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Endophytes are novel sources of natural bioactive compounds. This study seeks endophytes

that produce the anticancer enzyme L-asparaginase, to harness their potential for mass produc-

tion. Four plants with anticancer properties; Cymbopogon citratus, Murraya koenigii, Oldenlan-

dia diffusa and Pereskia bleo, were selected as host plants. L-Asparaginase-producing

endophytes were detected by the formation of pink zones on agar, a result of hydrolyzes of

asparagine into aspartic acid and ammonia that converts the phenol red dye indicator from yel-

low (acidic condition) to pink (alkaline condition). The anticancer enzyme asparaginase was fur-

ther quantified via Nesslerization. Results revealed that a total of 89 morphotypes were isolated;

mostly from P. bleo (40), followed by O. diffusa (25), C. citratus (14) and M. koenigii (10). Only

25 of these morphotypes produced L-asparaginase, mostly from P. bleo and their asparaginase

activities were between 0.0069 and 0.025 lMmL�1 min�1. L-Asparaginase producing isolates

were identified as probable species of the genus Colletotrichum, Fusarium, Phoma and Penicil-

lium. Studies here revealed that endophytes are good alternative sources for L-asparaginase pro-

duction and they can be sourced from anticancer plants, particularly P. bleo.

ª 2014 Production and hosting by Elsevier B.V. on behalf of Cairo University.
Introduction

Endophytes are microorganisms that reside inside the internal
tissues of living plants without causing any symptoms and
obvious harm to the host plants [1]. Endophytes are ubiqui-
tously found in all plants and are valued for their ability to

synthesize various useful bioactive compounds [2]. These
bioactive compounds were originally involved in defense
mechanisms against phytopathogens [2]. However, in the

recent years, endophytic bioactive compounds were gradually
integrated in novel drug discoveries due to their wide variety
of biological activities as antibiotic, anticancer, antioxidant,

and anti-inflammatory agents [3]. Research on endophyte-
derived bioactive compounds was escalated with the discovery
of taxol from endophytic Taxomyces andrenae [4]. This anti-

cancer agent was formerly extracted from the Pacific yew tree,
and with this discovery, more taxol can be produced without
the mass destruction of the yew trees. With the discovery of
taxol-producing endophyte T. andrenae from yew trees, many

researchers hypothesize that endophytes from anticancer
plants have potential to synthesize compounds with anticancer
properties. This prompted investigations on the study of anti-

cancer compounds produced by various endophytes, such as
campthothecin [5], maytansine [6] and cajanol [7]. In this
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mailto:adelsuyien@yahoo.com
mailto:adeline.ting@monash.edu
http://dx.doi.org/10.1016/j.jare.2014.07.005
http://dx.doi.org/10.1016/j.jare.2014.07.005


870 Y. Chow and A.S.Y. Ting
study, the interest is to source for L-asparaginase-producing
endophytes.

L-Asparaginase (E.C.3.5.1.1) is an enzyme that catalyzes the

hydrolysis of L-asparagine to L-aspartate and ammonia [8]. In
cancer treatment, L-asparaginase removes L-asparagine in the
serum, depriving tumor cells from large amounts of asparagine

required for growth [9], thus controlling tumor growth effec-
tively [10]. In fact, L-asparaginase is a clinically acceptable
anticancer agent for the treatment of Acute Lymphoblastic

Leukemia (ALL) [9]. L-Asparaginase was conventionally
derived from bacteria, typically from Escherichia coli and
Erwinia carotovora due to their cost-effective nature [8]. How-
ever, L-asparaginase from prokaryotic sources causes has now

been found to have many side effects, primarily hypersensitiv-
ity which leads to allergic reactions and anaphylaxis. Thus, in
the recent years, eukaryotic fungi have been investigated as

sources of L-asparaginase [2] as the interest in endophytes as
sources of L-asparaginase is relatively new and only few studies
have been reported.

