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ABSTRACT: Plants have been used for the treatment of different diseases since 1100 BC. Catharanthus 
roseus is one of the medicinally important plants showing anti-tumor, anti-mutagenic and anti-microbial effects. 
L-asparaginase is extracted by C. roseus and is used for the development of biosensors. L-asparaginase breaks 
down asparagine into aspartic acid and ammonia, thus killing the tumor cells due to asparagine starvation. In the 
present study the L-asparaginase was extracted from C. roseus and immobilized in different matrixes such as 
agar, soil, clay and k-carrageenan. Out of the various immobilization techniques k-carrageenan gave the fastest 
response time, so it was choosen for the development of asparagine biosensor. In the leukemic blood samples 
the asparagine concentration was 10-2 to 10-3 M whereas in normal blood samples it was 10-5 to 10-6 M. The 
developed biosensor gave the fast response and were sensitive and reliable.    
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INTRODUCTION 
The use of plants for the treatment of various diseases dates back to 1000 BC (Kappor, 1990). The plants have 
been used for the treatment of various diseases in humans and animals. Catharanthus roseus is one of the such 
medicinal plant possessing anti-tumor, anti-microbial, anti-diabetic and anti-mutagenic effects. The plants 
produce primary and secondary metabolites for their growth and metabolism. The plant products which are 
needed for the growth of plants (organic acids and amino acids) are known as primary products and those which 
do not participate in growth processes are called secondary metabolites (Ghasemzadeh and Ghasemzadeh, 
2011). The secondary metabolites serve various functions such as oils, flavoring agents, waxes, dyes, food 
additives and anti-tumor agents (Hussain et al., 2012). L-asparaginase is one of the secondary metabolites 
produced by various plants used for the treatment of leukemia. The normal cells can synthesize asparagine 
(amino acid needed for brain development) on their own but the cancer cells depend on asparagine in 
circulating blood (Henry et al., 2011). When L-asparaginase is injected into the blood it breaks down asparagine 
to aspartic acid and ammonia. Thus the cancer cells die as they get deprieved of asparagine supply. L-
asparaginase is used in baked foods to prevent the formation of acrylamide (a potent tumor causing agent) and 
in the development of biosensors for the detection of asparagine levels in different samples (Mottram et al., 
2002; Ciesarova et al., 2006). For the development of biosensors L-asparaginase is immobilized into different 
matrixes. Immobilization serves a number of advantages such as repeated use, easy recovery, mild reaction 
conditions, efficient handling and fast response time. In the present study L-asparaginase was immobilized in 
agar, soil, clay and k-carrageenan for the development of biosensor to detect asparagine levels in leukemic 
blood samples.    
  
MATERIALS AND METHODS 
The chemicals and reagents used in the study were of analytical grade. These were purchased from HiMedia 
and Sigma. The C. roseus plants were collected from different regions of North India.  
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Preparation of Crude Extract 
The fresh leaves of C. roseus were used to extract the enzyme. The leaves were given multiple washing with 
distilled water and then homogenized with 0.15 M KCl buffer. The mixture was centrifuged at 8000 rpm at 4°C 
and the supernatant was taken as crude extract. This crude extract was stored at 4 °C until further use (Bano and 
Sivaramkrishnan, 1980).   
Immobilization of the Crude Extract 
The crude extract was immobilized in agar, sand and k-carrageenan. For immobilization of crude L-
asparaginase into the agar cakes 4% of agar was dissolved into water, heated and then cooled to 45-50 °C. To 
this 0.5 IU/ml of enzyme (20µl) was added alongwith 10 µl of phenol red indicator and poured into the perti 
plates. It was allowed to solidify and then cut into small pieces of 1.0 x 1.0 cm2 (Mahajan et al., 2010).  
The soil samples were taken from about 15 cm depth and were sieved through 2 mm mesh. The sample was 
allowed to separate into fine clay particles and coarse soil particles by sedimentation. After that the soil was 
treated with H2O2 (30 %) for the removal of soil organic matter. 0.5 M CaCl2 solution was added to the soil 
sample and then washed repeatedly with distilled water for the removal of Cl- ions. The soil and clay particles 
were separated out and 10.0 mg/ml of each were dispersed into double distilled water (ddH2O). They were 
subjected to ultrasonication at 100 W for 3 min. 0.5 ml of the soil and clay suspension was taken and 1.0 ml of 
0.5 M Sodium Borate buffer (pH 8.6) was added with vigorous stirring. To them 10 µl phenol red alongwith 20 
µl (0.5 IU/ml) of crude enzyme was added and final volume was made to 5 ml using ddH2O. The mixture was 
centrifuged at 19, 000 g after shaking at 300 rpm at 25 °C for 3 hrs (Yan et al., 2010).  

k-carrageenan solution (4 % w/v) was prepared and 18 ml of it was separated out. To this 0.5 IU/ml (20 µl) 
crude enzyme alongwith 10 µl phenol red was added and allowed to solidify in perti plates (Ellaiah et al., 2004). 
The k-carrageenan was cut into 1.0 x 1.0 cm2 pieces. Asparagine concentrations were prepared from 10-10 to 10-

1 M and the immobilized enzyme was added into each concentration. The response time for each technique was 
noted individually.      

Detection of Asparagine Levels in Normal and Leukemic Blood Samples 
Out of the above techniques, the one which gave the fastest response was chosen for the development of 
asparagine biosensor. The k-carrageenan pieces were put into blood samples and their response time was noted. 
 
RESULTS AND DISCUSSIONS 
Immobilization of Crude Extract 
The detection limit obtained using immobilized L-asparaginase was 10-10 to 10-1 M. The response time for L-
asparaginase immobilized in agar was 14-7 sec and for  k-carrageenan it was 10-3 sec. The L-asparaginase 
immobilized in soil and clay gave the response time of 12-4 and 11-3 sec respectively (Figure 1). 

 

Figure 1: Response Time of Immobilized L-asparaginase  
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Figure 2: Immobilization of L-asparaginase in k-Carrageenan  

Detection of Asparagine Level in Normal and Leukemic Blood Samples 
Out of the above applied techniques k-carrageenan showed the fastest response time so it was used for the 
development of asparagine biosensor. The normal and leukemic blood samples were taken and k-carrageenan 
pieces were put into the asparagine concentrations (10-10 to 10-1 M). For the normal blood samples the 
asparagine concentration was 10-5 to 10-6 M and for leukemic samples it was 10-2 to 10-3 M (Figure 3). 
Asparagine biosensors were developed using L-asparaginase extracted from Capsicum annum (Kumar and 
Walia, 2012), Withania somnifera (Kumar et al., 2012), Citrus lemon (Kumar et al., 2013), Cannabis sativa 
(Pathak et al., 2014) and Catharanthus roseus (Punia et al., 2015) for the detection of asparagine levels in blood 
samples. The normal blood sample had 10-4 to 10-6 M asparagine concentration and in leukemic samples was 10-

2 to 10-3 M. 

 

Figure 3: Asparagine Concentration in Normal and Leukemic Blood Samples 

CONCLUSION 
L-asparaginase was extracted from fresh C. roseus and used for the development of asparagine biosensor to 
detect asparagine levels in normal and leukemic samples. The normal blood samples contained 10-5 to 10-6 M 
asparagine and leukemic samples had 10-2 to 10-3 M. The developed biosensor was reliable, sensitive and gave 
fast response time. 
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