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Abstract - The L-asparaginase enzyme was purified to homotyefrem Asparaginase has been purified
from Aspergillus terreus and Aspergillus niger thlatre grown under submerged fermentation. Different
purification steps (including Ammonium sulfate fracation dialysis and column chromatography) were
applied to the crude culture filtrate to obtain arp enzyme preparation. In SDS PAGE, both enzymes
migrated as polydisperse aggregates yielding braad diffused bonds. These two fractions yielded one
band corresponding to a molecular weight range fra@mve 94 KDa (Asparaginase). The enzyme exhibited
distinctly under different pH and temperature piedi The optimum pH and temperature for asparaggna
were found to be 7 and 35°C respectively. Suchsparaginase is 503.3, 303.3 U/ml and 3.6%, 4.21%

respectively. Hence the purified enzyme will ledlus industrials applications as well as clini¢edils.

Keywords: asparaginaséspergillus terreusindAspergillus niger.

Introduction

Fungi are very effective and efficient bio degrader
because of the wide range of extracellular enzythey
produce, which are capable of degrading compleymer,
such as cellouse, protein and Iigﬁ%yeasts and mycelial
fungi are used in a variety industrial fermentatocesses.
Saccharomycespecies are used extensively in brewing
beers and wines, as well as in breadmdRinghey are
precipitated by protein precipitating reagents suah
trichloroacetic acid and ammonium sulphasparagine is
an amino acid required by cells for the productibprotein
[l Asparagine can be produced within a cell throagh
enzyme called “asparagines synthetase” or it caorbled
into the cell from the outside (ie., it is consumiadthe
patients diet, absorbed into the body and maddadlaito
the body’s cells). Towards cells, more specifichfimphatic
tumour cells, require huge amounts of asparagindseéep
up with their rapid, malignant growtfl. This means they
use both asparagines from the diet as well as thiegtcan
make themselves (which is limited) to satisfy thkeirge
asparagines demand. L-asparaginase is an enzynte tha
destroys asparagines external to the'®ellNormal cells are
able to make all the asparagines they need intgrnal
whereas tumour cells become depleted rapidly ard”di
Asparaginase is an enzyme and it is used as
chemotherapeutic agent for a treatment of humaoeraand
acts as a catalyst in the breakdown of asparatinespartic
acid and ammonid.

Material and Methods

Collection of microorganisum
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The marine soil samples were collected from
microbial Germ plasm collection unit at mic college
kanchikacherla.

Potato Dextrose Agar Medium

The potato tubers were peeled and weighed for
about 200g. The tubers were chopped into smatkegiavith
the help of a sterile knife. The chopped potatoesew
transferred into a conical flask containing aboQ0rl of
distilled water. The contents were boiled for 20nutés.
The supernatant was decanted and filtered by maditi
and the filterate was collected, by adding dexti(@8g) and
agar (15g) were transferred into the extract aratledd to
dissolve the ingredients, the medium was made ligive
by addition of distilled water. The pH of the mediuwas
observed to 5.6 finally. The medium was steriliZed 20
minutes. 1ml of spoilage crust fruit sample wastaln test
tube containing 10ml of sterile distilled water.eTtube was
then shaken for 15 minutes, the aliquot, was dgrilluted
to get 1¢, 10° dilution. Then 0.1ml of the final aliquots
was plated on the potato dextrose agar medium \watyg
rotated to get the uniform distribution of the saisgion.
Three replicates were maintained for sample andlthies
were incubated of ambient temperature for aboutetkw
The fungal colonies appearing on the potato agatiume
were recorded from"5day onwards.

Lactophenol cotton blue mounting of fungi
Place a drop of lactophenol cotton blue on a clean

slide. Transfer a small tuft of the fungus, prolyahlith
spores and spore bearing structures into the dreipg a
flamed, cooled needle. Gently tease the materi@guthe
two mounted needles. Mix gently the stain with theld
structures. Place a cover-glass over the preparatking
care to avoid trapping air bubbles in the stain.



