
 
*Corresponding author: Kuldeep Kumar 
Department of Biotechnology, Multani Mal Modi College, Patiala, Punjab, India 

   

 

 
 
 

ISSN: 0976-3031 

Research Article 
 

IMMOBILIZATION AND CHARACTERIZATION OF L-ASPARAGINASE EXTRACTED FROM 
SOLANUM NIGRUM ON MAGNETIC NANOPARTICLES 

 

Jagjit Kaur1., Raman Kumar2 and Kuldeep Kumar3* 
 

1,2Department of Biotechnology, Maharishi Markandeshwar (Deemed to be University),  
Mullana, Haryana, India  

3Department of Biotechnology, Multani Mal Modi College, Patiala, Punjab, India 
 

 DOI: http://dx.doi.org/10.24327/ijrsr.2018.0905.2209  

 
ARTICLE INFO                                      ABSTRACT                                    

 
 

 
 

 
 

 

L-asparaginase is an anti-tumor enzyme used for the treatment of Acute Lymphoblastic Leukemia 
(ALL), a disease caused by expansion of lymphoid blasts in bone marrow and blood. L-asparaginase 
is produced by a variety of sources like bacteria, fungus, yeast and plants. S. nigrum is one potent 
source of L-asparaginase with enzyme activity of 52 IU/ml. To increase the stability and shelf-life 
of L-asparaginase, it was immobilized on different nanoparticles like magnetic, ZnO, starch and 
alginate. The synthesized nanoparticles were characterized using UV-visible spectroscopy, 
Fluorescence spectroscopy and Scanning Electron Microscopy (SEM). It was found that λmax of 
magnetic nanoparticles was 380 nm, ZnO nanoparticles was 360 nm and for starch and alginate 
nanoparticles it was 280 nm and 400 nm respectively. FTIR spectra showed different vibrational and 
stretching bonds involved during formation of nanoparticles. The size of magnetic nanoparticles was 
25 nm and for ZnO nanoparticles was 300 nm after immobilization of L-asparaginase. The 
immobilization of L-asparaginase on starch and alginate nanoparticles was not found to be efficient. 
Magnetic nanoparticles were further characterized kinetically. The Km and Vmax for L-asparaginase 
loaded magnetic nanoparticles was 7.11 mM and 100 μM/min respectively. The optimum pH was 
8.0 and temperature was 50 ℃. The metal ions have both inhibitory and enhancing effect on L-
asparaginase activity chelators mostly enhanced the activity. Therefore, L-asparaginase immobilized 
on magnetic nanoparticles could be further used in applications like drug delivery.     

 
  

  
 
 

 

 
 

 
 
 

 
 

 
 
 
 

 
 
 
 
 

 
 
 

 
 

 
 

 

 
 

 
  

 

 
 

INTRODUCTION 
 

L-asparaginase is a well-known enzyme used for the treatment 
of Acute Lymphoblastic Leukemia (ALL), a type of cancer in 
children arising due to expansion of lymphoid blasts and 
monoclonal proliferation in blood and bone marrow1-2. Normal 
cells can synthesize asparagine on their own, but the cancer 
cells depend on extracellular supply of asparagine from the 
blood. When L-asparaginase is injected into the blood it breaks 
down asparagine to aspartic acid and ammonia depriving the 
cancer cells of asparagine. Hence, the cancer cells die due to 
asparagine starvation3. L-asparaginase is produced by a number 
of bacteria4-10, fungus11, yeast12, actinomycetes and plants13-21. 
One of the recently discovered potent sources of L-
asparaginase is Solanum nigrum21-22. It is known by different 
names such as European black nightshade, garden huckleberry, 
petty morel, hound’s berry, popolo, duscle, wonder berry and 
garden nightshade23-24. It is short-lived perennial shrub mainly 
found in Eurasia, South Africa, Australia and America. Cooked 

leaves and ripe berries are used as food and its different parts 
are used as medicine25. The plant may grow upto the height of 
30-120 cm. Its leaves are 2-5 cm wide and 4-8 cm long which 
may be hairy or hairless, heart-shaped, ovate, have large-
toothed or wavy edges. The fruits are 6-8 mm diameter and 
appear to be dull black to purple black26 or red on ripening27 
(Figure 1).    

