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Production of anticancer enzyme asparaginase fronnelophytic
Eurotium Sp.isolated from rhizomes of Curcuma longa
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ABSTRACT

Endophytic fungi generally reside asymptomaticatlythe tissues of higher plants and generally averse of
original amidase group of enzymes. Asparaginase is an impoanticancer enzyme, endophytic fungi Eurotium
Sp. was isolated from rhizomes of Curcuma longa @raduated for asparaginase production by quakl&atplate
assay on modified Czapex dox’s agar and quantéadivalysis by Nesslerization method. Maximum enzytinty
was recorded at 4€ and pH 8.0. Molecular weight for asparaginase weorded as 14,300 KD using SDS-PAGE
electrophoresis. Enzyme found to be stable atrdiffdemperature and pH ranges making it suitablevfide range

of industrial applications.
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INTRODUCTION

The word “endophytes” includes a group of microoiigms that grow intra or intercellular in the tisswf plants
without causing any visible symptoms on the hostliich they live, [1, 2]. Fungal endophytes arénliventity in a
host plant for at least a part of life, without seng any apparent disease [3]. Such mutualisterastion between
endophytes and host result in fitness benefit foh haatrtners. The endophyte provide defense and valrvi
environment to their host plant by producing alpdea of substances having potential use in indusigyiculture,
and medicine [4]. Approximately 300, 000 plant spe@rowing on the earth are host to one or modogimytes
[5], and the presence of different endophyte inehagmber plays an important role on bionetworkd \giteatest
biodiversity, for example, the tropical and tempemrainforests [5].

Asparaginase (L-Asparagine amidohydrolase; EC 3p.belongs to an amidase group which catalyzes the
hydrolysis of L-asparagine to L-aspartic acid anth@nia, and found broadly from microorganisms taymmels.

The enzyme is considered to participate in majée o the asparaginase metabolism of the cells. dt’likely
therapeutic agent for acute lymphocytic leukemiaite lymphoblastic leukemia and chronic myelogereukemia
also reported to be an efficient antilymphoma agerftumans. Asparaginase has been investigatee gintas
found that the enzyme from definite microorganisnas antitumor activity [6]. Fungi are reported adeptial
producer of asparaginase in comparison to badiéfiadGenera such aaspergillus, Penicilliumand Fusariumare
generally reported in scientific literature for aspginase production.

The present report will describe the results oésning of endophytic fundturotiumSp. for production of extra-
cellular asparaginase using a rapid plate assantiiative measuring for asparaginase activity ursidomerged
culture and attempts to study the optimizationggfaaaginase production, its purification and charazation.
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MATERIALS AND METHODS

Isolation of endophytic fungi

Mature healthy rhizomes @urcuma longawvere collected from garden (Jalgaon, India) and eahistely brought to
laboratory for use within 24 h. Rhizomes were wasinerunning tap water for 10 min to remove, saifticles and
adhered debris, and finally washed with distilledtev. Surface sterilization was done using methestidbed by
Petrini [8], with some alteration. Samples were ensed in 70% ethanol for 1-3 min and 4% aqueousisal of
sodium hypochlorite 1.5 min, again 1min with 70%astol and finally rinsed with sterile distilled eat
Disinfected samples were used for aseptic cuttgiggusterile knife and inner tissues were excisexh sissues were
inoculated on to potato dextrose agar media, for 26 days at ZC with aim to isolate endophytic fungi.
Endophytic fungi were isolated and stock culturesenmaintained on potato dextrose agar slant. élatisd fungus
with potential asparaginase activity was identiffesin Department of Advance study in Botany, Bamatbndu
University, Varanasi (India).

Qualitative analysis

Modified Czapex Dox’s agar medium p#2 was prepared containing (g/l) glucose, 2.0 gsparagine,10.0;
KH,PQ,, 1.52; KCI, 0.52; MgSQ7H,0, 0.52; CuNQ@.3H,0O, 0.001; ZnSQ7H,0, 0.001; Fe@7H,0, 0.52 ;
CuNG;.3H,0, 0.001 ; agar, 20.0 and 0.009 % phenol reddisdtor, control plates were without asparagines Th
plates were inoculated with (0.5 x 0.5%rdisk of 3-4 days old mycelium d&urotium Sp. and incubated for 4-5
days at 37C. Pink zone radius and colony diameter were medasi@].