Azad Chandrasekhar Int. J. Res. Chem. Environ.¥/tsdsue 1 January 2012(38-43)

Preparation of the pre inoculums

The fungal cultures from Potato Dextrose Agar
medium (PDA) slants were subcultured into PDA atC8D
for 72 hrs. The pre inoculum was prepared by ad@isgnl
of distilled water to remove thaspergillus terreuspores,
obtaining a suspension containing 5.0 % 4fores / ml.

Screening of asparginase producing micro-organisms
Modified czapek Dox s medium was supplemented
with phenol red. 2.5% stock of the dye was adjusted.O
using 1mol 1 NaOH. The media were autoclaved and
plates prepared. Control plates ere of modifiedp@keDoxs
medium (a) without dye (b) without aspargine(indtea
containing NaN@as nitrogen source). The plates were
inoculated with a 96-h culture dispergillus terreusas a
test organism. The zone and colony diameters were
measured after 48 h. The plate assay was deviseg tinés
principle by incorporating the pH indicator phemed in
medium containing aspargine(sole nitrogen souréagnol
red at acidic pH is yellow and at alkaline pH tupisk, thus
a pink zone is formed around microbial coloniesdoimng
asparaginase.

Growth and Asparaginase production
An inoculum was prepared by culturing each of the

asparginase producing organisms into modified dzajpas
culture broth tubes at 37°C for 48 hrs. For growtid
Enzyme production 1ml of the culture was inoculaitett
200 ml of czapek doxs broth. The turbidity of thdtare
was measured at 520 nm in a spectrophotometeffateatit
time intervals. Then the culture broth was cengeéfd at
10000g (~18,000 rpm) for 15 minutes at 4°C to reanthe
cells. The resulting supernatant solutions werel w&e the
crude cell free supernatant.

Characterization of enzymes

SDS is an anionic detergent which binds strongly
to, and denatures, proteins. The number of SD®entds
bound to a polypeptide chain is approximately tthk
number of amino acid residues in that chain. Thagn
SDS complex carries net negative charge, hence move
towards the anode and the separation is basedeasizb of
the protein.

SDS - PAGE
Assemble the glass plate, sandwich using two clean

glass plates and two 0.75mm spacers. Lock the sahdw

the casting stand. Freshly prepared 15% for caalad 6%

for Asparaginase were pour the prepared separaéig
solution to the sandwich until the height of théusion is
11lcm.Allow the gel to polymerize for 30-60 min a@om
temperature.

Pour the Stacking gel

Prepare the same 15% for asparginase and prepared
the stacking gel solution were described in apper@our
the stacking gel solution into the sandwich urti theight
of the solution is 1cm from the top of the platesert
1.5mm Teflon comb into the stacking gel solutiorlo®
the stacking gel to polymerize for 3-40 min. at oo
temperature.
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Sample preparation

Dilute the protein sample to be analyzed 1:1 (v/v)
with 2X SDS /sample buffer and heat 5 min. at 100f@
sealed. Screw cap micro centrifuge tube if the@ars a
precipitated protein pellet dissolves the protain50 to
100ul of 1 X SDS / sample buffer and soil for 5 it
100°C carefully remove the Teflon comb without dgimg
the wells. Rinse well with 1 X SDS / electrophdsesuffer
to remove the unpolymerized monomers. Using a Baste
pipette fill the well with 1 X SDS /electrophoredisiffer.
Attach gel sandwich to upper chamber. Fill lowerféu
chamber with recommended amount of SDS /
electrophoresis buffer. Place sandwich attachedipper
buffer chamber into lower buffer chamber. Partidilythe
buffer chamber with 1 X SDS/electrophoresis buffert the
sample wells of the stacking gel are filled withmgde.
Using a 25 or 100ul micropipette, load the protsamples
into the well as a thin layer of the bottom of thells. Add
an equal volume of 1 X SDS / sample buffer to ampley
wells to prevent spreading of adjoining lanes. Rk
remainder of the upper buffer chamber with 1 X
SDS/electrophoresis buffer so that the upper platin
electrode is completely covered. Do slowly.

Run the gels

Connect the power supply to the cell and run at
10M A of constant current slab gel 1.5mm thick,ilutite
bromophenol blue tracking dye enters separating géken
increases the current to 15MA.After the bromophdsiag
tracking dye has reached the bottom of separatieg g
disconnect the power supply.

