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ABSTRACT

The effect of culture conditions on the production of
bioactive secondary metabolites by the endophytic
fungus Arthrinium state of Apiospora montagnei Sacc.
was investigated. Culture broths were partitioned
with ethyl acetate and the resulting extracts were
evaluated for antibacterial, antifungal, cytotoxic, and
antiparasitic activities. The highest levels of activities
were arisen from cultures cultivated at 30°C in modi-
fied Czapek medium. The best antimicrobial activity
against Escherichia coli and Pseudomonas aeruginosa
(MIC 90 pg/ml), and against Aspergillus fumigatus
(MIC 130 pg/ml) were found in extracts from cultures
grown in medium containing 3.1% (w/v) sucrose and
0.1% (w/v) sodium nitrate at pH 4.0 after 9 days of
incubation. Cultures grown in medium without modi-
fication also showed antiparasitic and antitumoral
activities after 9 days at pH 4.0, antifungal activity
against Candida albicans at pH 4.0 - 7.0 (MIC 140
pg/ml), but against A. fumigatus just after 27 days of
incubation. A specific bioactive compound may have
its production improved if the culture conditions pa-
rameters that affect or influence the production were
known, which in turn makes the purification process
easier.

Keywords: Arthrinium state of Apiospora montagnei
Sacc.; Antibacterial; Antifungal; Antitumoral; Antipara-
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1. INTRODUCTION

Endophytic fungi have been considered as possible use-
ful sources of natural products in the search for new and
innovative biologically active compounds [1-3]. They
produce a wide variety of chemical substances, many of
which show antibacterial, antifungal, cytotoxicity and an-
ticancer, anti-inflammatory, antioxidant, antiviral, anti-
insect, antiparasitic, antidiabetic and immunosuppressive

activities [4,5]. Most of the bioprospecting programs on
detection and isolation of bioactive compounds are based
on single culture condition to screening biological activi-
ties of many fungi. Nevertheless, microorganisms are
able to synthesize a great variety of secondary metabo-
lites according to their environment and the available nu-
tritional resources [6]. Studies using one fungus culti-
vated under different culture conditions are an interesting
strategy to discover its potentiality to synthesize different
bioactive secondary metabolites. Herein, the bioactive
secondary metabolites production was evaluated, when
the endophytic fungus Arthrinium state of Apiospora mon-
tagnei was cultivated, varying parameters like nutrients
and nutrient concentrations, pH, temperature, and incu-
bation periods.

2. MATERIALS AND METHODS

The endophytic fungus Arthrinium state of Apiospora
montagnei Sacc. (Arthrinium arundinis) collected from
thin roots of Smallanthus sonchifolius was isolated, iden-
tified and maintained as described by Ramos et al. [7].

2.1. Production of Secondary Metabolites

Secondary metabolites were produced by two-step cul-
tures. A suspension of spores and fungal mycelium were
inoculated in Erlenmeyer flask containing 200 ml of pre-
fermentative liquid medium [8] and incubated at 120 rpm
for 2 days at 30°C. Resulting mycelium was harvested,
rinsed with sterile distilled water, and transferred to 400
ml of Czapek liquid medium [9]. At this second step, the
effects of culture conditions (cultivation time, carbon and
nitrogen source, pH, temperature, and carbon/nitrogen
ratio) on the secondary metabolites with bioactivity were
examined. Parameters of culture conditions were changed
one by one. The mycelial mass obtained were separated
from the broth by filtration, the culture broths were ex-
tracted with ethyl acetate (3 x 200 ml) and dried in a
rotary evaporator. The extracts were examined for anti-
bacterial, antifungal and cytotoxic activities as well as in-
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hibition of enzymes from parasites.
2.2. Antimicrobial Assay

