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ABSTRACT

The biosensor for monitoring asparagine levels iruifjuices was developed in present research wadrk.
asparaginase (biocomponent) has been extracted Ykthania somnifera (L) Dunal, and immobilized iMBOS
hydrosol gel-chitosan matrix. Kinetic characteripat of both native and immobilized enzyme was coatpa
Response time studies had been carried out by PiRawindicator coimmobilized with asparaginase aatbur
visualization strategy has been optimized for agerof asparagine concentrations. The detectiont liofi
asparagine achieved was 810" M. Furthermore, the developed biosensor was agpdie different fruit juices
for detection of asparagine levels. Biocomponert feand to be stable for 32 days in Na borate bb({ffel 8.5) at
4°C and it is reliable for fruit juices.

Keywords: L-asparaginase, biosensor, hydrosol-gel, chitodAtihania somnifergl) Dunal.

INTRODUCTION

Asparagine is the chief amino acid that forms anytle in baked food by reacting with reducing ssgarhigh
temperature. This reaction is called Millard Reactffigure 1) i.e. amino acids and sugars give flawours at high
temperature [1]. Acrylamide is highly carcinogealtd should be removed from food. L-asparaginasesésl for
lowering the acrylamide level by hydrolysing thedrasparagine into aspartate and ammonia andthieuseaction
limits the amount of asparagine to be converted &urylamide [2]. Asparagine is required for th@elepment of
brain and it regulates the equilibrium of centrafwous system [3]. It can also be a quality insceaparameter in
fruit juices. Babskyet al. [4] studied that storage of juices at 37°C caume@7% loss in the total free amino acids
and major decrease was record in asparagine centenainalysis at laboratory scale is found tdiflbe consuming
and expensive. With the aid of biosensor technolagyaragine can be analysed within few secondsitaisd
cheaper than conventional analytical methods. Aspraragine biosensor, the principle involves imrtipaiion of
L-asparaginase which hydrolyses the asparagineagpartate and ammonia. Ammonia increases the ptHeof
reaction which changes the colour of Phenol rectatdr (Light orange to pink).

L-Asparaginase
L-asparagine > dspartic acid + ammonia
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Figure 1: Formation of Acrylamide from Asparagine

L-Asparaginase (E.C. 3.5.1.1) acts as an anti-imitke@agent by inhibiting the protein synthesis vigpltion of
asparagine in leukemic cells. It is accessible dsug under the trade name of “ Elspar and Kidelak is also
used in food industry to reduce the formation ofylanide from the baked product under the brand enafn
"Acrylaway and PreventAse” [5]. There is a widegarof sources of L-asparginase i.e. bacteria, afgagi, plants
etc. Among plants, Ashwagandh&ithania somniferdL.) Dunal, also known as the Indian Ginseng,aesidered
as a good source [6]. This plant is one of the madely used herbs iayurvedicmedical system because it has
anti-inflammatory [7], anticancer [8], antistresamunomodulatory9] and cardiovascular activities [10f.is more
commonly found in Africa and Indian subcontinerits.India, it grows in dry parts of tropical and swpical
regions Keeping in view the significance of monitoring asgne in food, the current work deals with the
development of a biosensor for determining aspagaigi fruit juices. In previous study for comparisaf cytotypes
of W. someniferatetraploid plants revealed maximum L-asparaginastivity than diploids [11] from which
enzyme was extracted and used as biocomponent$emrstudy.

MATERIALSAND METHODS

All the chemicals used were of analytical gradenewrcially available from Himedia, Sigma, Merck .ethe
green fruits ofW. somniferaplants were collected from outside of Punjabi @n$ity, Patiala. Sample plant was
submitted in Herbarium of Department of Botany, jabn University, Patiala andot the accession No. PUN
57618.

Extraction of enzyme

L-asparaginase was extracted from green fruit8Vofsomnifera For enzyme extraction fruits were washed with
distilled water and crushed with sterilized chillega sand at°@. The same amount of sodium borate buffer (pH
8.6) was added to the finely crushed mixture amuah ttentrifuged at 8000 rpm for 10 min 4C4The supernatant
was collected and used for measuring enzyme activitl used as biocomponent to develop the biosensor

L-asparaginase assay

1.7 ml of 0.01M L-asparagine (prepared in 0.05MsFHICI) and 0.2 ml 0.05M Tris-HCI were added to st tebe.
To this, 20ul enzyme (diluted to 1ml with Na bordmeffer) was added and incubated at°87for exactly 10
minutes and reaction was stopped by adding 0.1rl®M Tri Chloroacetic Acid. Reaction mixture welarified
by centrifugation and 2.5 ml clear supernatant weésed to equal volume of de-ionized water. To tiiEml
Nessler’'s reagent was added and incubated at reomperature for 10 minutes. Absorbance was take8@tnm
and amount of ammonia released was determined asimgnmonium chloride standard curve.

Immobilization of Biocomponent
Biocomponent was immobilized into TEOS hydrosol-gfgtosan based technique. Sol-gel was solidifigd b
chitosan. This method was based on modificatioAlgdsaimehet al.[12] method.