Quantitative assay

An 5mm disc of mycelium from positive agar plateswesed as inoculum for asparaginase productionruiapled
state using modified Czapex dox’s broth, for 128t187C with shaking at 200 rpm. The activity of enzymasw
determine in filtrate by means of Nesslerizatiordascribed by Imada [7].The substrate was prepar@d5M tris
(hydroxymethyl) amino methane (tris HCI) (pH 7.8)ving final concentration of 0.04M. The reactionxtare
contains 200p! of 0.04 M asparagine in 0.05 M @I buffer, 100ul of 0.05 M tris HCI buffer (P7.2), 100ul
distilled water and 100ul of crude enzyme which whtined from the culture filtrate .The samplesenacubated
at 37C for 60 min and to stop reaction 100ul of 1.5Milizoacetic acid (TCA) was added.100p! of mixturasw
than mixed with 750ul distilled water and than messreagent was added and for all incubation vilasved at
20°C for 20 min. All reactions were measured spectodpimetrically at 450nm.One unit of asparaginasehés
amount of enzyme which catalyses the formationohal of ammonia per min at 2. Asparaginase was partially
purified by following steps (A-D)

Step A

Asparaginase activity was found to associate witictfon precipitation at 40-60% saturation. Theder@gnzyme
extract was brought to 45 % saturation with ammnisulphate (2.6g) at pH of 8.4 and samples werd kep
overnight in cooled temperature. After equilibratis achieved supernatant was subjected to cegditifan at 5000
rpm for 10 min at %C, after which supernatant was brought to 85% atitur with ammonium sulphate (5.8g) and
again centrifuge at 5000 rpm for 10 min. The pritaip was collected separately and store@t until next step
was done.

Step B
The precipitate collected from step A was thanalissl in 1M Tris HCI buffer and dialyzed and thessmples
were use for further purification steps.

Step C

The samples obtained by dialysis were dissolve@.@®M Tris HCI (pH8.4) buffer and loaded on column pre-
equilibrated with 0.05M Tris HCI Sephadex G 50wits eluted with 0.05M Tris HCI (pH 8.4) buffer alsontaining
0.1M KCI, and fractions were collected at the flate of 50ml/25min. Fraction viewing high activityere pooled
and asparaginase was assayed by previously deda@say method.

Step D
The fraction from Sephadex G 50 gel filtration leyhighest activity was subjected to SDS-PAGE (Bdorg gene
India) to determine molecular weight.

pH and Temperature studies for asparaginase
Asparaginase activity was evaluated at differentgsid temperature values. Crude and partially mainzyme
was incubated with 0.04M asparaginase and 0.05K&fsubf pH 4-10 under suitable assay conditiona@mdunt of
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ammonia liberated was find out. The optimum temipeeafor enzyme activity was studied by incubatihg assay
mixture at temperature ranging from 10-300

RESULTS AND DISCUSSION
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Figure 1. a. Colony morphology of endophyticEurotium Sp in petri plate, b.branche mycelium under 100X blight microscope, c.
fungal spore structure under 3000X of electron micoscope

Morphological apperance &urotiumSp. shows ovale shape colourless spores,with beanaycelium, cottony at
young stage and brown on maturity along with exeslat

N
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Figure 2.a. Endophytic Eurotium Sp., b. Positive asparaginase activity by qualitative pite assay, c.asparaginase production in liquid
fermentation medium, d.negative control