 
Figure 1 Solanum nigrum (a. black fruits, b. red fruits) 

L-asparaginase extracted from plant S. nigrum is stable over 
wide range of environmental conditions and have higher 
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enzyme activity as compared to its microbial counterparts22. 
Therefore, it could find its application in medical and food 
industry. However, free enzymes can easily be degraded, 
inhibited or irreversibly denatured28-29. On immobilization 
enzyme-substrate interaction changes the kinetic parameters of 
enzyme and hence increases enzyme activity, stability and 
shelf-life30-31. Nanoparticles have been a major interest area for 
last few years and have been used to immobilize enzymes as 
they offer a number of advantages such as increased shelf life, 
activity, stability, large surface area, electronic properties and 
reusability32. Enzyme loaded nanoparticles have been used for 
fabrication of biosensors and as antibacterial agents33.  
 

In our present study we extracted L-asparaginase from S. 
nigrum and immobilized it onto different nanoparticles like 
magnetic, zinc oxide, starch and alginate nanoparticles. The 
synthesized L-asparaginase loaded nanoparticles were 
characterized using SEM, FTIR, UV-visible spectroscopy and 
effect of pH, temperature, metal ions, chelators and substrate 
concentration was studied on them.  
 

MATERIALS AND METHODS 
 

Extraction of Enzyme   
    

L-asparaginase was extracted from different parts of S. nigrum 
according to the method previously described13. Briefly, the 
different parts from the plants were collected and then washed 
with distilled water. The parts were homogenized with 0.15 M 
KCl buffer and centrifuged at 8,000 rpm for 20 min at 4 °C. 
The supernatant thus obtained was taken as the crude extract. 
The presence of L-asparaginase in crude extract was monitored 
using nesselerization method. 
 

Immobilization of Isolated L-asparaginase Using Different 
Nanoparticles 
 

The crude extract obtained from the selected plant was 
immobilized using the following method:  
 

Magnetic nanoparticles 
 

The magnetic nanoparticles were prepared by the following 
method: 2.43 g FeCl2.4H2O, 0.99 g FeCl3.6H2O, 6 ml ammonia 
hydroxide (25 %) was added to 80 ml deionized water. The 
solution was sonicated for 1 hr at 20 kHz using ultrasonicator 
(Sonics Vibra Cell). The precipitates were centrifuged at 8,000 
rpm for 15 min (Sigma 2-16 PK) washed thrice and then 
redispersed in 100 ml deionized water. 10 ml chitosan (1%) 
and 800 µl of enzyme was added to the above solution and 
stirred for 24 hrs. The black colored precipitates were collected 
using permanent magnets and dried in oven33. 
 

Zinc oxide nanoparticles  
 

KOH solution (0.4 M) was added slowly to Zn(NO3)2.6H2O 
(0.2 M) solution (both prepared in deionized water) under 
vigorous stirring at room temperature. A white colored 
suspension was formed which was centrifuged at 5,000 rpm for 
20 min. The precipitates were washed thrice with deionized 
water and then with absolute ethanol. The precipitates were 
then calcined at 500 °C for 3 hrs34. 
 

Starch nanoparticles  
 

15 g starch was dissolved in 100 ml ZnCl2 solution (65%) with 
continuous stirring (500 rpm) and heating (80 °C). To the 

above solution NaOH (15 %) was added drop-wise with 
continuous stirring at 500 rpm till the final pH of mixture was 
8.4. The mixture was aged by stirring it for 30 min at 500 rpm 
and 80 °C. The nanocomposites formed were calcined at 575 
°C for 1 hr to obtain nanoparticles35.  
 

Alginate nanoparticles  
 

10 ml sodium alginate (1 %) solution was prepared in 
deionized water and added to 20 ml zinc acetate (3 %) through 
syringe with 0.49 mm diameter stainless steel needle under 
continuous stirring on magnetic stirrer. The beads formed are 
hardened for 30 min with gentle stirring. Beads were then 
separated and dried in crucible36.   
 

Characterization of L-asparaginase Loaded Nanoparticles 
 

The λmax for nanoparticles was calculated using UV-visible 
spectrophotometer (PC Based Double Beam 
Spectrophotometer 2202, Systonics). Functional groups were 
studied using Fourier Transform Infrared Spectroscopy (Carry 
630 FTIR spectrophotometer, Agilent Technologies, USA) and 
surface morphology was determined using Scanning Electron 
Microscope (SEM) (JEOL, JSM-6010LV, USA). 
 

