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ABSTRACT

Present scenario has focussed that L- asparagimasebeen found to be best anti leukemic agentadtbbeen
characterised based on the assay principle hydiadyZ-asparagine into L-aspartic acid and ammonh/ithania
somnifera (L.) Dunal (Ashwagandha); Tradtional ayedlic medicinal plant, used in treatment of varidigseases,
found to have good source of enzyme L-asparaginds@resent study, different cytotypes of W. stermiwere
compared for ploidy level and L-asparaginase attivi-asparaginase was extracted from diploid aettaploid
Withania somnifera plants and tetraploid was fouadhave three times higher activity. Enzyme wasfipdrusing
ammonium sulphate precipitation, lon exchange amtl pgermeation chromatography. Purified L-asparagiea
revealed molecular weight 75 kDa, Km value 1.5 artM Vmax 526.31 pM/min. Purified enzyme has 6%22
yield with 13.87 fold increase in specific activity

Key words: Withania somnifergL.) Dunal, Cytotypes, L-asparaginase, Acute Lyofghstic Leukaemia (ALL),
purification.

INTRODUCTION

L- asparaginase is an anti —leukemic enzyme hysesl asparagine into aspartic acid. There are a keidge of
sources of L-asparginase i.e. bacteria, algae,i,funtgnts etc. Among plants, Ashwagandhdithania somnifera
(L.) Dunal) is considered as the good source [littvis also known as Indian Ginseng, one of thetmidely used

herbs in medical system. This plant laadi-inflammatory [2], anticancer [3], antistresamunomodulatory [4] and
cardiovascular activities [5]. Thats way Ashwagaisladmired in ayurveda from ancient time. The rxdtact of

W. somniferahas also been used as a dietary supplement inrittedStateslt is more commonly found in Africa
and Indian subcontinents. In India, it grows in ¢hgrts of tropical and subtropical regions. Outitsf three

cytotypes, diploids and tetraploids are frequeatigilable [6] but there is only one report of hdrégs [7].

In present study, we compared these cytotypesrinsteof L-asparaginase activity. As a therapeutienagl-
asparaginase is used for the treatment of acutpHgoytic leukemia (ALL). In ALL, leukemic cells dmt express
adequate quantity of asparagine synthetase enzpth@ra dependent on the extracellular asparaginangthe
treatment with Asparaginase, serum concentratioaspfaragine decreases due to hydrolysis of asparagfio
aspartic acid and ammonia. As the cells get stabfedsparagine, protein synthesis is reduced ils ¢bat are
exposed to Asparaginase. Thus, the cells are ldiledto insufficient amount of asparagine in thewating pool. It
is also used for the treatment of pancreatic carsan and bovine lymphomosarcoma [8]. Asparaginasaircl
from E.coli is used as a drug under the brand name Elspatifer treatment of acute lymphoblastic
leukaemia (ALL) and can be given as an intramusgslébcutaneous, or intravenous injection witheatr fof tissue
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irritation. Asparaginase marketed under the braathes Acrylaway and PreventASe, are used to rechee t
formation of acrylamide in starchy food productstsas snacks and biscuits [9].

MATERIALS AND METHODS

All the chemicals used were of analytical grademewrcially available from Himedia, Sigma, Merck .etc
Otherwise mentioned.

Cytological studies [6]

Plants, for cytological studies, were collectedvrdifferent places of Punjab state and adjoinireasr Sample Plant
was submitted in Herbarium of Department of BotaPynjabi University, Patiala argbt the accession No. PUN
57617.Floral buds of suitable size were fixed in Camdirative for 24 hrs and preserved in 70% alcohof’aC.
For meiotic studies, anthers were squashed in ¥¥oearmine and slides were carefully examined ioomosome
counts in each sample.

Extraction of enzyme [10]

L-asparaginase was extracted from green fruitsftdrdnt cytotypes ofVithania somniferaFor enzyme extraction
fruits were washed with distilled water and crusheth sterilized chilled sea sand atC4 The same amount of
sodium borate buffer (pH 8.6) was added to thdyioeushed mixture and then centrifuged at 8000 fpmL0 min
at £C. The supernatant was collected and used for magsenzyme activity.