In this study, endophytic fungi were isolated from four
common Malaysian medicinal plants; Pereskia bleo (Seven
star needle or Qi Xing Zhen), Murraya koenigii (Curry

plant), Oldenlandia diffusa (Chinese herb Bai Hua She She
Cao) and Cymbopogon citratus (Lemon grass). These plants
are known to have ethno-botanical properties. P. bleo is
used to treat diabetes, hypertension and also cancer [11].

The curry plant, M. koenigii, is often used as traditional
remedy for the treatment of piles, headache, stomach ache,
influenza, snake bites, curing dysentery, diarrhea and cancer

[12]. Although L-asparaginase production from these selected
plants is not known, we draw conclusions that because of
the anticancer properties of the plants and that fungus are

eukaryotes; there is a possibility that L-asparaginase endo-
phytes may be isolated. Many other discoveries of endo-
phytes with active biomolecules were made from various

medicinal plants irrespective of the properties found in the
plants [5–7]. In addition, L-asparaginase is an important
anticancer molecule which is often sourced from microorgan-
isms, and we were hoping to achieve similar discoveries as

the taxol-producing T. andrenae [4].
To date, endophyte studies for P. bleo and M. koenigii are

limited, although isolation of Campylospora chaetocladia as an

endophyte in M. koenigii [13] has been reported. Similarly,
endophyte isolation has not been attempted for O. diffusa
although this plant has been used in China for many years

to treat hepatitis, sore throat and malignant tumors of the
liver, lung and stomach [14]. On the contrary, C. citratus is
the only plant selected which has a more extensive endophyte
profiling. This plant, used to treat fever, infection, headaches

as well as having antitumor and anti-inflammatory properties,
are host to a variety of endophytes such as Aspergillus sp.,
Cladosporium sp., Gleocladium roseum, Macrophoma sp., Pen-

icillium notatum and Trichoderma viride [15]. However, L-
asparaginase producing endophytes from this plant have not
been reported as well.

This study was conducted to explore the potential of isolat-
ing and harnessing the potential of L-asparaginase-producing
endophytes from the four Malaysian medicinal plants (P. bleo,

M. koenigii, O. diffusa and C. citratus) with anticancer proper-
ties. Endophyte diversity was established and their L-asparagi-
nase production is reported here.
Material and methods

Isolation and culture establishment

Endophytes were isolated from fresh leaves and stems of anti-
cancer plants; C. citratus, M. koenigii, O. diffusa and P. bleo.

These plants were sampled randomly from a housing garden
at Bandar Tun Hussein Onn, Selangor, Malaysia. The plant
tissues were first left under running tap water for 15 min.

The leaf tissues were then cut into 2 cm · 2 cm segments
whereas the stem tissues were cut to a length of 2 cm each.
The tissues were subjected to triple sterilization technique,
beginning with 40% household bleach for 5 min, then in

50%, 70%, 90% and 100% ethanol for 2 min each immersion,
and finally a quick rinse in sterilized distilled water. This pro-
cedure was performed and repeated twice on the same batch of

plant tissues [16]. Surface-sterilized tissue segments were then
injured and seeded onto Potato Dextrose Agar (PDA, Merck)
supplemented with Rose bengal (0.033 g L�1) and chloram-

phenicol (0.05 g L�1), to select for fungal endophytes [8]. Con-
trols were prepared by seeding non-injured surface-sterilized
tissue segments onto PDA plates. The absence of mycelial
growth indicated effective surface sterilization while mycelial

growth from injured tissues was identified as endophytes. All
PDA plates were incubated at 28 ± 2 �C for 7–14 days. The
fungal colonies were subsequently transferred to fresh PDA

plates to establish pure cultures.

Screening of L-asparaginase-producing endophytes

A 5-mm fungal mycelial plug was inoculated onto Modified
Czapex Dox’s (McDox) agar [agar powder (20.0 g L�1), glu-
cose (2.0 g L�1), L-asparagine (10.0 g L�1), KH2PO4

(1.52 g L�1), KCl (0.52 g L�1), MgSO4Æ7H2O (0.52 g L�1),
CuNO3Æ3H2O (0.001 g L�1), ZnSO4Æ7H2O (0.001 g L�1),
FeSO4Æ7H2O (0.001 g L�1)] supplemented with L-asparagine
(10.0 g L�1) and 0.3 mL of 2.5% phenol red dye (indicator)

[17]. Controls were prepared by inoculating mycelial plugs
on McDox agar without asparagine. Triplicates for each iso-
late were prepared. All the plates were incubated at

28 ± 2 �C. After 5 days of incubation, the diameter of the pink
zone was measured [8].