Endophytic fungiEurotium Sp. was isolated from rhizomes @f.longa To our knowledge these is first report on
isolation of Eurotium Sp. as endophytic fungi from rhizomes @flonga and production of asparaginase. Fungi
could grow on Czapex dox’s agar with phenol redya indicator that changes from yellow (in acidondition) to
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pink (in alkaline condition). The pink zone aroundgal colony indicates the pH alteration whiclgorated owing
to ammonia accumulation in the test medium andragpnase production can be examined by plate dtispe
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Figure 3.Gel filteration chromatography of asparaghase (Sephadex G-50)

Above figure 3. shows presence of highly activetiom, with enzyme activity of 1.304 units /ml byesélerization.
One unit of asparaginase is the amount of enzynmehwdatalyzed the formation of dmol of ammonia per min at
37°C. The reaction mixture was assayed in triplic8@mple was then evaluated for production of prefraiction
number 36 showed high content of protein as shoslovie figure 4.

14 -
11 -

| -
0.8 -
0.6 -
04 -
0.2 1

0 rrrrrrrrrrrrrrrrrrrr1r 1171 17 17 17 1T 1T T T 1T T T T T T T T T TTTTTTTTTT1

L35 7T 9113517192123 25 27129 31 33 35 37 39 41 43 4547 49

280 man

Optical density

Fractions collected from sephadex G-30 coloumn

Figure 4. Protein contain at optical density 280nm

Our research showed that enzyme production was eifteetive in liquid condition, these finding magshwith
Holker [10], showing that ability of fungi to prodel enzyme in solid and liquid state was differ&mizyme activity
was found to be 2.3cm and 1.304 units /ml qualiédyi and quantitatively respectively.
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Figure 5.0ptimization of pH for asparaginase activy

The activity of asparaginase was evaluated at réiffe pH values under assay conditions and the amoiun
ammonia liberated was determined calorimetricallyzyme activity increased with increase in inifl and
reaches optimum at pH 9 thereafter, it decreassti@sn above in figurb.
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Figure 6.0Optimization of temperature for asparaginae activity

Results obtained from above graph (Figéreindicate that optimum temperature for asparaginativity was
between 48C to 60C concluding that enzyme activity was stable atewidray pH and temperature range.
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Figure 7.Asparaginase production in liquid media
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Production of asparaginase starts after 24 h regchiaximum on 7 day after 144 h of incubation and being stable
up to 9" day after which it starts to decline.

T T

Sample Marker

Figure 8. SDS PAGE electrophoresis for enzyme aspaginase

Molecular weight of asparaginas was determined.b%67 SDS-PAGE. Mobility of band correspond proteiarker
of molecular weight 14,300 KD approximately (Fig@¢.Hence, can conclude that endophytic fuBigiotium Sp.

bears strong potential for production of enzymeaesginase.Stability of enzyme at different tempemgnd pH
range making it suitable for wide array of pharmadioal applications.

Anticancer activity on HelLa cell line

Anticancer activity by enzyme asparaginase (H6) e@#irm on HelLa cell line using adriamycin as staml as
shown in (Figure®.)
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Figure 9.Anticancer activity by asparaginase on Hea cancer cell line

The activity of asparaginase was evaluated atrdiftevalues of pH and temperature under assay wonsliand the
amount of ammonia liberated was determined. Fungalelium was separated by filtration crude enzynss w
collected from broth and used for further purifioatprocess. Asparaginase yield increased withess® in initial

pH of the medium and thereafter it decreased amgned activity was stable at wide array temperatanging from

40°C to 60C. It is suppose that changes in optimum pH angésature of asparaginase may caused by the charge
of a water-insoluble carrier, a chemical alteratidthe enzyme, or some of the enzymatic reactions.

Purification of asparaginase was carried out by 8iaps as mentioned in methodology, fractionetectdd from
Sephadex G50 column were analyzed for asparagaaaty and protein content. Asparaginase Productias
studied in some fungi such #@spergillus tamariiand Aspergillus terreughese fungi were grown in different

medium having different sources of nitrogen andvéts found thatA. terreusshowed the highest asparaginase
activity (58 U/L) with 2% proline medium [11].

