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ABSTRACT

Asparaginase converts L-asparagine to L-aspartiicl @and has received considerable attention in theent years
for its anti-carcinogenic potential. In the presémtestigation, the endophytic fungi isolated fréncordifolia were
screened for the production of extracellular L-asgganase during their growth on Modified Czapekdo&dium
(MCD). The physical and nutritional conditions wesptimized for maximum production of L-asparaginbger.
solani under submerged fermentation conditions (ke fungi exhibited significant variations irethbroduction
of L-asparaginase under the influence of incubageniod, temperature, pH, carbon and nitrogen sestdt was
observed that maximum enzyme activity was recomtedhe &' day of incubation period at pH 7.0 with an
incubation temperature of 30°C at 120 rpm. Suci@2%) was the best carbon source. Different nimogources
at concentrations ranging from 0.1% to 0.5% wersessed. Among them, ammonium nitrate (0.4%) anidreod
nitrate (0.4%) showed maximum production of L- asgaase.

Keywords L-asparaginase, endophytic funigi,solani,submerged fermentation, optimization parameters.

INTRODUCTION

Endophytes colonize plants without causing anybléssigns of disease or morphological changestftaast part or
the whole life cycle of the plant [1]. Endophyte® @apable of synthesizing bioactive compoundsuldef novel
drug discovery [2]. L-asparaginase is an extral@llenzyme used as an anti-cancer agent, hydrolyssparagine
into L-aspartic acid and ammonia and is a promigsiagdidate for the treatment of acute lymphocyigckemia.
Fungi can be easily cultured and purified for Lpasginase conveniently [3]. Many fungal strairs lamown for
their L- asparaginase production potential [4,L54sparaginase is specific in its action and dagsose threat to
the survival of normal cells. The production of asminase by fungal endophytes has been repoed fiant
species with anticancer potentials [6]. The mediciplant T. cordifolia (Menispermacegehas antipyretic, anti-
asthmatic, hypoglycemic, hypotensive, analgesiti;iaflammatory and anti-spasmodic properties Eihdophytes
help the host plant to tolerate biotic and abistiess, increase growth rate and extent of reptmuaend hence
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improve the resistance of host medicinal plantsdxyretion of bioactive metabolites [8]. The preseotk focuses
on the optimization of cultural conditions for thduction of L- asparaginase frdmsolani

MATERIALS AND METHODS

2.1. Source of endophytic fungi:

Endophytic fungi were isolated from fresh and Healvild medicinal plant off. cordifolia (Willd.) Hook. f and
Thomson, collected from Western Ghats of Karnatdkdia. Herbarium of plant samples were prepared an
deposited to National Ayurveda Dietetics Reseanstitute (Central Council for Research in Ayurveda Siddha),
Department of AYUSH, Ministry of Health and Familyelfare, Govt. of India, (New Delhi) Jayanagar, Balore,
India. The plant authentication reference numb&REBI-8976.

2.2. Isolation and identification of endophytic fugi:

The collectedr. cordifolia(stem, leaf and roots) were washed thoroughly iming tap water followed by double
distilled water before processing. The samples veeteinto small pieces (5mm x 2mm) using steriladel and
washed with sterile distilled water. The samplesensurface sterilized by immersing in 70% ethaiol -3 min
and then sterilized by dipping into 2% sodium hydodte for 2-3 min, rinsed in 70% ethanol for 2mbefore a
final rinse with sterile water thrice and alloweal durface dry under aseptic conditions. The suriteeilized
samples were placed on Potato Dextrose Agar (PD#tep amended with 50 mg/L tetracycline to suppthes
bacterial growth and incubated at 26 + 2°C for 3 thays [9]. The hyphal tip of endophytic fungi giow out from
the plant tissue was transferred to fresh PDA plaidter incubation at 28 + 2°C up to 14 days, fimegal cultures
were identified based on the cultural charactesstmorphology of the fruiting bodies and sporesng standard
manuals [10].

