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Studies on enzyme based thermometric biosensor are limited. 
Here, we report on fabrication of an alkaline phosphate based 
thermometric biosensor. We designed alkaline phosphatase 
inhibition based biosensor for detection of vanadium using 
immobilized alkaline phosphatase on multi walled carbon nano 
tubes (MWCTs) ethyl cellulose sponge matrix. We isolated 
protein from plant source, partially purified and fabricated a 
miniature ceramic viz. LTCC (low temperature co-fired ceramics 
technology) based biosensor for detection of vanadium. This 
biosensor consists of a microreaction chamber with buried 
heaters. Alkaline phosphatase has been isolated from the seeds of 
‘Arachis hypoghaea’ was studied for its biochemical properties 
viz. optimum pH and temperature. The partially purified enzyme 
was immobilized using carboxyl-functionalised carbon nanotubes 
(CNTs) by cross linking with epichlorohydrin (ECH) along with a 
matrix of ethyl cellulose. The developed LTCC based biosensor 
on testing indicated its linear response to vanadium concentration 
up to 9 mM with a relatively high sensitivity of about 
147 nA/mM. Thus, we have demonstrated a LTCC based 
biosensor using immobilized alkaline phosphatase for detection of 
vanadium. 
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Biosensors are widely used in various fields with 
major applications in the fields of medicine and 
health, industry, pollution monitoring and control 
along with chemical warfare. They have significance 
as appropriate detectors of heavy and toxic metal ions. 
They demonstrate promising for environmental 
monitoring, since the system is simple, rapid and 

selective. Several techniques based on spectroscopy, 
ion-selective electrodes, polarography and 
voltammetry have been described in the past, 
tyrosinase, L-lactate dehydrogenase and nitrate 
reductase have been used for detection of heavy 
metals1. 

Heavy metal ions are observed as one of the 
majority toxic substances affecting the environment2. 
Although some of the heavy metals are essential trace 
elements, majority are toxic to all forms of life at high 
concentrations due to formation of complex 
compounds within the cell. Even in minute 
concentration, heavy metals are hazardous to the 
environment as they are non-biodegradable3. 
Monitoring of heavy metal levels in the environment 
are essential for effective pollution control. Heavy 
metals which inhibit cell activity in concentrations of 
less than 1.0 mg/L are considered highly toxic and 
include Ag, Be, Hg, Sn, Co, Ni, Pb, and Cr. If the 
metal inhibition is between 1-100 mg/L concentration, 
it is said to be semi-toxic and includes As, Se, Al, Cd, 
Cr, Fe, Mo as well as Zn. Metals like Ca, Mg, Sr, Li 
which show inhibition at concentrations above 1800 
mg/L show low metal toxicity3. Vanadium detection 
at very low concentrations is significant as at even 
low concentration, vanadium ions influence both the 
ecosystem and human health3. In most cases, the toxic 
metals like vanadium when comes in contact with 
proteins through some reactive groups they change 
their configuration and leads to inactivation of 
enzymes4. Protein based biosensors which monitor 
enzyme inhibition or activation offer fast response 
times5. Many enzyme catalyzed reactions are 
exothermic, generating heat (Table 1) which may be 
used as a basis for measuring the rate of reaction and, 
hence, the analyte concentration6. 

Since vanadium is a strong inhibitor of Arachis 
hypogaea alkaline phosphatase, here, we have made 
an attempt to fabricate a thermometric biosensor 
based on immobilized Arachis hypogaea alkaline 
phosphatase. Alkaline phosphatase immobilized on 
multiwall carbon nano tube-ethyl cellulose composite 
sponge matrix was used for fabrication of the 
biosensor and tested for detection of vanadium ions 
(V3+).  
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Table 1 — Heat output (molar enthalpies) of  
enzyme catalysed reactions 

Reactant Enzyme 
Heat output 

-DH (kJ ˣ mol-1)  
Cholesterol  Cholesterol oxidase  53  
Esters  Chymotrypsin  4 - 16  
Glucose  Glucose oxidase  80  
Hydrogen peroxide Catalase 100 
Penicillin G Penicillinase 67 
Peptides Trypsin 10 - 30 
Starch Amylase  8 
Sucrose Invertase 20 
Urea Urease 61 
Uric acid Uricase 49 