L-asparginase assay [11]

1.7 ml of 0.01M L-asparagine (prepared in 0.05N$-HCI) and 0.2 ml 0.05M Tris-HCI were added tceatttube.
To this, 20ul enzyme (diluted to 1ml with Na berdtuffer) was added and incubated at’G7for exactly 10
minutes and reaction was stopped by adding 0.£hl%oM Tri Chloroacetic Acid. Reaction mixture walarified
by centrifugation and 2.5 ml clear supernatant weised to equal volume of de-ionized water. To tlissml
Nessler’'s reagent was added and incubated at reopetrature for 10 minutes. Absorbance was take8@tmnm
and amount of ammonia released was determined asimgnmonium chloride standard curve.

Purification of L-asparaginase
L-asparaginase was purified by the following stepsording to Scope [12].

Ammonium sulphate fractionation

Ammonium sulphate was added to 20 to 100% saturafille mixture was left for 12 h af@, followed by
centrifugation at 8000 rpm for 20 min &X34 The precipitate from each saturation fractiors wissolved in 0.01M
Na Borate buffer (pH 8.6) and dialyzed overnighdiagt the same buffer at@.

Gel filtration

The ammonium sulphate fraction with maximum speciictivity was applied to Sephadex G-75 column,
preequilibrated with 0.01M Sodium Borate buffer (8t5). Dimension of column wa&.2 X 9.2 cm. Sample was
eluted at a constant flow rate of 1 ml/min and ticats of 2 ml were collected. The fractions wersaged for
protein concentrations and enzyme activity. Fragtibaving higher specific activity were pooled aséd for ion-
exchange chromatography.

lon-exchange chromatography

Anion-exchange chromatography was carried usin@@arose. Theolumn was preequilibrated with 0.01M Na
Borate buffer (pH 8.6). Dimension of column 1.2 2 8m. Protein fractions were eluted by increasalg gradient
(NaCl,0.1M-0.6 M).

Electrophoresis
11% PAGE was performed as previously describedtd8heck the purity and molecular weight of peudfiprotein
by using Biorad assembly. Proteins were visuallzgdilver staining [14].

Kinetic Properties
Km and Vmax were evaluated by Lineweaver-Burk deubciprocal plot. Effect of different pH (6, 6.5, 7.5, 8,
8.5, 9 and 9.5) and temperature®@530°C, 35C, 37C, 40C, 45C and 56C) were also studied.
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RESULTS AND DISCUSSION

Cytological study
Withania somnifergplants were collected from different places Purgaldl adjoining areas as shown in table 1.

Many studies have compared the cytotype¥/osSomniferabut first time cytotypes were compared with respe
L-asparaginase activity in present study. Only tymes of cytotypes were found i.e. diploid andaptoid (figure

1.). Tetraploids showed three times increased la@gpnase activity in comparison to diploids (Ta®JeThis may

be simply due to the fact that tetraploid planténaxtra sets of chromosomes than diploid therdferéng more
genes than diploid plants. Among the three stagéib (i.e. greem> young bud, re®> half ripened, dry> fully
ripened), the green stage had maximum enzyme @cti@reen stage has developing seeds and it has bee
documented that developing seeds require asparagimgtrogen source [15,16,17]. Furthermore, méisioof
asparagine essentially require L-asparaginase.eiBraxtracts from tetraploid plants were used faeyene

purification.

Table 1: collection ofWithania somnifera plants from different regions

. Ploidy level
location No. of plants ax o%
Mohali 8 8 0
Solan 7 4 3
Sunam (Sangrur 5 5 4
Patiala 11 11 0
™~
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Figure 1: (a) Metaphase-1 showing 24 bivalents i.eetraploid (4X), (b) Metaphase-1 showing 12 bivatgs i.e. diploid (2X).