Kinetic Characterization of L-asparaginase Loaded 
Nanoparticles 
 

The effect of substrate (asparagine) concentration (10-1 to 10-10 
M), pH (5.5, 6.0, 6.5, 7.0, 7.5, 8.0, 8.5, 9.0 and 9.5), 
temperature (25, 30, 35, 40, 45, 50, 55, 60, 65, 70 and 75 °C), 
metal ions (10 mM of each Ca2+, K+, Cu2+, Na+, Mn2+, Mg2+, 
Co2+ and Hg2+) and chelators [5 mM of each 
ethylenediaminetetraacetic acid (EDTA),  urea, sodium 
dodecyl sulfate (SDS), β-mercaptoethanol (β-ME) and Triton-
X 100] on the activity of immobilized enzyme was studied. 
 

RESULTS AND DISCUSSIONS 
 

L-asparaginase Activity of Different Parts of S. nigrum 
 

It was seen that leaves contain more amount of enzyme as 
compared to stem, roots and flowers/fruits. Enzyme activity of 
leaves of S. nigrum was found to be 52.00 ± 0.01 IU/ml. The 
least activity was shown by roots 20.52 ± 0.34 IU/ml whereas 
that of stem and fruits/flowers was 35.46 ± 1.39 IU/ml and 
39.35 ± 0.46 IU/ml respectively. Since the L-asparaginase 
extracted from leaves showed highest enzyme activity, 
therefore, it was used for further experiments. 
 

Immobilization of Isolated L-asparaginase Using Different 
Nanoparticles 
 

L-asparaginase extracted from leaves of S. nigrum was 
immobilized on magnetic, ZnO, starch and alginate 
nanoparticles.   
 

Characterization of L-asparaginase loaded nanoparticles 
 

λmax of nanoparticles  
 

The λmax of different nanoparticles loaded with L-asparaginase 
is given in figure 2. Characterization of magnetic nanoparticles 
was done by using UV-visible spectroscopy and it was found 
that λmax of magnetic nanoparticles was 380 nm. The results 
were similar to magnetic nanoparticles synthesized by wet 
synthesis method showed the maximum absorbance at 370 
nm37. Similarly, the magnetic nanoparticles synthesized by 
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precipitation method had λmax at 272 nm38. ZnO nanoparticles 
synthesized by reducing Zn(NO3)2.6H2O with KOH solution 
under vigorous stirring and collecting the precipitates by 
thermal decomposition showed maximum absorbance at 360 
nm. The λmax of ZnO nanoparticles synthesized by Guo and 
Yang39 was found to be at 300 nm. ZnO nanoparticles 
synthesized by thermal decomposition had λmax

364 nm41. The λmax for starch nanoparticles was at 280 nm. In a 
study, drug-loaded starch nanoparticles were characterized, and 
their maximum absorption was found at 277 nm
study the λmax of starch nanoparticles was observed to be at 540 
nm43. Alginate nanoparticles were synthesized by adding 
sodium-alginate in zinc acetate solution through a stainless
steel needle. The beads were collected and dried in crucible. 
The nanoparticles were characterized by measuring their 
absorbance between 200-500 nm. Their λmax

nm which indicated the formation of alginate nanoparticles. 
Alginate nanoparticles were synthesized and loaded with 
paclitaxel for breast cancer. The λmax for alginate
was 280 nm44.     
 

Figure 2 λmax of L-asparaginase loaded nanoparticles
 

FTIR spectra of nanoparticles 
 

The chemical bonds and functional groups can be identified 
using FTIR because every bond has a specific energy 
absorption band45. The nanoparticles were taken in powdered 
form and FTIR spectra were collected from 400
FTIR spectra of magnetic nanoparticles showed peaks at 3729, 
3054, 2425, 1524 and 573 cm-1 with a prominent peak at 573 
cm-1 due to stretching vibration of Fe-O which indicates the 
formation of magnetic nanoparticles. The peaks from 1500
3700 cm-1 due to stretching of C=O bond. Tharani and Nehru
characterized magnetic nanoparticles and they found peak due 
to -OH stretching at 552 cm-1 and from 1700
C=O stretching. In a study on chitosan
nanoparticles a characteristic peak was observed at 570 cm
which was due to magnetic nanoparticles
extracted from S. nigrum was immobilized on m
nanoparticles and it was found that the peak shifted from 573 to 
567 cm-1 which indicates the immobilization of enzyme on 
magnetic nanoparticles. The peaks from 1500
due to C=O stretching vibration (Figure 3a). 
 