2.3. Molecular identification of the endophytic furgi:

The fungal isolates were grown in 100ml PDB for 8#ys at 28°C. The mycelia was harvested and wastied
distilled water and ground with liquid nitrogen. & hucleic acid was extracted using the cetyl tirpleimmonium
bromide (cTAB) method. Polymerase chain reacti@s warried out using universal primers ITS1 andlTEhe
PCR products were visualized in 0.8% agarose gelgusthidium bromide and UV transilluminator. Pritr
sequencing, amplicons were cleaned using Gen EIURCR clean-up kit according to the manufacturer’s
instructions and sequencing was carried out in Bhaitomated DNA sequencer. The sequencing PCRsetasp
using ABI-Big Dye® Terminator v3.1 Cycle Sequenciki [11]. BLAST analysis was carried out in the RIC
database. The fungus was identified and the sequeas submitted to NCBI Gen bank.

3. Determination of L-asparaginase activity from edophytic isolates

3.1. Plate screening of asparaginase producing fung he endophytic fungi isolated from

T. cordifolia were screened for their ability to produce aspaagg. The mycelial plugs from the isolated
endophytic fungi were inoculated on Modified Czagek (MCD) agar medium. The incubation was carriexbam
temperature for 5 to 7 days. The appearance afilkazumne around the fungal colony on a yellow coh&dia is an
indication of the Lasparaginase [12].

3.2. L-asparaginase production by submerged fermeation: Submerged fermentation for L-asparaginase
production was carried out using MCD medium. Thadaes were grown on the MCD plates for 3 days. wrh
disc of the inoculum was taken from the culturegelasing a cork borer and inoculated into 100 mihef MCD
medium in a 250 ml Erlenmeyer flask. The flasksenvi@icubated at 30°C and maintainguto 8 days. Following
incubation, the broth was centrifuged with a cogleentrifuge at 10,000 rpm for 10 mins 4€4 Uninoculated
media served as control. The supernatant was stk @&rude enzyme to estimate L-asparaginasetgctiv

Statistical Analysis: All the experiments were performed in triplicatesl ahe means were analyzed statistically
with the SPSS program version 20. The analysisagarce was carried out according to the rulesOXNA. The
significant differences between the means werenaéted through Duncan’s multiple range Test (DMRT).

3. 3. L-asparaginase assay and protein estimation:

3.3.1. L-asparaginase enzyme estimation:

L-asparaginase assay employs the Nesslerizatiastiorawherein the ammonia liberated from L-asparagis
indicated by the formation of an orange coloredisoh and L-asparagine is used as the substrate.rddction
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mixture consists of 0.5 ml of 0.5 M phosphate buffgH 7), 0.5 ml of 0.04 M L-asparagine, 0.5 mldiétilled
water and 0.5 ml of crude enzyme which were mixagkther, shaken well and incubated at 37°C for B0 whe
reaction was terminated by the addition of 0.5 il.6 M trichloroacetic acid (TCA). The ammoniadifated was
quantified by calorimetric estimation with the aitwh of 0.2 ml Nessler’'s reagent to a mixture df Ml filtrate and
3.75 ml distilled water. The absorbance was reabrde 450 nm with a UV-spectrophotometer (UV-1800
SHIMADZU, Japan) after a final incubation for 10miThe blank was prepared by adding the enzyme #ifee
TCA addition. The amount of ammonia liberated by test sample was calculated using the ammoniufatsul
standard curve [13]. One international unit (IU)Leésparaginase is the amount of enzyme needdbdmte one
umol/min of ammonia at 2€. Protein content was estimated by using bovinensalbumin as the standard [14].

Units/ml enzyme =ymole of NH; liberated) (2.5)
(0.1) (30) (1)

2.5 = Initial volume of enzyme mixture in mi

0.1 = Volume of enzyme mixture used in final reactin ml
30 = Incubation time in minutes

1 = Volume of enzyme used in ml

International unit: One IU of L-asparaginase activity is defined ad #mount of enzyme which catalyses the
formation of lumole of NH; per minute under the optimal assay conditions

3.4. Optimization of parameters for production of L-asparaginase: The dynamics influencing the L-
asparaginase were assessed and the optimizatioascamied out by varying one parameter at a tieepkng the
other parameters unaltered for the maximal prodoatif asparaginase. The optimization of L-aspaesgrbyfF.
solanidepends on several factors such as incubationgggemperature and pH. The effects of differembaa and
nitrogen sources on asparaginase production weodralestigated.