L-Asparaginase activities in selected endophytes

Selected fungal cultures were first established in 30 mL of
McDox broth and incubated for 5 days at 120 rpm. After incu-

bation, 100 lL of broth (crude enzyme) was pipetted into 2 mL
microcentrifuge tubes. To this, 100 lL of Tris HCl (pH 7.2),
200 lL of 0.04 M asparagine and 100 lL of sterile distilled
water (SDW) were added. The mixture was incubated at

37 ± 2 �C for 1 h. After incubation, 100 lL of 1.5 M Trichlo-
roacetic Acid (TCA) was then added to stop the enzymatic
reaction. This was followed by pipetting 100 lL of the mixture

into fresh tubes containing 750 lL SDW and 300 lL of Ness-
ler’s reagent [18] and incubated at 28 ± 2 �C for 20 min, after
which the absorbance of the samples was measured at 450 nm.

One unit of asparaginase is expressed as the amount of enzyme
that catalyzes the formation of 1 lmol of ammonia per minute
at 37 ± 2 �C [18].
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Identification of L-asparaginase producing endophytes

Selected endophytes were first established in Potato Dextrose
Broth (PDB) and incubated for 5 days at 28 ± 2 �C. Genomic
DNA was extracted from 200 mg wet weight of fresh mycelium

[19]. The mycelium was ground in liquid nitrogen. The geno-
mic DNA (gDNA) was extracted using the GF-1 Plant DNA
Extraction Kit-50 preps, as described by the manufacturer
(Vivantis� Technologies, California, United States of Amer-

ica). The genomic DNA was amplified using the universal pri-
mer ITS1 (50-TCCGTAGGTGAACCTGCGG-30) and ITS4
(50-TCCTCCGCTTATTGATATGC-30) [32]. The PCR was

performed on the reaction mixture (50 lL) which consisted
of 5 lL genomic DNA (�100 ng), 5 lL of forward (ITS1)
and reverse (ITS4) primers each (10 lM), 25 lL GoTaq @

Green Master Mix 2x (Promega, Malaysia), and 10 lL nucle-
ase free water (Promega, Malaysia). Amplification process was
initiated by pre-heating at 95 �C for 1 min, followed by 34

cycles of denaturation at 95 �C for 30 s, annealing at 60 �C
for 40 s, extension at 72 �C for 90 s and a final extension at
72 �C for 5 min. Amplifications were performed on a MyCy-
cler Thermocycler (Bio-Rad). The products of the PCR reac-

tion were then examined by electrophoresis using 1% (w/v)
agarose gel, stained with gel red (Biotium�) and visualized
with a UV transilluminator. Subsequently, the PCR products

were purified using the Wizard� SV Gel and PCR Clean-Up
System (Promega�) and outsourced to 1st Base� Techniques
for sequencing. The sequence results were compared to the

database from National Center for Biotechnology Informa-
tion, USA (NCBI) using BLAST search (http://blast.
ncbi.nlm.nih.gov/BLAST.cgi).

Statistical analysis

The experiment was conducted in a Complete Randomized
Design (CRD) with triplicates for each parameter assessed.