The FTIR spectra of ZnO nanoparticles showed peaks at 502, 
612 and 685 cm-1 which are due to Zn-O bond
stretching of Zn-O bond gives the peak at 502 cm
indicated the formation of ZnO nanoparticles
1405 and 1537 cm-1 are due to presence of water
spectrum of L-asparaginase immobilized on ZnO nanoparticles 
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loaded starch nanoparticles were characterized, and 
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for alginate nanoparticles 

 
asparaginase loaded nanoparticles 

The chemical bonds and functional groups can be identified 
using FTIR because every bond has a specific energy 

anoparticles were taken in powdered 
form and FTIR spectra were collected from 400-4000 cm-1. The 
FTIR spectra of magnetic nanoparticles showed peaks at 3729, 

with a prominent peak at 573 
O which indicates the 

formation of magnetic nanoparticles. The peaks from 1500-
due to stretching of C=O bond. Tharani and Nehru38 

characterized magnetic nanoparticles and they found peak due 
and from 1700-3600 cm-1 due to 

C=O stretching. In a study on chitosan-coated magnetic 
nanoparticles a characteristic peak was observed at 570 cm-1 
which was due to magnetic nanoparticles46. The enzyme 

was immobilized on magnetic 
nanoparticles and it was found that the peak shifted from 573 to 

which indicates the immobilization of enzyme on 
magnetic nanoparticles. The peaks from 1500-3700 cm-1 were 

 

nO nanoparticles showed peaks at 502, 
O bond41, 47-48. The 

O bond gives the peak at 502 cm-1 which 
indicated the formation of ZnO nanoparticles41. The bonds at 

water48.  The FTIR 
asparaginase immobilized on ZnO nanoparticles 

was found to be similar to bare ZnO nanoparticles which 
indicate that plant enzyme does not interfere much with 
morphology of nanoparticles and gets immobilized with ease 
(Figure 3b). The peaks at 474 and 673 cm
stretching bond, whereas, peaks at 1415 and 1540 cm
to water and carboxyl groups. Similar results were found by 
Verma et al. 49. 
 

Figure 3 FTIR spectrum of L-asparaginase loaded 
(b) ZnO, (c) starch and (d) alginate nanoparticles

 

The FTIR spectra of starch nanoparticles depict peaks at 1011, 
1574, 2870 and 3347 cm-1. C-
cm-1 and that at 1574 cm-1 was due to bound water in
H stretching gave peak at 2870 cm
stretching gave peak at 3347 cm
observed by Simi and Abraham
at 1016 cm-1 (O-C stretching), 1645 cm
cm-1 (C-H stretching) and 3390 cm
stretching). The presence of C
1000-1200 cm-1 51-52. On immobilization of L
extracted from S. nigrum the peak at 1574 cm
cm-1 whereas that at 2870 cm-

The peak for bound water was found at 1015 cm
stretching was at 3323 cm-1. The results were similar to those 
found in earlier studies50. 
 

For alginate nanoparticles clear and sharp epitomes at 1037 cm
1, 2956 cm-1 and 3691 cm-1 could be visualized. The pinnacle at 
1037 cm-1 could be because of C
2956 cm-1 to C-H bonds. The O
3200-3800 cm-1. The results were similar to that obtained by 
Kyziol et al.53 who synthesized alginate/chitosan formulation 
for controlled delivery of ciprofloxacin. A peak at 1021 cm
was obtained due to C-O-C stretching and 2845 cm
H stretching53. L-asparaginase isolated from 
immobilized on alginate nanoparticles had spectrum with peaks 
at 1021 cm-1, 2943 cm-1 and few peaks from 3300
(Figure 3d). The peak due to C
1037 to 1021 cm-1 which was similar to study conducted by 
Kyziol et al.53 This indicated the coating of L
alginate nanoparticles. The further peaks from 1200
are not quite distinct which may be due to improper enzyme 
immobilization.   
 