Table 2: Comparison cytotypes for L-asparaginase

Cytotype Enzyme activity
Tetraploid (4X) 13 IU/g
Diploid (2X) 41U/ g

Purification
The results for purification of L- asparaginase suemarized in Table 3. The specific activity of trude extract

was 1.66 units/ mg protein. 40-60% saturation ofremium sulphate fractionation showed 4.6 fold peaifion of
enzyme with 78.88% recovery. L-asparaginase froneroplants i.e. Green chilli [18], Pea [19] etcoathowed
maximum activity in same fraction. Activity was foer increased by 8.2 fold after gel permeatiorogtatography
using Sephadex G-75 column, though enzyme reconvasyreduced to 64.11%. Maximum enzyme activity show
by 4" and %' fraction of gel permeation (figure 2) and pooled for ion exchange. The enzyme was further putifie
by strong anion exchange chromatography using ghasese, enzyme yield was 61.22 % with 13.87 fotidase
in specific activity. L-asparaginase was elutechwitsM NaCl solution (figure 3). Electrophoresigdst reveals that
single band in fourth lane shows the purified eney(Figure 4). Approximate molecular weight of piadf enzyme
was found to be 75 kDa, as determined by compatriagainst protein marker ladder on gel. @tal, [1] reported
the molecular weight of L-asparaginase as 72kDechvig comparable to present study. In one of thRidy,
Chagas and Sodak purified the L-asparaginase festa of immature pea seed and reported thatatsauar

weight was 69 kDa [19].
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Table 3: Purification of L-asparaginase

Sample Enzyme units | Protein (mg) | Specific activity | Fold | % recovery
Crude 340 205 166 | - 100
40- 60% 268 35 7.65 4.6 78.88
Gel permeation 218 16 13.62 8.2 64.11
lon Exchange 210 9.12 23.02 13.87 61.76
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Figure 2: Sephadex G-75 chromatography of L-Asparagase showing protein profile and enzyme activity pfile.
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Figure 3: Q-sepharose ion exchange chromatography b-Asparaginase showing specific activity profile.
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Figure 4: Shows the result of PAGE. In first lane nude enzyme, second lane has fraction of ammoniunulphate precipitation, third lane

shows the fraction of gel filtration and fourth lane has a single band of fraction of Q-sepharose colm. 5" lane has broad range protein
marker.

Kinetic properties

Lineweaver-Burk double reciprocal plot shows that 6 1.5 mM which is lower than L-asparaginase fiadifrom
green chilli (3.3mM) [18] and from Pea (2.4mM) [1&}d the Vmax is 526.31 puM/min (figure 5). Km isvlavhen
its compared with Lineweaver-Burk double reciprophdt of L-asparaginase by Oz al.[1] i.e. 20mM and
Vmax is almost comparable (714.28 pM/min). Pudifenzyme had maximum activity at pH 8.5. Most & th
asparaginase from bacteria and plants have maxiaaivity at same pH (figure 6). Maximum enzymeiatt
was found at 3 (figure 7). The optimum temperature of L-asparage fromW. somnifera is similar to all
bacterial and plants L-asparaginases.
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Figure 5: Lineweaver-Burk double reciprocal plot fa L-asparaginase
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Figure 6: Effect of pH on enzyme activity

80 ~
70 ~
60 -
50 +
40 A
30 A
20 ~
10 -

Enzyme activity (IU/ml)

Temprature(°C)

Figure 7: Effect of different temperature on enzymeactivity.

CONCLUSION

Two cytotypes (Diploid and tetraploid) &Vithania somniferavere screened for L-asparaginase with tetraploid
found to have three times higher activity. Hencecpeded for further study. Purified enzyme has B¥Ryield
with 13.87 fold increase in specific activity. Higil L-asparaginase revealed molecular weight 78,kn value
1.5 mM and Vmax 526.31 uM/min. As the purified yme has better kinetics this can be used as a imjpaoent

for the construction of asparagine biosensor. Tingfipd enzyme will be better therapeutic agenmttwacterial
asparaginase since it has many side effectdMusomniferais used in ayurveda without any complications.
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