The data were statistically analyzed using the software Statis-
tical Package for the Social Sciences (SPSS) version 20.0.
One-way ANOVA with Tukey’s Studentized Range Test

(HSD(0.05)) were applied to analyze all the data collected. Dif-
ferences were considered significant at p< 0.05.
Results

Isolation of endophytes

Endophytes were found in all four anticancer plant species
with a total of 355 endophytes isolated from the 699 tissue seg-

ments used. Endophytes were mostly recovered from P. bleo
(203 isolates), followed by O. diffusa (68 isolates), C. citratus
(49 isolates) and M. koenigii (35 isolates) (Fig. 1). It was also
observed that for all four plants, a higher number of endo-

phytes were recovered from leaf tissues than in stem tissues
(Fig. 1). This was most evident in P. bleo where 190 isolates
were found in leaf tissues compared to only 13 isolates from

stem tissues (Fig. 1). Due to the large number of endophytes,
the isolates were further grouped into 89 morphotypes with
each morphotype comprising of isolates with similar morpho-

logical and cultural characteristics. P. bleo have the most mor-
photypes (40 morphotypes), followed by O. diffusa (25
morphotypes), C. citratus (14 morphotypes) and M. koenigii
(10 morphotypes). For all subsequent tests, morphotypes were
used.

Detecting L-asparaginase producing endophytes and their

activities

Of the 89 endophytes (morphotypes), only 25 morphotypes
were L-asparaginase-producing endophytes (Fig. 2). For these
positive isolates, formation of pink zone was evident as a result

of L-asparaginase produced by the endophytes, which hydro-
lyzes asparagine into aspartic acid and ammonia, converting
the phenol red dye indicator from yellow (acidic condition)

to pink (alkaline condition) (Fig. 3). Each morphotype pro-
duced different sizes of pink zone diameter, ranging from 0.4
to 3.7 cm with a median of 1.2 cm.

The positive endophytes produced asparaginase activities

ranging from 0.0069 to 0.025 lM�1 mL�1 min�1 (Table 1).
Eighteen of these endophytes were considered to have rela-
tively high asparaginase activity (0.010–0.025 lM�1 mL�1 -

min�1) whereas 7 endophytes (PBL1, PBL2, PBL4, PBL6,
PBS2, PBL9, CCL2) have low asparaginase activity (0.0069–
0.0098 lM�1 mL�1 min�1) (Table 1). Isolates PBS1, PBL13,

CCL1, ODL4 and MKS1, from various plants, were among
the 18 endophytes with high L-asparaginase activities. The
endophyte with significantly highest L-asparaginase activity
was ODL4 from O. diffusa (0.025 lM�1 mL�1 min�1), fol-

lowed by CCL1 (0.023 lM�1 mL�1 min�1), PBL13
(0.019 lM�1 mL�1 min�1), PBS1 (0.018 lM�1 mL�1 min�1)
and MKS1 (0.013 lM�1 mL�1 min�1). The least L-asparagi-

nase activity was produced by PBS2 from P. bleo
(0.0069 lM�1 mL�1 min�1) (Table 1). Most of the strong
L-asparaginase producers were isolated from O. diffusa (5 iso-

lates), C. citratus (2 isolates) andM. koenigii (1 isolate). P. bleo
host both strong and weak-producers of L-asparaginase, with
10 and 6 isolates, respectively (Table 1). This suggested that

there was no trend in host-specificity with L-asparaginase
producers.

In addition, results from both the qualitative (pink zone
diameter) and quantitative (L-asparaginase activities) assays

were used to perform a simple regression analysis to study
the correlation between the two methods used. This regression
analysis has a weak correlation coefficient (r) of 0.157, indicat-

ing a weak relationship between pink zone diameters on agar
plates with asparaginase activities determined quantitatively.
In addition, the value of p< 0.179 indicated that the coeffi-

cient is not significantly different from 0. These results com-
plied with the observation where 11 of the 25 positive
endophytes showed high asparaginase activities which did
not correlate to the diameter size of the pink zones. ODL4

which recorded the highest asparaginase activity (0.025 lM�1 -
mL�1 min�1), have only 2.7 cm diameter, compared to CCL3
with a 3.7 cm diameter but only 0.017 lM�1 mL�1 min�1 L-

asparaginase activity.

Identification of L-asparaginase producing endophytes

Identification was performed based on sequencing results of
the 23 selected endophytes with search sequences referred to
the NCBI database. Nineteen of the L-asparaginase

producing endophytes were identified as probable species of

http://blast.ncbi.nlm.nih.gov/BLAST.cgi
http://blast.ncbi.nlm.nih.gov/BLAST.cgi


Fig. 1 Total number of fungal endophytes isolated from leaf and stem tissues of respective anticancer plants.