 
Materials and Method 
 

‘Arachis hypoghaea’ alkaline phosphatase was 
isolated and purified as described in our earlier 
paper7. The pH and temperature optima and stability 
of the enzyme was determined. Alkaline phosphatase 
was immobilized on commercially available carboxyl 
functionalized multi walled carbon nanotubes 
MWCNTs by cross-linking with various cross linkers 
viz. epichlorohydrin (ECH), citric acid, 
glutaraldehyde and 1-ethyl -3-(3-dimethyl amino 
propyl) carbodiimide (EDC) as coupling agents. Also, 
the immobilized enzyme activity studies were also 
carried out using ECH-ethyl cellulose matrix and 
MWCNTs. For this, ethyl cellulose was dissolved in 
minimum required ethanol and then continuously 
mixed with ECH with constant stirring followed by 
MWCNTs. The optimum pH, pH stability, optimum 
temperature, temperature stability and effect of metal 
ions also studied for both types of immobilized 
enzyme. The effect of concentration of enzyme and 
composite matrix was also studied.  
 

To study the change in effect of metal ions on 
alkaline phosphatase after immobilization, the 
immobilized enzyme was pre-incubated with different 
metal ions Ca2+, Mg2+, Zn2+, K+, Fe3+, Mn2+, Ba2+, 
Mo5+, Ni2+, Al3+, Na+, Cu2+, Co2+, Be2+ and V5+ (5 mM 
each) solutions for 1 h. The residual enzyme activity 
was then determined as described for the native 
enzyme using p-nitrophenyl phosphate as substrate. 
Corresponding controls without metal ions were also 
run simultaneously. For the assessment of reusability, 
the stored immobilized alkaline phosphatase was 
reused 8-10 cycles and the residual activity was 
measured to calculate the immobilized activity8. 
 

Fabrication of LTCC based thermometric biosensor 
Alkaline phosphatase inhibition based biosensor 

for detection of vanadium was fabricated in our 

laboratory using above immobilized alkaline 
phosphatase on multi walled carbon nano tubes-ethyl 
cellulose sponge matrix. The low temperature co-fired 
ceramics (LTCC) based thermometric biosensor was 
fabricated as follows. 
 

Fabrication of multilayer LTCC package 
The LTCC processes have for many years been 

used in fabrication of electronic circuits9. LTCC 
device or package consisted of dielectric tapes, 
connecting vias, external and internal conductors and 
passive components (resistors, capacitors, 
inductors)10. The LTCC has a range of applications. 
Chemical reactor is one of them. The reactions often 
need to carry out into effect strictly controlled thermal 
conditions. The LTCC material combines: good 
electrical properties with simplicity in machining and 
high chemical resistance with relatively low costs of 
production. The substrate is relevant to build chemical 
or bio-chemical reactors. Furthermore, the device 
could be used once. It resolves contamination 
obscurity11. Currently, LTCC micro systems market is 
growing fast. New LTCC micro devices are becoming 
more and more refined. They have cooling and 
heating systems, sensors (gas12, flow13, temperature, 
pressure 14, proximity15) and actuators (micro valve, 
micro pump16,17). A LTCC micro reactor device was 
constructed using a 10 layered LTCC package of 
DuPont 951 PX tape (thickness 2.54 mm before 
firing) with a central open well (micro reactor cavity). 
The microreactor cavity was formed by punching a 
circular well with 5 mm diameter in the top three 
layers of the LTCC package. 
 

Detection of vanadium using the sensor 
The above thermometric biosensor was used for 

detection of vanadium based on inhibition of alkaline 
phosphatase by vanadium. The reactants were added in 
the central microreactor cavity with a final reaction 
volume of 150 µL. To begin with, the temperature of 
the reactor was maintained at 60°C (the optimum 
temperature of the enzyme) by adjusting voltage and 
current. For detection of vanadium ions, the 
immobilized enzyme - MWCNT-ethyl cellulose 
sponge matrix (50 µL, 10 mg/mL), and 50 µL of buffer 
(20 mM, pH 8.0) was pre-incubated with 50 µL of 
vanadium (of different concentrations). Temperature in 
the reactor well was continuously monitored.  
Finally after 10 min, the substrate and p-nitrophenyl 
phosphate (2 mM, 50 µL) was added and change in 
temperature due to addition of the substrate was 
determined. Measurements were done using different 
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concentrations of vanadium. Corresponding controls in 
absence of vanadium were run simultaneously. Sensor 
performance was also evaluated using other metals (2 
mM) in order to establish the selectivity of the sensor 
in detection of vanadium. 

