffect,;,d the responses of the sensor. 

the 

of 

the 

Keywords: dopamine sensor . plant-tissue biosensor. 
sensor .. mushroom bi�sensor 

vherein 

s,;,nsor 

in the 

of tha 

enzyma 

biosensor 

dopamine. 

a.na.tyt,;, 

41 

am�erometric 

Biosensors provide a simple. sensitive and rapid strateqy for_ 
the determination of complex orqanic compounds. These devices 
couple a chemically-selective bioloqical system with a sensitive 
transduce to qive an output siqnal which is related to the 
concentration of the analyte. 

Various types of bioloqical elements have been employed in 

biosensors. and immobilized enzymes have been the most widely 
used. However. recently. the use of p l ant tissues in biosensors 
has merited some considerable attention. Plant tissues contain 
naturally immobiliz ed enzymes. and· are therefore simpler to use. 
less e:>:pensive and relatively more stable than the isolated 
enzymes [1.,2]. 

The concept of biosensi nq has been applied by several workers 
for the measurement of dopamine. Dopamine is one of the important 
biogenic amines functioning in the human body as a 

neurotransmitter. A number of plant tissue-based sensor has been 
reported for dopamine. Banana pulp [3 .. 4] and eqqplant [5] have 
been employed in these biosensors. toqether with an amp�rometric 
transduction system. 
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In this paper. a dopamine sensor based on mushroom tis!!:>ue is 
described. Mushroom contains polyphenol oxidase. which catalayzes 
the oxidation of dopamine. This oxidation results in the 

consumption of oxygen. which can be monitored through an 
amperometric sensor. 

Experimental 

Reaaents 

All solutions were prepared with analytic-grade nea9�� and 
disti I led deionized water. Stock solutions ( 1 x l» fofj' of 

dopamine hydrochloride (Sigma) were prepared draiW., Buffer 
solutions were prepared from potassium dihydrogen phosphate 
solution (0.05 M) and sodium hydroxide (0.05 M). 'Phe mushrooms 
were purchased from a local supermarket and storetzf at 4°C until 
use. 

Instrumentation 

The instrume!'ltation system is diagrammed in Figure 1,. It 

consists of a constant potential source. a curren t-to�voltage 
converter and a recorder. The constant potential source and the 
current-to-voltage converter were constructed based on an 

operational .amplifier (UA 741). The constant potential source 
provide a voltage of -667 mV. 

I = .. 12V 

2 = 0 V GROUND 

:3 =-12V. 

-12V 

CXYGEN 

SENSOR 

Figure 1. Block diagr�m of the circuit for the oxygen sensor 
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Sensor construction 

The dooamine biosensor is essentially a fabricated Clark cell 

with a mushroom tissue attached to its sensino end CFioure 2). 
The cathode was a oold wire (diameter 1.02 mm) which was wound 
tiohtly into a flat coil of diameter 9.14 mm. The anode was a 
silver wire (diameter = 1.9 mm) which was formed into a helix 
around a plastic tube of 3 mm diameter and anodized to coat it 

with silver chloride. The e l ectrolyte was a solution of potassium 

chloride (2.3 M) and a phosphate buffer (ph 7.3). The 

oxyqen-permeable membrane was a polyethylene sheet with a 
thickness of abou� 4 m�. 

I 

A slice of tlie mushroom tissue (thickness 
placed over the membrane of the Clark cell and 

= 0;3 mml was 
enclosed by a 

dialysis membrane which was held in place by a silicone 0-rino. 
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FiQure 2. (A} Diaoram of the o>:yoen sensor. (B). Diaoram of the 

dopamine biosensorw 
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Hea'suremen ts 

The measurement were done in a small glass vessel containinq 
30 ml of phosphate buffer which was saturated with air. The 
sensor was immersed in buffer solution.. and the steady state 
value of the response was recorded. A measured amount of the 
dopamine stock solution was then introduced into the buffer 
solution,. and the response of the sensor was recorded until a 

steady state was attained. 

Results and Discussion 

Four different types of mushrooms were tried in this study: 
Agaricus biosporus. Catharellus,. Boletus and Lepiota. Among 
these specimens,. the Agaricus or the common button mushroom 
produced the largest response to dopamine .. when it was coupled to 
an oxygen sensor. It also exhibited the fastest response. As a 
result. the succeeding measurements were carried out using this 
species., 

Figure 3 shows the time response of the fabricated dopamine 

sensor. A-decrease in current occurred. ind:j.cating a consumption 
of oxygen due to the oxidation of dopamine in the presence of the 
polyphenol oxidase in the mushroom tissue. A steady state 
r�sponse was attained within five minutes for a 3 x 10-4 M 
solution of dopamine. The reproducibility of this response was 
sati!ii:factory., a relative standard deviation of 7.97. being obtained 
fof'" a �eries of 11 successive measurements. 

F!osponse( rnv) 
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Figure 3. Time response curve for the depomine biosensor 
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The response of the sensor was affected by the thickness of 

the mushroom tissue used. Figure 4 shows the time response of 
sensors with different thickess of the tissue. The thicker 

tissues exhibited a lower and a slower response compared to the 

thinner tissues. This behavior can ·be att
.
ributed to the 

significance of the diffusion of the analyte through the tissue in 

the performance of the sensor. In view of these observations. a 

tissue thickness of 0 .• 3 mm was adopted. Thinner tissues could not 

be used. because of their lack of mechanical stability. 

Ro/Jponse (mV} 
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Fiqure 4. Response curve of dopamine biosensor with different 

thickeness of mushroom tissue. 

The response of the sensor was not affected sig�ificantly by 

the pH of the analyte solution within the range of pH 6 to 8 
(Figure 5). Measurements were carried out at a pH of 7.4. 

The variation of the sensor response with the concentration 

of dopamine is illustrated in Fiau�e 6. A linear correlation 

CP.earson correlation coefficient. -0.9997) was observed for 

dopamine concentrations in the range of 0.1 to 1.2 mM dopamine. 

The sensitivity of the sensor can be assessed from the slope of 

the calibration curve., and was determined to be 1.97 fRV/mM 

�opamine 
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The lifetime of the sensor was seven days when it was stored 
0 

. . 
in a phosphate buffer at 4 C. The response of the sensor 

decreased by .than 507. after the tenth day. 
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Figure 5. Effect of pH on the response of the dopamine sensor. 
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