Fig. 2 Comparison between total morphotypes against positive L-asparaginase-producing fungal endophytes in selected anticancer

plants (P. bleo, M. koenigii, C. citratus and O. diffusa).

Fig. 3 L-Asparaginase producing fungal endophytes was distinguished based on the formation of pink zone (A) as compared to

endophytes without L-asparaginase activity (B). Cultures were 5-day old cultures.
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Table 1 Asparaginase activities (lM�1 mL�1 min�1) of the 25 fungal endophytes isolated

from Leaf (L) and Stem (S) tissues of Pereskia bleo (PB), Cymbopogon citratus (CC),

Oldenlandia diffusa (OD) and Murraya koenigii (MK). Mean and standard deviation are

included. Means with the same letters are not significantly different as determined by Tukey’s

Studentized Range Test (HSD0.05) (Tukey grouping).

Plant Endophyte

isolate

Mean asparaginase

activity

(lM�1 mL�1 min�1)

Standard

deviation

Tukey

grouping

Pereskia bleo PBL1 0.08 0.0013 bc

PBL2 0.098 0.0038 abc

PBL3 0.015 0.0032 abc

PBS1 0.018 0.0038 abc

PBL4 0.009 0.0005 bc

PBL5 0.015 0.0042 abc

PBL6 0.008 0.0012 bc

PBL7 0.011 0.0011 abc

PBL8 0.01 0.0005 abc

PBS2 0.007 0.0016 c

PBL9 0.009 0.0006 bc

PBL10 0.016 0.002 abc

PBL11 0.012 0.0004 abc

PBL12 0.017 0.0003 abc

PBS3 0.013 0.0015 abc

PBL13 0.021 0.0191 abc

Oldenlandia diffusa ODL1 0.013 0.0013 abc

ODL2 0.017 0.0028 abc

ODL3 0.014 0.0043 abc

ODL4 0.0246 0.0053 a

ODL5 0.012 0.0023 abc

Cymbopogon citratus CCL1 0.023 0.0073 abc

CCL2 0.009 0.0095 bc

CCL3 0.017 0.0009 abc

Murraya koenigii MKS1 0.013 0.0015 abc
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Colletotrichum (12 morphotypes), Fusarium (4 morphotypes),
Penicillium (2 morphotypes) and Phoma (1 morphotype).

Another four endophytes were identified only to the probable
phylum and class of Ascomycota (2 morphotypes) and Doth-
ideomycetes (2 morphotypes), respectively (Table 2).

The morphological and cultural appearance of the five most
active producers of L-asparaginase is represented in Fig. 4. Iso-
late PBL13 identified as Penicillium simplicissimum have green

powdery spores, typical of Penicillium species; isolates PBS1
and CCL1 have slight discrepancies in morphological appear-
ance despite being identified as Dothideomycetes sp. which may
be attributed to species variability. MKS1 was identified as

Fusarium sp. which has white fluffy mycelium. ODL4 was
identified as Ascomycota sp. (Fig. 4).
Discussion

The selected Malaysian plants with anticancer properties (P.
bleo,M. koenigii, C. citratus and O. diffusa) were found to host

endophytes with L-asparaginase activities, an essential tumor-
controlling enzyme. This is the first reporting of L-asparaginase
fungal endophytes for C. citratus, P. bleo, M. koenigii and O.

diffusa, although L-asparaginase–producing bacteria have been
isolated from C. citratus [20,21] prior to this study. Our results
supported the hypothesis that medicinal plants are potential
hosts of endophytes with medicinal properties. Although we

did not confirm in this study if this was a result of co-evolution
of host plants with endophytes, many studies have observed
similar trends and the hypothesis remained strong as postu-

lated by [8]. We also observed that the number of endophytes
isolated from each of the four medicinal plants varies. We did
not vary or increase the sampling size as typically, beneficial

endophytes can be recovered from few plant samples irrespec-
tive of seasonal change [35]. Several factors may influence
endophyte distribution and colonization frequency, with rain-
fall and age of host plant as the two most common factors.