3.4.1. Effect of incubation period: The L-asparaginase production By solaniwas carried out using 100ml of
MCD (pH 6) containing 1% asparagine in 250ml Erleyer flasks inoculated with a 5 mm culture disc amle
incubated at different growth intervals. The filter was assessed at different incubation periodgl(8) at 36C
and the enzyme activity was determined.

3.4.2. Effect of pH: To determine the maximum asparaginase productioa particular pH, the medium was
adjusted to various pH ranges of 3, 5, 7 and 9guBihNaOH and IN HCI. The endophytfe solani(5mm) was
inoculated into the MCD medium and the flasks wiapeibated for 7 days at %D. The clear supernatant was used
to determine the enzyme activity.

3.4.3. Effect of temperature:To observe the effect of temperature on the pracinadf L- asparaginase by.
solani,the medium was inoculated with a 5mm culture disd mcubated at different temperatures of 28°CC30°
and 37°C. The flasks were incubated for 7days. Simgernatant was used as crude enzyme to calcliate t
asparaginase activity and protein content.

3.4.4. Effect of carbon sourceThe influence of different carbon sources on effitiasparaginase production was
assessed. Five carbon sources- glucose, sucrokesendactose and starch (0.2%) were utilized iandbated for
7days at 38C. The supernatant was utilized for determiningetheyme activity and protein content.

3.4.5. Effect of nitrogen sourceA single 5 mm disc of the inoculum from the cultyrates ofF. solani was
inoculated into 250ml erlenmeyer flasks consistifid00 ml of the fermentation medium. The effectdifferent
nitrogen sources (Peptone, Yeast extract, Potassiwate, Ammonium nitrate and Sodium nitrate) sparaginase
production was assessed at concentrations rangingd.1% to 0.5%, incubated for a period of 7 daty30C. The
enzyme activity was determined by utilizing the esunatant in order to measure the asparaginaseétyactiv

RESULTS AND DISCUSSION
4.1. Screening for L-asparaginase activity on MCD edium:

A total of 25 endophytic fungi were isolated frdm cordifolig, the preliminary screening for asparaginase activity
of the endophytic isolates was determined by tlaephssay, which revealed the appearance of azpimk around
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the fungal colony indicating the L-asparaginaselpobion (Fig-1). An increase in pH due to ammordeuenulation
in the medium results in the change of color froeliow to pink and is suggestive of the fact tha g&ndophytic
fungi are able to utilize the asparagine (substrayethe secretion of the enzyme asparaginase.pldte assay
method is a qualitative, simple and rapid screemngcedure for L-asparaginase production. The tesale
depicted in the Table:-1

Figl: Fungal isolate on a Modified Czapekdox platéMCD)
A) Asparaginase positive plate
B) Asparaginase negative plate

Table-1: Screening of endophytic fungi for L-asparginase production using plate assay method

SI. No | Endophytic fungal code| Identification of thesolate | Zone diameter (in mm)

1 ABL Aspergillus niger 0

2 ABL1 Fusarium solani 25.00+0.59
3 ABL2 Rhizopus sp 0

4 ABL3 Aspergillus sp. 0’

5 ABLS1 Mucor sp. 0’

6 ABLS2 Mycelia sterilia spp.1 47 68130
7 ABLS3 Aspergillus spp. 43.66%+0.78
8 ABLS4 Mycelia sterilia spp.2 34.860.29
9 ABPS1 Cladosporium spp. 54.00+0.51
10 ABPS2 Penicillium spp. 0

11 ABPS3 Mycelia sterilia 0

12 ABS Penicillium spp. 59.00+0.51
13 ABS1 Aspergillus oryzae 0

14 ABS2 Mycelia sterilia 0

15 ABS3 Trichoderma asperellum 69.00+0.29
16 ABSS1 Cladosporium sp. 0

17 ABSS2 Aspergillus sp. 23.66™+0.78
18 ABSS3 Cladosporium sp. 0

19 ABSS4 Aspergillus sp. 24.00+0.78
2C ABSSE Aspergillus sg 36.0C°+0.51
21 ABR Phomopsis sp. 0

22 ABR1 Mycelia sterilia 0

23 ABR2 Colletotrichum sp. 0’

24 ABR3 Mucor sp. 0

25 ABR4 F.solani 76.000.51

Values followed by the same lower case alphabetseieach column are statistically equivalent (F38).according to the Duncan multiple
range test.