MIC of ethyl acetate extracts were determined by micro-
broth dilution assay on 96-well plates according to Clini-
cal and Laboratory Standards Institute (CLSI) documents
M7-A6 [10], M27-A2 [11] and M38-A [12]. Extracts
were dissolved in DMSO at 0.1% (v/v) and each well
contained 50 pl or 100 pl of extracts diluted two-fold
serially in Mueller Hinton Broth or RPMI 1640. In each
well, 50 ul of the diluted suspension of Staphylococcus
aureus ATCC 25923, Kocuria rhizophila ATCC 9341,
Pseudomonas aeruginosa ATCC 27853, Escherichia coli
ATCC 25922 was inoculated at final concentrations of 5
x 10° CFU/ml or Candida albicans ATCC 1023 at 2.5 x
10° CFU/ml. To Aspergillus fumigatus assays, 100 pl of
crude extract plus 100 pl of fungus suspension contain-
ing 5 x 10* CFU/ml was used. After incubation at 35°C
for 24 h (bacteria and C. albicans) and 48 h (A. fumi-
gatus) the MIC was determined. DMSO at 0.1% (v/v)
was used to negative control of solvent activity. Peni-
cillin G was used for positive control to S. aureus (MIC
0.046 pg/ml) and K. rhizophila (MIC 0.011 pg/ml), stre-
ptomycin sulfate was used to E. coli (MIC 0.023 pg/ml)
and P. aeruginosa (MIC 0.023 pg/ml), miconazole was
used to C. albicans (MIC 0.36 pg/ml) and A. fumigatus
(MIC 0.73 pg/ml).

2.3. Morphological Alteration Assay

Morphological alterations on A. fumigatus vegetative hy-
phae grown on PDB medium and incubated at 30°C were
analyzed. A spore suspension (1.3 x 10 CFU/ml) was
inoculated into each well of 96-well plates containing
100 ul of extracts two-fold and serially diluted. Plates
were incubated for 6, 12, 18, or 24 h, after which the
cultures were observed under a Zeiss stereomicroscope.

2.4. Antiparasitic Assays

Antiparasitic activity was analyzed by the enzymatic
inhibition of gGAPDH of Trypanosoma cruzi and APRT
of Leishmania tarentolae. Both enzymes were recom-
binants obtained in an E. coli expression [13,14]. The
gGAPDH assay was performed according to Barbosa and
Nakano [15]. Briefly, the reaction mixture contained 50
mmol/l Tris-HCl pH 8.6, buffer with 1 mmol/l EDTA
and 1 mmol/l B-mercapto-ethanol, 30 mmol/l Na,HAsO,,
2.5 mmol/l NAD", 0.3 mmol/l glyceraldehyde-3-pho-
sphate and 1.5 pg protein, in a total volume of 1 ml. The
reaction was initiated by the addition of enzyme, NADH
that was formed was evaluated at 340 nm at 30 s in-
tervals. APRT activity was determined by spectro-pho-
tometric measurements of AMP resultant at 259 nm after
60 s [16]. The reaction mixture contained 100 mmol/l
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Tris-HCI, pH 7.4, 5 mmol/l MgCl,, 100 mmol/l adenine,
560 mmol/l phosphoribosyl pyrophosphate, and 7.5 ug
APRT, in a total volume of 1 ml. Extracts were evaluated
at a concentration of 100 pg/ml (gGAPDH) or 50 pg/ml
(APRT). All the measurements were carried out in
triplicate. Negative controls with 1% DMSO were used.

2.5. Cytotoxicity Assay

The cytotoxicity of the fungal extracts was performed
using the MTT assay [17]. Briefly, 3 tumor cell lines were
used, HCT-8 (colon), MDA-MB-435 (breast), and SF295
(brain) cells (1 x 10° cells/well or 0.5 x 10> cells/well)
were incubated in 96-well plates during 24 h and treated
with 200 pg/ml of extracts for 72 h. Then, the medium
was removed, and 100 pl of MTT reagent (0.5 mg/ml)
was added. After another 3 h, MTT was removed, and
150 ul of DMSO was added. Absorbance was measured
using a plate reader (Spectra Count, Packard, Ont., Cana-
da), drug effect was quantified as the percentage of con-
trol absorbance of reduced dye at 595 nm.