Preparation of Sol-gel solution

7.5ml TEOS and 0.2ml 0.1M HCI were added in a dosessel and made the volume 10ml with distilledena
After that 0.1 ml of 1% chitosan solution was addédssel was closed tightly and placed on magrstiticer for 2
to 3 hours or till the solution became clear. Tdokition was stored at 4°C for further use.
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Immobilization

200l of sol-gel solution in 3ml glass vessel was pdufEhe vessel was wrapped with parafilm to malaritight
and placed at room temperature for 24 hours. Tiogn &nzyme (0.63 IU), 46 sol-gel solution and 5ul of phenol
red indicator were mixed together and layered didi§ed sol-gel solution. Again it was wrapped tiparafilm for
another period of 12 hours. Phenol red concentratias 4mg per 4ml of 1:1 ratio of distilled watedaalcohol.
After that it was ready for detection.

Kinetic properties

Kinetic properties were studied for both free adl we immobilized enzyme. Km and Vmax were evaldaby
Lineweaver-Burk double reciprocal plot. Effect afferent pH (6, 6.5, 7, 7.5, 8, 8.5, 9 and 9.5) aechperature
(25°C, 30°C, 35C, 37C, 40C, 45C and 56C) was also studied.

Analysis of Asparagine

Different concentrations of asparagine 16 10*° M) were prepared in 50mM Tris HCI (pH 7.6). 100gileach
concentration was added to each vessel in whichinemavas immobilized and the response time of cothange
from light orange to pink was noted.

Application of developed biosensor

Constructed biosensor was applied to analyze Lragpee concentrations in different fruit juice sdewpi.e.
Orange, Apple, Grape and Guava juice. Reliabilftthe developed biosensor was checked with theegpsiample
by standard addition method. Spiking was done yhining half volume of fruit juice (I8M) e.g. grape juice and
half volume of synthetic Asparagine solution tM) and response time was observed by the develbjpsgnsor
Bio-component (vessels in which enzyme was immpdid) was stored at 4°C and checked for activitsegtilar
intervals for storage stability.

RESULTSAND DISCUSSION

L-asparaginase was extracted from fruitsVéf Somniferawith 13 IU/mg activity and used for constructioh o
biosensor.

Kinetic properties

Comparisons of kinetic properties of free and imitiodd enzyme have been done. Kinetic parametersakich
Vmax for free enzyme were found to be 3.34 mM aBd gumol/min respectively. There is not much vaoiatin
Km and Vmax after immobilization of enzyme (Graph Km and Vmax for immobilized enzymes were 4.1 mM
and 58.6 pmol/min respectively. Optimum temperat{@raph 2) is 37°C for both conditions and optimpkh
(Graph 3) is also similar for both states of enzypté 8.5).
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Graph 1: Comparison of Lineweaver-Burk Doublereciprocal curve
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Graph 2: Comparison of effect of temperature on native and immobilized enzyme.
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Graph 3: Comparison of effect of pH on free and immobilized enzyme

Biosensor and application

The response time was observed for various coratéms of asparagine (1M to 10'M) by developed biosensor
(Table 1). The response time for change in coloas iound to be inversely proportional to the asgiam
concentration levels. With increase in concentratib asparagine, the response time for colour chalegreases.
Colour of biosensor was changed from light orangepinhk after reaction (Figure 2). In comparison hwihe
asparagine biosensors developed by Fraticelli & dviegff [13], Wanget al [14] and Vermaet al.[15] asparagine
range of 13°M could be detected while the earlier efforts codidect levels up to only T™.

Table 1: Responsetime for different concentrations of Asparagine.

Concentration of asparagine (M) Response time

Blank No Colour Change
107 7 min 15 sec * 6se¢
10° 5 min 35 sec +7 se¢
10° 3 min 51 sec +5 se¢
107 2 min 12 sec +6 se¢
10° 1 min 54 sec +3 set
10° 57 +4 sec

10° 38 +2 sec

10° 18 #2 sec

107? 8+1 sec

10! 342 sec
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Figure 2 (A) Colour of the biocomponent beforethereaction i.e. light orange. (I isblank and 11 isfruit juice sample.), (B) Colour of the
biocomponent after the reaction changes from light orange to pink because of increasein pH of reaction by production of ammonia.

The constructed biosensor was applied on variauis jfrices like guava, apple, orange and grapesrfonitoring
asparagine and their response times are shownaphGt. Among them Apple and orange juices havelairand
higher asparagine contents. Grape juice has thesibgoncentration of asparagine. Results of coctsiribiosensor
are comparable with conventional methods foundtérdture. Asparagine in grape juice is preseritanes [16].
Stability of biocomponent was checked at reguléerirals and found to be stable for 32 days stonedd borate
buffer (pH 8.5) at 4°C. Reliability was checked $giking asparagine in fruit juice sample and respotime
observed to be 58+3 sec comparable to the contientraf 10°> M asaparagine. From this result it is clear that
developed biosensor is reliable.

Log (Asparagine conc.)

: Guava Juice
Grape Juice

Response time (Sec.)

Graph 4: Responsetimesfor different Fruit juices.
CONCLUSION

L-asaparaginase was extracted from green fruit8Vofsomniferawith 13 IU/ mg activity and used for the
construction of biosensor. Enzyme was immobilizadT&OS hydrosol-gel chitosan matrix and kineticapagters
were evaluated in comparison with free enzyme. TB®S hydrosol-gel chitosan matrix was found to biéable

for the immobilization of L-asparaginase. Develomagparagine biosensor detects asparagine range 15V

and applied on fruit juices like orange €LM), apple (1G M), grape (16 M) and guava (1t M) for monitoring
asparagine. Among these juices orange and apptesjuiave more asparagine than grape and guavas.juice
Biocomponent was found to be stable for 32 days féliability of developed biosensor has been chedby
spiking asparagine to fruit juice samples.
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