In present study, asparaginase activity found.a84Lunits/ml byEurotiumSp. from rhizomes of.longa,which is
less as compared to 3.71 IU/ml by endophiftisariumsp. KLIVRb9-1 from Thai medicinal plant [12]. Thisay
be due to inappropriate culture conditions, needsbdity of microbe for enzyme production. Somelephytes like

41
Pelagia Research Library



Ruby E. Jalgaonwala and Raghunath T. Mahajan Euro. J. Exp. Bio., 2014, 4(3): 36-43

FusariumSpp., Xylaria Sp.PhomopsisSpp. and some filamentous fungi were reportedipusly as producer of
asparaginase [13]. IsolatédirotiumSp. need more research in concern to asparaginagaction.

The marketable accessibility of anticancer enzyspagaginase has revolutionized the molecular aisabfsacute
lymphocytic leukemia and melanosacroma. Therefibre hecessities of new purified asparaginase aremg of
intellectual significance but also of practical ionance [14].There are two types of asparaginasasparaginase
| and Il [15,16,17]. Both of these two enzymes atifin their properties, such as location in thd, calubility in
ammonium sulfate and most significantly, theiration in favor of substrate L-asparagine.

Molecular sequencing and phylogenetic analysis
CTCCCATCCGTGTCTATCTGTACCCTGTTGCTTCGGCGTGGCCACGGTTGCCGAAGACTAACATTTG
AACACTGTCTGAAGTTTGCAGTCTGAGTTTTTAGTTAAACAATAATTAAAA CTTTCAACAACGGATCTC
TTGGTTCCGGCATCGATGAAGAACGCAGCGAAACGCGATAATTAATGTGAA TGCAGAATTCAGTGAA
TCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATTCCGGGGGGCATETGTCCGAGCGTCATTG
CTGCCCTCAAGCACGGCTTGTGTGTTGGGCTTCCGTCCCTGGTAACGGGGAGGCCCAAAAGGCAGT
GGCGGCACCATGTCTGGTCCTCGAGCGTATGGGGCTTTGTCACCCGCTOGTAGGTCCAGCTGGCAG
CTAGCCTCGCAACCAATCTTTTTAACCAGGTTGACCTCGGATCAGGTAGGBTACCCGCTGAACTTAA
GCATATCAATA

FRS§30678 Ewratiuwm repens
EF632054 Ewrotiwm umarosum
HOQS82799 Ewrotium repers
EF632036 Errotium medt uon
EF632081 Ewrotiwm tonophtlum
FR§48828 Ewotium sp
FR831830 Aspergilius prolifera
FJO04830 Eurotiwm niveoglaucum
EF632047 Ewotium heraariorum
(EL001331 Ewroniiom rUOTION
86\ FR727113 Euroriwm rudrum
EF632060 Eworium echinulaion
GUR10086 Eurorium herdariorion

HE378069 Eurotiwm niveogiaucion

Ewrotiion sp

0.000¢

Figure 10 Base pair sequencing and phylogenetic geof Eurotium Sp.

Endophytic fungiEurotium Sp. was sequence on molecular level by 16S RNAgudi® (for internal transcribed
spacer) (Figure 1pWith the help of sequence base pairs phylogersialysis was done. Isolated fungi forms
divergent linkage from cluster oEurotium repens, Eurotium rubrum, Eurotium herbanim, Eurotium
niveoglaucumTherefore, on the basis of phylogency isolate ifiedtasEurotium Sp. For further characterization
up to species level, few more genes have to beesequ
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The present study revealed that, all the selectaedhnpeters examined, showed a considerable impact on
asparaginase production by endoptsteotiumSp. its greater catalytic activity at physiolodipbl and temperature
also its stability over a wide range of pH and temapure along with anticancer activity against Hebacer cell

line, allows it as a favorable enzyme to be expbbénticancer agent.

CONCLUSION

Surface sterilization protocol was suitable forlasion of endophytes, from these present studiess tlearly
indicated that rhizomes of.longa can provide a rich source endophytic fungi prodgcanticancer enzyme
asparaginase.
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