SEM images of nanoparticles
 

The synthesized nanoparticles were ch
and it was found that magnetic nanoparticles were spherical in 
shape and were nearly 13 nm. Similar results were found by 
Bonini et al.55 where the size of synthesized nanoparticles was 
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was found to be similar to bare ZnO nanoparticles which 
indicate that plant enzyme does not interfere much with 
morphology of nanoparticles and gets immobilized with ease 

e 3b). The peaks at 474 and 673 cm-1 are due to Zn-O 
stretching bond, whereas, peaks at 1415 and 1540 cm-1 are due 
to water and carboxyl groups. Similar results were found by 

 
 

asparaginase loaded nanoparticles (a) magnetic, 
(b) ZnO, (c) starch and (d) alginate nanoparticles 

The FTIR spectra of starch nanoparticles depict peaks at 1011, 
-O stretching formed peak at 1011 

was due to bound water in starch. C-
H stretching gave peak at 2870 cm-1 whereas O-H vibrational 
stretching gave peak at 3347 cm-1. Similar results were 
observed by Simi and Abraham50. They obtained the pinnacles 

C stretching), 1645 cm-1 (bound water), 2926 
H stretching) and 3390 cm-1 (O-H vibrational 

stretching). The presence of C-O bonds can be observed at 
. On immobilization of L-asparaginase 

the peak at 1574 cm-1 moved to 1591 
-1 moved to 2926 cm-1 (Figure 3c). 

The peak for bound water was found at 1015 cm-1 and for O-H 
. The results were similar to those 

For alginate nanoparticles clear and sharp epitomes at 1037 cm-

could be visualized. The pinnacle at 
could be because of C-O-C stretching and that at 

H bonds. The O-H stretching gave peaks from 
. The results were similar to that obtained by 

esized alginate/chitosan formulation 
for controlled delivery of ciprofloxacin. A peak at 1021 cm-1 

C stretching and 2845 cm-1 due to C-
asparaginase isolated from S. nigrum and 

immobilized on alginate nanoparticles had spectrum with peaks 
and few peaks from 3300-3800 cm-1 

(Figure 3d). The peak due to C-O-C stretching shifted from 
which was similar to study conducted by 

This indicated the coating of L-asparaginase on 
alginate nanoparticles. The further peaks from 1200-3800 cm-1 
are not quite distinct which may be due to improper enzyme 

SEM images of nanoparticles 

The synthesized nanoparticles were characterized using SEM 
and it was found that magnetic nanoparticles were spherical in 
shape and were nearly 13 nm. Similar results were found by 

where the size of synthesized nanoparticles was 
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15-20 nm. In a study conducted by Chin and Yaaco
found that three different sized nanoparticles were synthesized 
with size 3.5 nm, 5.1 nm and 9.7 nm. Magnetic nanoparticles 
were synthesized using two-step desolvation method and it was 
found that four different sized nanoparticles (122, 136, 23
237 nm) were synthesized57. Magnetic nanoparticles of 266.1 
nm were synthesized by Wang et al.58

magnetic nanoparticles were coated with L
extracted from S. nigrum and SEM images indicated successful 
coating of enzyme as the size of nanoparticles increased to 25 
nm (Figure 4a). Moreover, the enzyme coated nanoparticles 
formed agglomerates of nearly 150-250 nm. Similar results 
were found in a study where magnetic nanoparticles of 5
were synthesized with 10 nm coating of polydopamine. The 
polydopamine coated magnetic nanoparticles formed 
aggregates of 50-250 nm59. Spherically shaped magnetic 
nanoparticles coated with peroxidase extracted from 
tirucalli were synthesized60. 
 

SEM images of ZnO nanoparticles indicate formation of 50
nm sized nanoparticles. The nanoparticles range from spherical 
shape to flakes. ZnO nanoparticles of spherical shape and sizes 
4.0, 3.6, 2.8 and 2.6 nm were synthesized by Guo and Yang
Nearly spherical shaped ZnO nanoparticles with diameter more 
than 400 nm were synthesized61. The formation of nanoflakes 
was observed in SEM images when thermal decomposition was 
used to synthesize ZnO nanoparticles40. 27
well isolated nanoparticles were synthesized by Arora 
ZnO nanoparticles of 50 nm were synthesized by Krithika 
al.41 SEM images indicated that coating of ZnO nanoparticles 
with L-asparaginase extracted from S. nigrum
size to 300 nm (Figure 4b). The enzyme coated irregularly on 
ZnO nanoparticles increasing their size tremendously. The 
aggregation of nanoparticles may be due to high surface 
energy62. In another study 150-200 nm sized nanoparticles 
were synthesized using potato extract49. 
 