Disassemble and analyse the gel
Discard electrode buffer and remove the upper

buffer chamber and attached sandwich. Orient theaythat
the order of the sample wells is known, remove séctd
from the upper buffer chamber and lay the sandwicha
shoot of absorbent paper or paper towels. Careflite
one of the spacers halfway from the edge of thelwixh
along the entire length. Use the exposed spacaiasl to
pry open the glass plate exposing the gel.

Purification table

Measure for each purification step.

The volume of the enzyme solution (ml)

The protein content of the solution (mg:l

The activity of the enzyme solution (UMl

Total amount of enzyme (U) Activity (U.ml™) x Volume
(ml)

Specific activity (U.mg")

Activity (U.ml™) / protein content (mg. m).

Yield (%)

Total amount of enzyme after a purification stepotal
amount of enzyme

Results
Five different mold cultures were isolated and
identified. Maximum zone oAspergillusstrains were used
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for the production of enzymes such as Asparginaseg 72 20.8 7.2 0.80
liquid state fermentation. These enzymes were ipdriand 84 19.2 7.1 0.72
characterized. Different purification steps inchugli 96 17.3 6.9 0.65

ammonium sulphate, fractionation, dialysis and cwoiu
chromatography were applied to the crude cultuteafe to
obtain a pure enzyme preparation.

Biodiversity of fungi

In this study, totally 5 species of fungi were
isolated by plating technique. All the number ofiduwere
belonging to form class Deuteromycetes (4 genera,
5species) (Table 1). Among the Deuteromycetus, ggou
Aspergillus (2 specices) was the dominant specibsvied
by Penicillium, Trichoderma, and Verticillium (1egies).

Table 1: Fungi isolated from marine soil
S.NO Fungal Species
Aspergillus niger
Aspergillus terreus
Penicillium funiculosum
Trichoderma viride
Verticilium species

QA |W|IN|F-

Table 2: Screening of asparaginase producing
microorganism

Fungal species | Diameter| Diameter | Potency
of colony | of zone index

A.terreus 1.68 0.97 0.56
A.niger 1.97 0.70 0.35

P. funiculosum 2.0 0.51 0.25
T.viride 2.5 0.42 0.16
Verticilium sp 2.9 0.35 0.12

Inference

Though there were five colonies seen on the
modified czapek doxs agar plate only oAespergillus
terreus had ability to produce maximum zone of clearance.
Even though the other colonies had the ability towgon

25

20

1s
= Erzyme activity
10
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1z 24 30 a3 60 r2 84 96
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Figure 2: Growth studies of Asparaginase
production

Inference

Maximum asparaginase activity (20.8 U/ml) was
observed after 72 h of incubation. However, further
incubation led to a decrease in the asparaginasatyacA
shift in the P of the growth medium was also observed. The
P increased with the increase in enzyme activity after
some time it stared decreasing. Subsequently, Bevalue
of the medium increased with the increased with the
increase in incubation time, reaching a maximufh i)
after 72 h of incubation.

Optimum temperature and pH for Asparaginase activiy

The effect of temperature on the activity of the
Asparaginase is shown in (Table 4 and fig.3). @p&mum
temperature for Asparginase enzyme was at 35°C and
showed maximum activity (28.7 U/ml). Further irese in
temperature resulted in the lower activity of asgarase.
The enzyme activity of the asparaginase was detexdnat
different pH value by using different buffers. Toptimum
pH for maximal activity of Asparaginase was 7.0 .R7
U/ml) (Table 5 and Figure 3).

Table 4. Optimal temperature for
Asparaginase activity

the czapek doxs agar plate, they showed minimurme zon
around them. This might be due to the low geneesgion,
resulting in the poor enzyme production. Bgpergillus

terreuswas found to be good producers of Asparaginase.

Growth and enzyme production

The absorbance of the culture sample was noted af
different time intervals and the"'Rwvas also determined.