3. RESULTS

3.1. Effect of Different Culture Conditions on the
Production of Bioactive Substances

3.1.1. Incubation Time

The effect of incubation time on bioactivity synthesis is
shown in Tables 1 and 2. Antibacterial activity, espe-
cially against E. coli (MIC 110 pg/ml) was detected in
the extract from fungus cultivated for 9 days. On the
other hand, antifungal activity against C. albicans (MIC
240 pg/ml) was present in the fungal extracts after 15"
and 18" days of incubation. After 21*, 24", and 27" days
of incubation, the antifungal activity was just against A.
fumigatus. The extract obtained on 27" day of incubation
presented strong cytotoxic activity against the tumor cell
line HCT-8 and moderate activity against SF295. The
18-day extract, which showed low level of antimicrobial
activity, was strongly active against ever tumor cell line
tested, and moderately active against APRT.

3.1.2. Carbon and Nitrogen Sources

Extracts obtained from cultures supplemented with su-
crose provided the best levels of antimicrobial activity,
enzymatic inhibition of gGAPDH and APRT, and cyto-
toxic activity, except for HCT-8 cell line, whose extracts
from maltose cultures showed more cytotoxic activity
than with sucrose (Tables 3 and 4). No activities were
detected in extracts from cultures supplemented with
sucrose for 9 days of incubation and supplemented with
different nitrogen sources, (NHy4),SO4, NH4NO3, proline,
or casamino acids (data not shown). Bioactivities were
presented only in cultures supplemented with sodium
nitrate. The carbon and nitrogen ratio was also evaluated,
after the establishment of the ideal pH and temperature.
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Table 1. Effect of incubation periods on antimicrobial metabolites production.

Antimicrobial activity (pg/ml)

Extracts”
P. aeruginosa E. coli S. aureus K. rhizophila C. albicans A. fumigatus
6 - 130 - - - -
9 - 110 - - - -
12 - 120 - - - -
15 240 120 - - 240 -
18 240 - 350 - 240 -
21 - - - - - 200
24 - - - - - 160
27 - - - - - 130

"Extracts obt*ained from cultures grown in standard medium without modification (3.0% of sucrose, 0.2% of sodium nitrate, at pH 5.0, 30°C) at different incu-
bation time. (-) absence of activity.

Table 2. Effect of incubation periods on cytotoxic and antiparasitic metabolites production.

Extracts’ Enzymatic inhibition (%) Cytotoxic activity (%)
2¢GAPDH (100 pg/l) APRT (50 pg/ml) HCT-8 MDA-MB-435 SF295
3 NT™ NT 7.96 12.75 2.20
6 10.74 4823 57.12 32.26 1.71
5.69 41.30 12.81 472
12 NT NT NT NT NT
15 8.61 55.01 NT NT NT
18 497 48.95 95.69 88.53 96.03
21 3.51 33.65 - 7.02 -
24 NT NT 9.38 12.55 24.82
27 11 33.07 76.46 31.98 51.26

"Extracts obtained from cultures grown in standard medium without modification (3.0% of sucrose, 0.2% of sodium nitrate, at pH 5.0, 30°C) at different incubation
time. (-) absence of activity. (NT) not tested.

Table 3. Effect of carbon source on antimicrobial metabolites production.

Antimicrobial activity (ng/ml)

Extracts’
P. aeruginosa E. coli S. aureus K. rhizophila C. albicans A. fumigatus
Glucose . - - - - .
Galactose - - - 240 - -
Maltose - 240 - - - -
Sucrose - 110 - - - -

*Extracts obtained from cultures grown in medium with 3.0% of different carbon source, 0.2% of sodium nitrate, 9-days culture incubation at pH 5.0, 30°C. ** ( - )
absence of activity.