 

Figure 4 SEM images of L-asparaginase loaded nanoparticles (a) magnetic, (b) 
ZnO, (c) starch and (d) alginate nanoparticles

 

The size of starch nanoparticles was 300 nm and the 
nanoparticles were irregular in shape. This may be attributed to 
large size of polymer. Different nanoparticles were synthes
using waxy corn starch with the average particle size of 20
nm51. Starch nanoparticles were synthesized and modified with 
deoxycholic acid. They were characterized using SEM and 
their average size was 182-247 nm63. Acetylated starch 
nanoparticles with average diameter of 500 nm were 
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20 nm. In a study conducted by Chin and Yaacob56 it was 
found that three different sized nanoparticles were synthesized 
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and SEM images indicated successful 
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nm (Figure 4a). Moreover, the enzyme coated nanoparticles 

250 nm. Similar results 
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of polydopamine. The 
polydopamine coated magnetic nanoparticles formed 

. Spherically shaped magnetic 
nanoparticles coated with peroxidase extracted from Euphorbia 

indicate formation of 50-60 
nm sized nanoparticles. The nanoparticles range from spherical 
shape to flakes. ZnO nanoparticles of spherical shape and sizes 
4.0, 3.6, 2.8 and 2.6 nm were synthesized by Guo and Yang39. 

s with diameter more 
. The formation of nanoflakes 

was observed in SEM images when thermal decomposition was 
. 27-82 nm sized and 

well isolated nanoparticles were synthesized by Arora et al.48 
ZnO nanoparticles of 50 nm were synthesized by Krithika et 

SEM images indicated that coating of ZnO nanoparticles 
S. nigrum increased their 

size to 300 nm (Figure 4b). The enzyme coated irregularly on 
articles increasing their size tremendously. The 

aggregation of nanoparticles may be due to high surface 
200 nm sized nanoparticles 

 
nanoparticles (a) magnetic, (b) 

ZnO, (c) starch and (d) alginate nanoparticles 

The size of starch nanoparticles was 300 nm and the 
nanoparticles were irregular in shape. This may be attributed to 
large size of polymer. Different nanoparticles were synthesized 
using waxy corn starch with the average particle size of 20-60 

. Starch nanoparticles were synthesized and modified with 
deoxycholic acid. They were characterized using SEM and 

. Acetylated starch 
ith average diameter of 500 nm were 

synthesized by Teodoro et al
nanoparticles were synthesized and modified with 2,2,6,6
tetramethylpiperidine-1-oxyl (TEMPO) having 50 nm 
diameter65. When L-asparaginase extracted from 
immobilized on starch nanoparticles size increased from 300 
nm to 350 nm (Figure 4c). The coating of enzyme on 
nanoparticles was uneven and irregular making their imaging 
very difficult.  
 

The size of alginate nanoparticles was found to be 400 nm 
which increased to 450 nm upon immobilization of L
asparaginase on them (Figure 4d). Calcium
nanoparticles were synthesized using cross
average diameter of synthesized nanoparticles was 350 nm
another study alginate nanoparticl
loading paclitaxel and their size was found to be 200 nm
After immobilization the size of nanoparticles increased which 
indicated that immobilization was successful. 
 

The λmax, FTIR spectra and SEM images indicate that magnetic 
nanoparticles were suitable for further study therefore, they 
were kinetically characterized.
 

Kinetic Characterization of L
Magnetic Nanoparticles 
 

Effect of substrate concentration
 

The Km of L-asparaginase immobilized on magnetic 
nanoparticles was 7.11 mM and V
5). In comparison to free enzyme the V
enzyme has increased which makes it suitable matrix for 
immobilization. This could be due to the f
been confined to a limited space which increases the interaction 
between enzyme and substrate
tirucalli was immobilized on magnetic nanoparticles with K
9.53 mM60. 