Of the 25 endophytic fungal isolates, 11 isolate®/) were screened positive for the L- asparaginateity. The
isolate ABR4was selected for the optimization stadbased on the initial screening by plate assapade The
isolate was identified dsusarium solan{Fig-2) and the sequence was submitted to Gen Wwithkthe accession no.

KJ729476.
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Fig 2: Pure culture of endophytic fungusFusarium solani

4.2. Optimization of culture parameters for L-asparaginase production:

The various parameters for efficient L- asparagiraguction were optimized. Different growth conaiits have an
influence on the production of L-asparaginase, Bemecessitating conditions in which the fungi caodpce high
yield of L- asparaginase without an increase in the ebgroduction. The physical and the nutritionalgraeters
play a pivotal role in the improvement of the L-asgminase secretion and hence the incubation periogbation
temperature, pH, carbon and nitrogen sources waieiaed.

4.2.1. Effect of incubation period:

The effect of fermentation time was evaluated ttenthe optimal time period for the best productimhL-
asparaginase. The time course of the incubatioiogheanged from Day 1 to Day 8. In the present wtulle
production of L- asparaginase By solaniwas studied when cultivated on MCD medium with 1%sdparagine as
the substrate. The asparaginase activity was digtedrafter each day of incubation up to 8 days ridep to
determine the optimum incubation period for gooadoiction of asparaginase.
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Fig 3: Effect of incubation period on L-asparaginae production by F. solani

The maximum amount of L- asparaginase productios meded on the"sday of incubation period by after which a
gradual decline in the enzyme production was nofed. further increase in the incubation periodsutes! in a
decreased production of L- asparaginase enzyme ifaly be due to the depletion of media nutrientsher
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production of metabolites which may result in griewthibition or a change in pH [15]. Other studiefiect on the
shorter incubation period required for L- asparagen production byAspergillussp. [16, 17, 18]Penicillium sp.
[19]. An incubation period of 120 hrs required the production of L-asparaginase enzymd-bgariumsp3 [20]
whereas efficient asparaginase productionAspergillussp. ALAA- 2000 was reported on thd @lay of the
incubation period by submerged fermentation [21licWlis in accordance with our study.

4.2.2. Effect of pH: Microbial enzyme activity is greatly influenced Hye surface charges present on the amino
acids. Enzyme activity can be either enhanced libited depending on the change in the pH, and dheamn
influence the growth of microorganisms [6]. Thetiadi pH of the production medium is an importanttéa
affecting enzyme production as it influences theiant availability and controls the fungal growth.

The highest enzyme activity was observed at pHwith an activity of 0.681 U/ml. Similarly, maximurh-
asparaginase production at pH 7.0 Fysarium equiset[15] and Aspergillus terreug16] has been reported. A
decline in the enzyme activity noted after the mptn pH may be due to the fact that both acidic a@keline pH
has an inhibitory effect on the growthffsolaniand enzyme production. Also, enzyme activity detlon may be
due to the partial denaturation of the enzyme i@salt of dissociation of the ionizable enzyme gauA change in
pH prevents the binding of a substrate to the eezgming to change of shape and properties of apnemand/or
the substrate [22]. A pH of 6.2 as optimum for aagmase production blusariumsp. has been reported [20]
whereas a pH of 6.0 was the optimal pH for L-asgiagse production iRenicilliumsp. [23]. Interestingly, a pH of
5.0 was found to be optimal for L-asparaginase gpetdn byF. oxysporunj24].
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Fig 4: Effect of pH on L-asparaginase production byr. solani