From this, the enzyme activity was calculated. Vhkues

were tabulated (Table 3, Figure 2). A graph wast@tband

Temperature Enzyme activity (U/ml) OD at
520nm

30°C 18.8 0.91
35°C 20.6 1.30
40°C 19.2 0.96
45°C 17.4 0.87

the growth pattern was observed.

Table 3: Growth studies of Asparaginase

Growth Enzyme activity pH OD at
studies (U/ml) 520nm
12 0 6.5 0
24 0 6.7 0.13
36 9.1 6.8 0.31
48 11.7 6.87 0.94
60 15.9 7 1.2

40

Enzyme activity
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Figure 3: Optimal temperatures for
Asparaginase activity
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Table 5: Optimal pH for Asparaginase activity

Enzyme activity (U/ml)

w
o u

pH Enzyme activity (U/ml) OD at 520nm Z.
5 167 072 g jo ™ Enzyme activity (U/ml)
6 18.2 0.81 o
7 20.3 1.20 Figure 5: Elution profile of asparaginase
8 19.1 1.0 activity on Sephadex G-200
Table 7: Purification of Asparaginase produced
by A. terreus
57 S.No — -
= © g’ o 2
= 25 =] 2 g | ~
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2 N E2 | SR a |52/ § | e
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a . B Enzymeactivity w = = a
]
£ 1 [ Crude 2075 | 4150] 63| 658 -| 10
i Ammonium
’ 2 Sulfate 24 2400| 10 240| 3.64 57
fractionation
0 3 Dialysis 25.2 1260| 3.27 393.7 549 30
5 6 7 8 Column
pH 4 chromatogra| 30.2 151 | 0.3 5083.3 7.6 3.6
- - . phy
Figure 4: Optimal pH for Asparaginase
activity 4500
4000
3500
. i . 3000
Purification of asparaginase by Sephadex G-200 catin 2500 ——Crude
The sample was passed through the sephadex 1500
column and the fractions were collected. The ditecof ton T pmonim sulfate
maximum asparaginase activity in fraction 6 (Table 0 TS RE——— Dialysis
NS By PR ay
\3\\(\ et & \3\@ o )
. . . .. \’\“'\ ‘7\@ .:‘,‘-é’& & 0'\% < Column
Table 6. Elution profile of asparaginase activity sg@‘ &g*:os* @\f & Chromatograpny
on Sephadex G-200 A
&S
Fraction Enzyme activity OD at 520nm Figure 6: Purification of Asparaginase
number (U/mi) produced byA. terreus
5.35 0.17
2 6.59 0.21 Purification of asparaginase fromA. terreus
3 10.36 033 Asparaginase was assayed by using the modified
i i method based on that of Meistfral., 1955. Ammonium
4 13.39 0.42 sulfate fractionation and Dialysed cell extracts reve
5 16.85 052 prepared and were assayed at 500 nm and protéie icell
extracts was quantified. The culture supernatantAof
6 30.20 2.02 terreuscontaining an initial Asparaginase activity of (2B
7 17.59 0.59 U/ml) was concentrated by ammonium sulphate
8 15.39 0.49 precipitation. The optimum ammonium sulfate frawttion
i : was (80% wi/v saturation) showed that the 3.64 iioddease
9 12.56 0.41 in specific activity compared to the unconcentrated
10 10.05 0.32 supernatant. As shown in(Table 7 and fig 6) amuononi
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sulphate precipitation resulted in specific acgivaf 240
(U/mg protein / ml) and yield of 57%. The Asparage
was subjected to dialysis against Boric acid Bobaffer
solution resulted in specific activity 393.7 (U/mgotein /
ml) and showed a final purification factor 7.6 w#h3.6%
yield.

Characterization of Asparaginase by SDS- PAGE

SDS- PAGE analysis was used to determine the
molecular weight of Asparginase and Catalase. Taeken
proteins were phosphorylase (94 KDa), BSA (66.5 KDa
Carobonic anhydrase (30 KDa) andactoalbumin (14.4
KDa).Sodium- dodecyl sulphate polyacrylamide gel
electrophoresis (SDS-PAGE) was carried out accgrdin
Laemmli on a 0.75mm thick polyacrylamide slab gel
consisting of 12% separating gel 6% for aspassg and
4% stacking gels for enzymilolecular characterization of
crude and partially purified enzyme showed molecula
weight above 94 KDa (Asparginase). There was irseréa
molecular weight was noted between crude and figrtia
purified enzymes.

