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ABSTRACT

Asparagine biosensor was constructed by co-imnaauilianti-leukemic enzyme (L-asparaginase) and akiser
pH sensitive indicator on to plastic chips of 5Smimough hydro sol-gel approach. Asparagine is usedaa
biomarker for detection of acute lymphoblastic kmia. In this research work asparagine biosenscs developed
focusing on L-asparaginase activity as bioassay@ple. L-asparagine gets hydrolyzed into L-asgagcid and
ammonia by enzyme L-asparaginases, thereby comtemtirof ammonia produced was monitored by miniaagd
fiber-optic spectrophotometer. Anti-leukemic enzylmasparaginase used in the present research woak w
screened from Staphylococcus sp. isolated from gewsste water. Fiber optic approach was used thistate
analysis using transparent chips; sample voluméoupul was used for sample study and absorptioctepe was
observed. Developed biosensor was applied to elirsamples from the patients of different ages ¢a&hrblood
cancer) to monitor asparagine concentration. Filmgtic based biosensor proved to be suitable appgrofac
substrate breakdown with miniaturized level up jib &nd detection limit of 0.1nM
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INTRODUCTION

Enzyme L-asparaginase breaks down substrate syardtducts resulting in ammonia production formiing basis
of asparagine biosensor development [1,2, 3]. lansantineoplastic agent serving best enzyme fokelmia
treatment. Neoplastic cells cannot synthesize lasmgpne due to the absence of L-asparagine systh§4sb]. It
deprives leukemic cells from its source asparadimedivide in presence of L-asparaginase; Bactekial
asparaginases are classified into two types basetheir location with periplasmic subtype depictihgher
substrate affinity than cytoplasmic subtype[3].Migial sources are considered to be best for L-agpaase
production for its use in clinical trials[6].It widely distributed, found in animals, plants anccrobes [1,7]. It is
the foremost enzyme with anti-tumor activity in ham Anti-tumor properties of guinea pig serum wérst
accounted for asparaginase activity [8,9, H)¢oli L-asparaginase Il was the first antileukemic taibed clinically
[11]. L-asparaginase from bacterial origin had beemmonly reported; eukaryotic microorganisms agntribute
potentially for its production [12,13,14] . L-aspgmase structural view had been derived from tyao€organisms
[15].Structure-function relationship of L-asparagges from different sources is under investigatidh17]. It is a
tetrameric protein with four identical subunitscleaubunit consisting of 326 amino acid residuedegular weight
of 141 kDa [18,19]. Primarly used in acute lymptagpic leukemia treatment [20]and L-asparagine catnaton
determination [21]. L-asparaginase enzyme functiamsa drug to suppress malignant tumor cell growtbpar,
Oncaspar, Kidrolase and Erwinase are brand namessgparaginase used as adrug.FDA has approvedrthjgne
for anti-leukemic treatment [2]. Its analysis usisigsensor with fiber-optic approach serves to theap and best
technology to be relied upon with minimum sampleatment compared to other costly and tedious dtaila
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techniques as XPS, XRD [22]. L-asparaginase has beé continues to be focused as therapeutic enfrynati-
leukemia treatment by researchers and scientistslwioe[2]. The present study deals with miniatedZiber optic
biosensor for asparagine concentration determimafisparagine biosensor developed so far wereinital basis
with detection limit upta< 10*mol/l using on line gas dialyzer using potentioriwesipproach by [23] in1983 from
E.colisp. ; [24] in 1990 also developed potentiometrisdabbiosensor with L-Asparaginase was determingden
range of 0.4-1.6 U in a 0.1 ml sample method tap$sasparagine with an ammonia gas-sensing meahdd._-
asparagine was determined with concentration rarigex10*-1x10°M. Asparagine biosensor for leukemia was
developed with detection limit 1810 M using potentiometric approach; various immokilian strategies had
been used for asparagine concentration determmatioormal and leukemic serum samples. Detectmit Wvith
calcium alginate immobilized method proved to bepesior by [2]. Present biosensor had made certain
improvements over existing biosensors e.g. minigdtion of sample volume.

MATERIALSAND METHODS

Microorganism and its growth

Isolated bacteriabtaphylococcus spvas screened from sewage water sample using Raatie @ssay method
[25]and identified by gram staining; for furthereidtifications it was sent to IMTECH, Chandigarhtekfevery 30
days culture was maintained by sub-culturing ancest at 4C.

Enzyme activity and Kinetic char acterization

Growth pattern and L-asparaginase activity wassasskafter every 3 hrs up to 36 hrs. Crude extriacells after
sonication was used for assessing enzyme actittiityugh nessler's method [26]. Culture(O.D. - 2.2343s
centrifuged at 5000 rpm and pellet was washed QiithM PBS and supernatant formed the enzyme sai@plele
enzyme sample was purified through acetone pratipit and further used in the present study [27&¥ max Of
asparaginase was evaluated in both free and iminetistate using different solvents system (TEO®BOS,
TMOS: TEOS in ratio of 1:1)[28, 29].