4.2.3. Effect of Temperature:

The incubation temperature is a critical environtakfiactor for L-asparaginase production by microbes as it
regulates microbial growth and consequently enzgewretion. Temperature influences the rate of themical
reaction thus affecting rate of enzymatic activithe endophytic fungus. solaniwas able to grow and secrete the
enzyme at all the tested temperature parametehsthdt maximum production at 3@ with an activity of 0.416
U/ml. However, the enzyme activity decreased ahéigemperature of 86 which can be attributed to the partial
enzyme denaturation as a result of change in thabuokc activities of the organism. Our resultsretate with the
reports of earlier workers iMucor hiemalig25], Penicillium sp. [26],Aspergillus terreu$27] who have reported
maximum activity of L-asparaginase at 30°C. A terapge of 37C was found to be optimum for asparaginase
production byA. terreug[17]. However, highest asparaginase activity has beertezpat 48C [15].
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Fig 5: Effect of Temperature on L-asparaginase prodction by F. solani

4.2.4. Effect of Carbon sourcesCarbon is the major structural and functional congr of microbial cells. Fungi
are capable of using wide variety of carbon compisusut most of the fungi prefer simple sugars [24].
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Fig 6: Effect of Carbon sources on L-asparaginaserpduction by F. solani

Five different carbon sources were studied forrtheiasparaginase production. The present studgalevthatr.
solani could produce maximum asparaginase when sucro286)0s used as the carbon source (0.166U/ml).
Sucrose demonstrates significant production of emzgue to its inductive effect as an inexhaustédarce of
carbon as compared to other carbon sources afgbihalps in stabilizing the enzyme [28fudies have reported
sucrose as a good carbon source to induce L- agpasa production by. oxysporum[24]; whereas highest
amount of asparaginase production has been obsanvite presence of glucose while sucrose suppaidy
minimum activity byFusarium sp [29]. A study on L- asparaginase reveals gluais@.4% concentration as the

best carbon source [25]. Also, earlier reports ssgthat glucose served as the best carbon saurtteef production
of L-asparaginase iR. equiset{15] andA. niger[30].

4.2.5. Effect of Nitrogen sourcesFungi are reported to exhibit great specificity fairogen source present in the
medium. The nitrogen source has a profound inflaesrcthe metabolism of microorganisms [ZHje influence of
different organic nitrogen sources and inorganirses were studied.
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Fig 7: Effect of Nitrogen sources on L-asparaginasgroduction by F. solani

Although L-asparagine itself acts as nitrogen seincthe growth medium, the influence of suppleredntitrogen
source on the activity of L-asparaginase was studich one of these nitrogen sources was add#deetéICD
medium individually at concentration along with terezymatic inducer L-asparagine. The differentogién sources
were supplemented into the medium at concentratianging from 0.1% to 0.5% for L- asparaginase potidn.
The graph reveals that sodium nitrate and ammonnitrate at concentrations of 0.1%, 0.4% and 0.5%
demonstrated maximal L-asparaginase productiontoRef0.4%) revealed significant L-asparagine pctidn as
compared to yeast extract and potassium nitratehwproduced insignificant amount of L- asparagiRig (6).
However, yeast extract and potassium nitrate shdesdst production of L-asparaginase by the stRisolani.
Incorporation of sodium nitrate in the productioedium favored increased L-asparaginase produati@acillus
KK2S4 [31]. The substrate L- asparaginase has lfeend to be the best source for the biosynthesid -of
asparaginase. However, sodium nitrate reportetbtihest production of L- asparaginaseAspergillussp. ALAA-
2000 strain [21]. A concentration of 0.25% ammoninitnate has been found efficient in asparaginaseyztion
[15].

CONCLUSION

This report highlights the asparaginase producfrem endophytic fungi isolated frori. cordifolia. The L-

asparaginase producing fungus was detected byta pksay method. Among 25 isolates, ABF4 $olan)

exhibited maximum L-asparaginase production by srged fermentation. The findings of the study Imphasis
for the further optimization efforts for large segdroduction and efficient process developmengeffactive enzyme
production.
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