Since, the effects of pH, operating temperature 
optimized earlier, the sensitivity, accuracy of the 
alkaline phosphatase assay were investigated 
accordingly. The assay performed satisfactorily at the 
pH 8.0. An operating temperature of 60°C was chosen 
as enzyme showed higher activity at 60°C as 
optimized earlier18. 
 
Results and Discussion 

The sensitivity and accuracy of the sensor response 
y were investigated. The enzyme assay was carried 
out at its optimum pH (pH 8.0) and temperature 
(60°C)18. Fig. 1 shows the response of sensor as a 
function of concentration of V3+. Temperature 
difference with respect to control (without enzyme) 
was checked with external thermocouple dipped in the 
bioreactor. Bioreactor was already set to the optimum 
temperature of 60°C by applying 1 mV voltage to 
screen printed heaters at the bottom of the 
microreactor. Temperature difference was measured 
after addition of incubated immobilized enzyme and 
vanadium solution. Response of the sensor was found 
to be linear in the range of 0.5 to 10 mM. Sensor was 
found to be saturated above 8 mM concentration of 
V3+ as complete inhibition of immobilized Arachis 
hypogaea alkaline phosphatase was observed at this 
concentration. 

Immobilized phosphatase based optical biosensor 
was found to show detection up to 1×10-3 M 

concentration of V3+. Normalized temperature 
difference shows a good R2 = 0.9681 plotted per 
concentration of vanadium as seen in Fig. 2.  

As the biosensor sensing material here is 
immobilized enzyme, the most outstanding 
advantages of immobilized enzyme is that it could be 
used repeatedly. To evaluate the reusability of 
immobilized enzyme, the same concentration of 
vanadium ion solutions incubated with the same 
enzyme for different times, and the enzymolysis rates 
were summarized. As displayed in Fig. 3, incubation 
time for immobilized enzyme matrix and vanadium 
solutions was optimized for 1 h. The immobilized 
enzyme on multi walled carbon nano tubes still could 
maintain 80% sensor response, after 8-10 runs 
repeatedly. This may due to thickening of surface 
layer at this loading of enzyme concentration which 
acts as a barrier to diffusion19. 

Fig. 1 — Change in temperature difference (Delta temperature) as
a function of concentration of vanadium 

 

Fig. 2 — Calibration curve of 1/T as a function of concentration
of V3+ 
 

 
 

Fig. 3 — Optimization of incubation time of vanadium with
immobilized enzyme composite matrix 
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Fig. 4 — Storage stability of immobilized Arachis hypogaea 
alkaline phosphatase and carbon nanotube and ethyl cellulose 
composite matrix 

 

The immobilized Arachis hypogaea alkaline 
phosphatase was stored in refrigerator at 4°C. For 
consistency of the biosensor, determination of 
vanadium was done after every five days. The 
biosensor was stable up to 25 days of storage at 4°C 
without any appreciable loss in activity. After 25 days 
a gradual decline in sensor performance was 
observed. About 50% sensor performance was 
observed even after 35 days (Fig. 4). 
 

Conclusion 
In the present investigation, isolation, purification 

and biochemical characterization of alkaline 
phosphatase from the Arachis hypogaea seeds has 
been carried out. An attempt has been made to 
evaluate the potential application of the enzyme. 
Arachis hypogaea alkaline phosphatase was found to 
be active in the pH range 7.0 to 10.6 with maximum 
activity at pH 8.0. The optimum temperature of 
Arachis hypogaea alkaline phosphatase was found to 
be 60°C. The alkaline phosphatase from Arachis 
hypogaea showed high catalytic activity towards p-
nitrophenyl phosphate.The effect of metal ions on 
alkaline phosphatase activity revealed that vanadium 
ions were a potent inhibitor of the enzyme. Using 
immobilized Arachis hypogaea alkaline phosphatase a 
simple and portable thermometric biosensor for the 
detection of vanadium using LTCC (Low 
Temperature co-fired ceramic) based multilayer 
ceramics based on inhibition of the enzyme. A multi 
layered low temperature co-fired technology based 
portable thermometric biosensor was developed and 
used for detection of vanadium ions (V3+). The 
ceramic materials used in LTCC designs are 
characteristically very temperature stable. Therefore, 

the necessity to compensate for variations in 
temperature is greatly reduced. The performance of 
the developed sensor was successfully evaluated 
using vanadium standard samples. 
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