Rainfall enhances endophyte dispersal and colonization [22],
while older plants have larger organs to host more endophytes
[23]. We do not rule out the possible influence of these two fac-

tors although we did not ascertain the age of the four plants
sampled nor measured the rainfall. In addition the distinct
numbers of endophytes residing in leaf and stem tissues

observed in P. bleo, M. koenigii, C. citratus and O. diffusa
was consistent with observations in other important medicinal
plants where frequency of endophytes was highest in leaves,
followed by stems and roots [24]. Leaves are generally pre-

ferred by endophytes as leaves have greater surface area [23],
is nutrient-rich and thin-walled to allow endophytic coloniza-
tion [25]. These factors coincide with the nature of leaves



Table 2 Identification of selected fungal endophytes isolated from P. bleo, M. koenigii, C. citratus and O. diffusa to the most probable

species based on similarities of ITS sequences to the NCBI database.

Isolate GenBank accession

number

Closest related species No of base

pairs analyzed

Percentage of

similarity (%)

PBL1 N/A

PBL2 KM104576 Colletotrichum siamense F272 464 99

PBL3 KM104578 Penicillium simplicissimum strain KUC 5153 578 100

PBS1 KM104575 Dothiodeomycetes sp. P15E6 477 99

PBL4 KM104582 Colletotrichum sp. NK29 459 99

PBL5 KM104583 Colletotrichum sp. NK29 390 100

PBL6 KM104585 Colletotrichum gloeosporioides strain M2.1 440 99

PBL7 N/A

PBL8 KM104586 Colletotrichum gloeosporioides 445 99

PBS2 KM104587 Colletotrichum gloeosporioides UFMGCB 441 99

PBL9 KM104588 Colletotrichum sp. NK22 479 100

PBL10 KM104591 Colletotrichum sp. NK29 446 99

PBL11 KM104592 Fusarium proliferatum 558 99

PBL12 KM104594 Colletotrichum gloeosporioides isolates Cglo TIN03 524 99

PBS3 KM104596 Colletotrichum sp. NK29 480 99

PBL13 KM104597 Penicillium simplicissimum KUC5153 559 100

ODL1 KM104580 Fusarium verticillioides strain jb111 372 100

ODL2 KM104589 Ascomycota sp. AR-2010 516 100

ODL3 KM104590 Colletotrichum sp. GM414 464 99

ODL4 KM104579 Ascomycota sp. 480 99

ODL5 KM104595 Colletotrichum sp. NK29 472 99

CCL1 KM104577 Dothideomycetes sp. P15E6 465 98

CCL2 KM104581 Fusarium proliferatum 420 98

CCL3 KM104593 Phoma sp. 544 98

MKS1 KM104584 Fusarium oxysporum isolate h13 386 99

Note: N/A indicated that cultures perished during study due to mite infection.

Fig. 4 Cultural characteristics of the five fungal endophytes with strong L-asparaginase activities, which include (A) PBS1

(Dothiodeomycetes sp.), (B) PBL13 (Penicillium simplicissimum), (C) ODL4 (Ascomycota sp.), (D) CCL1 (Dothideomycetes sp.) and (E)

MKS1 (Fusarium oxysporum).
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and stem of P. bleo, M. koenigii, C. citratus and O. diffusa,
hence the higher number of endophytes from leaves.

L-Asparaginase producing endophytes were detected from

the plate assay by the formation of pink zone around the col-
ony. The reaction of L-asparaginase that hydrolyzed L-aspara-
gine into ammonia increased the pH of the media which was in

turn detected by phenol red, a pH indicator. Isolates incapable
of expressing L-asparaginase enzymes have agar media which
remained yellow in color. The correlation coefficient (r) used

to explain the relationship between pink zone diameter and
asparaginase activity [33], revealed that there is no significant
relationship between both variables. This was also observed
in numerous other studies [33]. Therefore, plate assays are

often accompanied by quantitative assays using positive
isolates from initial plate assay to select isolates with most
potential for further studies.