Figure 5 Double reciprocal graph for 
immobilized on magnetic nanoparticles

 

Effect of pH  
 

L-asparaginase extracted from 
magnetic nanoparticles was characterized over a range of pH 
(5.5 to 9.5) and optimum pH was found to be 8.0 (Figure 6). 
After immobilization the enzyme can remain active over 
alkaline pH which is expected to be necessary for L
asparaginase activity. The changes in pH could be due to 
interaction of charged group’s enzyme with stationary charges 
of magnetic nanoparticles. Peroxidase enzyme from 
was immobilized on magnetic nanoparticles and its optimum 
pH for free enzyme was 5.5 and for immobilized one was 6.0

Asparaginase Extracted From Solanum Nigrum on Magnetic Nanoparticles 

27202 | P a g e  

et al.64 In another study starch 
nanoparticles were synthesized and modified with 2,2,6,6-

oxyl (TEMPO) having 50 nm 
asparaginase extracted from S. nigrum was 

immobilized on starch nanoparticles size increased from 300 
nm to 350 nm (Figure 4c). The coating of enzyme on 
nanoparticles was uneven and irregular making their imaging 

The size of alginate nanoparticles was found to be 400 nm 
increased to 450 nm upon immobilization of L-

asparaginase on them (Figure 4d). Calcium-alginate 
nanoparticles were synthesized using cross-linking method and 
average diameter of synthesized nanoparticles was 350 nm54. In 
another study alginate nanoparticles were synthesized for 
loading paclitaxel and their size was found to be 200 nm66. 
After immobilization the size of nanoparticles increased which 
indicated that immobilization was successful.  

, FTIR spectra and SEM images indicate that magnetic 
nanoparticles were suitable for further study therefore, they 
were kinetically characterized. 

Kinetic Characterization of L-asparaginase Immobilized on 

Effect of substrate concentration 

asparaginase immobilized on magnetic 
nanoparticles was 7.11 mM and Vmax was 100 µM/min (Figure 
5). In comparison to free enzyme the Vmax of immobilized 
enzyme has increased which makes it suitable matrix for 
immobilization. This could be due to the fact that enzyme has 
been confined to a limited space which increases the interaction 
between enzyme and substrate67-68. Peroxidase enzyme from E. 

was immobilized on magnetic nanoparticles with Km 

 
Double reciprocal graph for L-asparaginase extracted from S. nigrum 

immobilized on magnetic nanoparticles 

asparaginase extracted from S. nigrum and immobilized on 
magnetic nanoparticles was characterized over a range of pH 
(5.5 to 9.5) and optimum pH was found to be 8.0 (Figure 6). 
After immobilization the enzyme can remain active over 
alkaline pH which is expected to be necessary for L-

se activity. The changes in pH could be due to 
interaction of charged group’s enzyme with stationary charges 
of magnetic nanoparticles. Peroxidase enzyme from E. tirucalli 
was immobilized on magnetic nanoparticles and its optimum 

and for immobilized one was 6.060.    
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Figure 6 Effect of pH for L-asparaginase extracted from  
immobilized on magnetic nanoparticles

 

Effect of temperature  
 

L-asparaginase isolated from S. nigrum was studied thermally 
by checking its activity at different temperatures (25
and it showed highest activity at 50 °C (Figure 7).
optimum temperature for immobilized enzyme was thermally 
stable than free enzyme (35 °C) because denaturation and 
aggregation of free enzyme occurs easily as compared to 
immobilized enzyme69. The optimum temperature for 
immobilized peroxidase enzyme from E. tirucalli
nanoparticles was 55 °C60. 
 

Figure 7 Effect of temperature for L-asparaginase extracted from 
immobilized on magnetic nanoparticles

 

Effect of metal ions  
 

The effect of different metal ions (10 mM) was studied on L
asparaginase from S. nigrum and immobilized on magnetic 
nanoparticles. It was found that Hg2+, Mg2+

showed inhibitory effect on L-asparaginase activity (Figure 8). 
Ca2+, K+, Na+ and Co2+ ions enhanced the activity with K
having the highest positive effect by 55 %.  The loss in enzyme 
activity is due to conformational changes in enzyme cau
metal ions70. Moreover, immobilized enzyme is more stable to 
metal ions than free enzyme, which may be attributed to 
confinement of enzyme to specific membrane space
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by checking its activity at different temperatures (25-75 °C) 

50 °C (Figure 7). The 
optimum temperature for immobilized enzyme was thermally 

) because denaturation and 
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extracted from S. nigrum 

immobilized on magnetic nanoparticles 
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