Discussion

Asparaginase hydrolyze the aminoacid L-
asparaginase to L-aspartic acid and ammonia. i$nsthdy,
totally 5 species of fungi were isolated and idiedi All
species of fungi were belonging to form class
deuteromycetes (4 genera, 5 species).Though thenefive
colonies seen on the modified czapek doxs agae maly
one Aspergillus terreus had ability to produce maximum
zone of clearance. Saspergillus terreusvas found to be
good producers of Asparaginase. The incubatiorogeni
fungi and bacteria was 48hrs and 18hrs, while iathor
studies it is 24-48hrs for bacteria and often edse®6h for
fungi.

The effect of pH (5-8) was studied for the activity
of Asparaginase bi.terreus The increase in the amount of
Asparaginase synthesis was observed fréns-p and the
maximum activity of enzyme was observed at pH 2@3
U|ml). However pH of the fermentation medium beyan0
resulted in a marked decreased the level of promuaif
enzyme. Maximum growth and production of L-
asparaginase by tHgacillus strain were obtained when the
initial pH of the cultivation medium was adjusted pH
8.0.Temperature is another critical factor thaedatnes the
growth and simultaneous production of Asparaginase.
Temperature optimum was studied from known to b&0at
45°C for the Aspergillus niger and the maximum
production was observed at 35°C (Table7).The optimu
temperature for maximum L-asparaginase activity \&hs
37°C which was lower than that reported earliemfra
marine Vibrio sps. (Selvakumaet al, 1991).The sample
was passed through the sephadex column and thiofreic
were collected. The detection of maximum asparagina
activity in fraction 6. The present study investegahe
activity of Asparaginase, catalse enzymes werdipdrand
characterized. Asparaginase enzyme was purifiech wit
specific activity of 240 U/mg after ammonium suéfat
precipitation. The enzyme solution was then pudifigy
using dialysis. This purification step showed 7@6df
enzyme purification with a specific activity of 5@3U/mg
proteins. The results indicated the effectiveness o
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purification method applied in this study. The figdtion of
L-asparaginase fronBerratia marcescenyielded a 365-
fold. Purification and 15% recovery of the enzynenzyme
preparations were found to be more stable if therew
purified DEAE column before ammonium sulfate
fractionation. Fraction with maximal activity wasgied for
ammonium sulfate fractionation, this pool contaired to
0.6 mg of protein per ml. Approximately 80 to 9@#6the
enzyme activity was salted out at 55 and 65% stiduraf
ammonium sulfate. The precipitate was dialyzed regjai
0.01M sodium phosphate (pH 6.9) and the enzyme
preparation was purified by gel electrophoresis hwit
recoveries of 80 to 95%.The dialysed eluate from del
electrophoresis was applied to a G-200 sephadexmcol
(0.9x15cm) to remove nondialyzable gel constitueans
was eluted 0.01M sodium phosphate buffer (pH 6T9e
final enzyme preparation was concentrated by dmlys
against cold solids sephadex G-200, and the salutias
stored was stored frozen.

Though there were five colonies seen on the DFSE
agar plate only onAspergillus nigethad ability to produce
maximum zone of clearance. Even though the othenas
had the ability to grow on the DFSE agar platey tsisowed
minimum zone around them. Asparaginase is interfded
use as a processing aid during food manufactuoenwert
asparagine to aspartic acid in order to reducddimation
of acrylamide. Acrylamide is formed from aspara&girmand
reducing sugars primarily in starchy foods that laaked or
fried at temperatures above 120°C.

Conclusion

Microbial asparaginase have been particularly
studied for their application as therapeutic agedntghe
treatment of certain types of human cancer L-agjaage
from microbial sources is currently in clinical uga the
treatment of acute lymphoblastic leukemia. It basn also
used for the treatment of pancreatic and bovine
lymphomosarcoma.