Endophytes positive for L-asparaginase activity were pre-
dominantly of the genus Colletotrichum, followed by species
of Fusarium, Penicillium and Phoma [26]. This result could

be reflective of the endophyte diversity in the four plants tested
as the teleomorph and anamorph states of ascomycetes typi-
cally dominate endophyte populations especially in leaves

[27]. The genus Colletotrichum, can be found in many plants
including legumes, grasses, vegetables and medicinal plants
such as Justicia gendarussa and Taxus mairei [28]. Similarly,
endophytic species of Fusarium [29], Phoma and Penicillium,

are equally ubiquitous in distribution, in both tropical and
temperate climates [30]. Although literatures on diversity of
endophytes are available, documentation of their L-asparagi-

nase production is lacking. To date, Colletotrichum, Fusarium,
Penicillium and Phoma spp. are more well-known as producers
of a variety of bioactive compounds [27,28] such as alkaloids

and antibiotics [31]. Hence, from this study, we add L-aspara-
ginase production to the list, particularly for Fusarium
oxysporum (MKS1) and P. simplicissimum (PBL13) from the

Malaysian plants.
The L-asparaginase activities of endophytes from this study

were however, inferior to levels produced by some known
fungi of the Fusarium and Penicillium sp. For example,

L-asparaginase activities by a Fusarium sp. were 0.08–
3.14 unit mL�1 [32], while a Penicillium sp. can produce as
high as 3.75 unit mL�1 [33]. These levels were significantly

higher than the 0.013 and 0.019 lM�1 mL�1 min�1 produced
by MKS1 (F. oxysporum) and PBL13 (P. simplicissimum) in
this study, respectively. We presume the difference in amount

of L-asparaginase produced may be attributed to several fac-
tors, which include culture media used and the different species
of endophytes tested although of the same genus [32]. Never-
theless, this could only be further validated by performing wes-

tern blot analysis to determine the relative expression patterns
and characterization of L-asparaginase from fungal endo-
phytes in comparison to existing bacteria-derived L-asparagi-

nase [35]. The bioactivity of the L-asparaginases from various
endophytes against various cancer cell lines can also we further
tested to determine their application as anticancer agents [35].

Thus, we recommend these analyses for future explorations.
In our study, three endophytes were identified to only the

phylum (Ascomycota) and class level (Dothideomycetes), prob-

ably due to the non-specificity of the universal primers (ITS1
and ITS4) used. Consequently, the L-asparaginase activities
of ODL4 (Phylum Ascomycota), PBS1 (Class Dothideomyce-
tes) and CCL1 (Class Dothideomycetes) cannot be compared
with other studies. In future, this can be improved using
genus–species specific primers. We also observed that the per-
centage of endophytes with L-asparaginase production was

28% of the total number isolated, with 17%, 8%, 2% and
1% for P. bleo, O. diffusa, C. citratus and M. koenigii. This
percentage of L-asparaginase producing endophytes was higher

than the 18% recovered from the anticancer plant Ocimum
sanctum L. [34], but was relatively lower than the 35% recov-
ered from Thai medicinal plants (Adenanthera microsperma,

Betula alnoides, Cassia alata, Eupatorium odoratum, Hiptage
benghalensis, Houttuynia cordata and Stemona tuberosa) [8].
Clearly, the choice of host plants is important to increase the
chances of isolating more L-asparaginase producing

endophytes.

Conclusions

To conclude, Malaysian anticancer plants (P. bleo, M. koeni-
gii, C. citratus and O. diffusa) have shown potential to host
L-asparaginase producing endophytes. Of this, P. bleo hosted

the highest number of L-asparaginase producing endophytes,
mostly in leaf tissues than stem tissues. There is no correlation
between quantitative and qualitative estimation of asparagi-

nase activity. The endophytes with good activities were
ODL4 (Ascomycota), PBS1 (Dothideomycetes), PBL13 (P.
simplicissimum), CCL1 (Dothideomycetes) and MKS1 (F. oxy-

sporum), isolated from various host plants. These endophytes
can be cultured in the laboratory and L-asparaginase produced
can be harvested for development as anticancer compound.
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