2.3 Fabrication of Biosensor for Asparagine

Bio-component was co-immobilized with indicator pbered upon plastic chips using TMOS (tetra metbrgho
silicate) as gelling agent. Enzyme (1.72 1U/ml) veaaspended in 500 of Phosphate buffer (pH-8.0). Cocktail
preparation consisted of plOof extracted enzyme, 6@QDalcohol, 5@ (TMOS), 1Qu NaOH (5mM) and 2(l
phenol red. Above mentioned preparation was inttedwpon transparent plastic chips for hydro sbkayenation
and kept for 1hr gelation af@.Immobilized chips were used for asparagine aimlysing fiber optic tip(Fig.5).
Asparagine concentration up to 1nm was analyzethégns of 5.@substrate;absorption spectrum was constantly
recorded for 10 minutes and standard chart wasapeed30].

Clinical Application of developed biosensor

Fabricated biosensor analyzed asparagines contientia leukemic and normal blood samples collechexn
Behgal Hospital Mohali (Punjab); total nine diffetdeukemic serum samples of different ages (Thrdabod)
cancer andtwo healthy individuals were monitoredagparagine concentration determination eoldr change of
membranes could be obser(eid.4 ).The work was carried out as per Ethical Biosafety Committee guidelines
with Institutional clinicalEthical committee no. ICEC/10/20Plastic chips were checked at regular interval for
storage stability.

RESULTSAND DISCUSSION

Isolate was found to be gram positive with creatoreal circular colonies with smooth surface; cosltaped cell
arranged in clusters, was confirmed taStaphylococcus spy IMTEC, Chandigarh(Fig.1).

Enzyme activity and kinetic characterization

Isolate showed maximum growth and asparaginaseitgci{l.72 IU/ml) at 15hrs of log phase (Fig.2)and
purification achieved through acetone precipitatidth specific activity increased from 113.95 to5337 1U/mg;
77% recovery and 2.94 purification fold. Kineticachcterization of enzyme in both free and immobdizstate was
evaluated. Km and Vmax in free State was foundet®.232mMand6.66umol.min-1respectively. Km and Vrmax
different solvents (TMOS, TEOS, TMOS: TEOS in ratiol: 1) were found to be - 2.32, 5.26, 3.57mM.03.3.33
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& 2.63 umol.min-1 respectively(Fig.3). Kinetic chaterization with TMOS was found to be suitable iomilizing
matrix.

Aspar agine Biosensor and its application

Absorption spectrum of phenol red indicator wasespned from 500nm to 600nm with 538.06 nm selected f
further spectra studies. Absorption at 538.06 nns wsed for computation of further research due ighdst
absorption observed and application along withregfee chart constructed as shown in (Fig.6&7).Imifrrea
plastic discs were used for analysis using fibdicogpectrofluorimeter; Response time was optimiete 7 min
with lower detection limit —0.1nMand linear rangelmM. Asparagine concentration determined by teeetbped
biosensor in patients of different ages (Throabptl cancer) shown in (Fig.8) and normal healthldpviiduals is
shown in Table 1 & 2 respectively. Leukemic sampesved to have high asparagine concentration inpegison
to normal healthy individuals[31].

Table 1 Asparagine Analysisin various samples (Throat and Blood leukemic samples)

S.No | Patients name  Age/Sex Treatment Undertaker]  parAgine conc. (M

1 Navdeepkaur 28/M Chemotherapy 0.146%10

2 Roursingh 70/ M Chemotherapy + Radiotherapy 0467

3 Chandermay | 45/F [ 0.606x1C°

4 Jinderdass 45M | 0.090x310

5 Kulwantkaur 57/ F Chemotherapy 0.128%10

6 Paramvirkaur 44/F Chemotherapy 0.130%10

7 KulwantKaur 35/F Chemotherapy + Radiothergpy 69.410°

8 Kitaba 45 /F | Chemotherag 1.139x1(?

9 Mahipa 45 /M | Chemotherag 0.928x1(*

Table 2 Asparagine analysisin normal blood samples

S.No | Donors name Age/ Sex Blood Group Asparagime.¢dl)
1. | Manpreet 23/F B 1.38x10"
2. Sonika 22/F A 0.67x10
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Fig. 1: Rapid Plate assay method and Gram staining slide
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Fig.2: Standard curve of enzyme activity
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Fig. 3: Kinetic characterization graph depicting Km& Vmax in freeand immobilized state
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Fig. 4: Color change of membranes
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Fig. 5 Closer view of fiber optic tip
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Fig. 6: Standard reference chart for different aspar agine concentrations (10°- 10" M)
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Fig. 8: Leukemic samples collected
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Fig. 9: Stability graph of bio-component chipsin termsof absorbance

CONCLUSION

L-asparaginase producingtaphylococcussp. was successfully isolated from sewage wasteerwdinetic
characterization with tetramethylorthosilicate viasnd to be suitable solvent for further study.rgi&d chart was
prepared depicting response time of 7 min; miniafion volume-5ul; lower detection limit —0.1nM dafinear
range of 1nM. Application of developed Biosensor dimical and normal healthy individuals was stutlie
Immobilized plastic chips were stable for 40 day4°& with further reduction in activity as shown(Fig. 9).
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