Enzymes are among the most important product
obtained for human needs through microbial sourdes.
large number of industrial processes in the arehs o
industrial, environmental and food Biotechnologylize
enzyme at some or the other. Developments in
Biotechnology are yielding new application for emas.

Five fungal species were isolated from marine soil.
The fungal species were belonging to form class
Deuteromycetes majority of fungi were contributed the
species of Aspergillus, followed by Penicillium,
Trichoderma and verticillium species. Aspergilluasathe
dominant genera used for the enzyme production.

In this study enzymes were produced from fungi
using liquid — state fermentation. This study shdweat the
fungi have the ability to produce these enzymesndur
liquid —state fermentation at their favourable dtiod. The
optimum temperature and pH of the enzymes wereys@al
by using various temperature and pH. The purifiezlyenes
were reported by the technique SDS-PAGE.

Standard method of enzyme purification including
ammonium sulfate precipitation and dialysis hadeddyof
Asparaginase was 57, 75%. Purification of finalpste
Asparaginase resulted in a specific activity of50Q U/mg)
and purification factor (9.2, 8.8). Molecular chetexization
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of enzymes revealed that increase in molecular htefior

purified enzymes.

This study concluded that fungal

organisms should be used as effective source fer th
production of enzymes, secondary metabolites arel th
purified enzymes will be used to prevent diseasks |
cancer oxidative stress and athroscelerosis.

References

1).

2).

3)

4)

5)

6)

Akertek D., Tarhan L., Characteristics of imrtiabd
catalases and their applications in pasteurizatiomlk.
Appl. Biochem. Biotechnol. 50: 9555-9560095)

Alves C., Claves C. and Souza M., Transienbelias
mellibus related to L-asparaginse therapy, Arg Bras
Endocrinol Metbol. 51(4): 635-688007)

Arima K., lgarasi S., Nakahama K. and Isono M.
Production of extracellular L-asparaginases from
microorganisms. Agricultural  and Biological
Chemistry.36: 356-361.

Ashraf, A. El-Bessoumy, Mohamed Sarfan and Jehan
Mansour. Production, isolation and purification Lof
asparaginase fromPseudomonas aeruginasa50071
using solid-state fermentationl. of Biochem and Mol.
Biol. 37: 387-3932004)

Beaumont F., Purification and properties of leesta
from potato. TubersSplanum tuberosuymplant Sci.
72:19-20(1990)

Bilimaria, M.H., Condition for the production df-
asparaginase by Colifrom bacteria. Appl. Micropial
18: 1025-103F1969)

43

7

8)

9)

10)

11)

13)

Broome, J.D., Evidence that the L-asparaginatieity

of guinea pig serum is responsible for its antilyimma
effects. Nature. 191: 1114-11(15961)

Broome, J.D., Evidence that the L-asparaginake o
guinea pig serum is responsible for its antilymphom
effects. J. Exp. Med118: 99-1481963)

Brown-peterson, N.J., Salin, M.L., Purificaticand
characterization of Mesohalic ca  bacterium
Halobacterium halosiumJ. Bacteriol.177: 378-384.
Brwan, H. Himelbloom and Hasni M. Hassan, 1986.
Effects of cysteine on growth, protease productan
catalase activity ofPseudomonas fluarescensAppl.
Env. Microbiol. 418-4211995)

Bussink, H.J. and Oliver, R., ldentification oo
highly divergent catalase genes in the fungal tomat
pathogen, Cladosporium fulvum. Eur. J. Biochem.
268:15-24.Campbell, H.A., Marshburn, T.L., 12)Bayse
E.A., Old, L.J., Two L-asparaginase frdm coli their
separation purification and antitumor activity.
Biochem.Genet 8: 721-30.Carroll, W.L. and Raetz,
E.A., 2005. Building better therapy for childrerthw
acute lymphoblastic leukemia. Cancer cell. 7(89-2
291(1967)

Carta De-Angeli L., Pocchiari F., Russi nolo A.
And Zurita V.E., Effect of L-asparaginase from
Aspergillus terreuson ascites sarcoma in the rat.
Nature (London) 225: 549-550.Cedar, H. and Schwartz
J.H., Production of L-asparaginase Il By coli. J.
Bacteriol. 96: 2043-20481968)