Table 4. Effect of carbon source on cytotoxic and antiparasitic metabolites production.

Extracts” Enzymatic inhibition (%) Cytotoxic activity (%)
gGAPDH (100 pg/mL)  APRT (50 pg/mL) HCT-8 MDA-MB-435 SF295
Glucose - 11.99 9.33 -
Galactose 4.26 31.79 46.65 31.95 21.95
Maltose 7.79 41.94 97.11 47.08 21.75
Sucrose 5.69 41.30 - 12.81 4.72

"Extracts obtained from cultures grown in medium with 3.0% of different carbon source, 0.2% of sodium nitrate, 9-days culture incubation at pH 5.0, 30°C. "'(-)
absence of activity.
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Table 5 shows that while antimicrobial activity against
E. coli (MIC 90 pg/ml), P. aeruginosa (MIC 90 pg/ml),
and A. fumigatus (MIC 130 pg/ml) increased when the
fungus was incubated in culture medium containing
3.1% of sucrose and 0.1% of sodium nitrate, antifungal
activity against C. albicans (MIC 250 pg/ml) and en-
zymatic inhibition of APRT activity (45.67% of inhi-
bition) decreased. Fungus cultures grown in medium
without nitrogen source and high levels of carbon source,
as well as low levels of carbon source and high levels of
nitrogen source, showed no activities detected in their
extracts.

3.1.3. pH
When the fungus was incubated at pH 4.0, the level of
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antibacterial activity was increased (Table 6). No anti-
bacterial activity was found in extracts obtained from
cultures at pH 3.0 and pH 7.0. Antifungal activity as well
as enzymatic inhibition of APRT, and cytotoxic activity
against tumor cell lines was found in extracts of every
pH value evaluated, except for pH 5.0 (Tables 6 and 7).

3.1.4. Temperature

Antimicrobial activity was just obtained when the fungus
was incubated at 30°C, except for antifungal activity against
C. albicans (Table 8). Enzymatic inhibition of APRT
activity was not affected by incubation temperature.
Strong cytotoxic activity against tumor cell lines was
found in extracts of cultures incubated at 25°C and 30°C
(Table 9).

Table 5. Effect of carbon/nitrogen ratio on bioactivities metabolites production.

Antimicrobial activity (rg/ml)

Enzymatic inhibition (%)

Fxtracts P. aeruginosa E. coli C. albicans A. fumigatus ¢GAPDH (100 pg/mL) APRT (50 pg/mL)
3.2/0 - - - NT™ NT

3.1/0.1 90 90 250 130 11.57 45.67
3.0/0.2 240 110 140 200 18.39 66.41
2.8/0.4 - 280 140 200 12.50 54.25
2.6/0.6 - - - - NT NT

2.4/0.8 - - - - NT NT

"Extracts obtained from cultures in medium with different ratio (%) of sucrose and sodium nitrate at pH 4.0, 9-days culture incubation at 30°C. **(—) absence of

activity. ***(NT) not tested.

Table 6. Effect of pH on antimicrobial metabolites production.

Antimicrobial activity (png/ml)

Extracts”
P. aeruginosa E. coli C. albicans A. fumigatus
3.0 - 260 260
4.0 240 110 140 200
5.0 - 110 - -
6.0 - 280 140 200
7.0 - - 140 220

*Extracts obtained from cultures grown in medium with 3.0% of sucrose, 0.2% of sodium nitrate, at different values of pH for 9-days culture incubation at 30°C.

**(-) absence of activity.

Table 7. Effect of pH on cytotoxic and antiparasitic metabolites production.

Enzymatic inhibition (%)

Cytotoxic activity (%)

Extracts”
¢GAPDH (100 pg/ml) APRT (50 pg/ml) HCT-8 MDA-MB-435 SF295
3.0 9.59 61.81 92.90 82.79 88.28
4.0 18.39 66.41 100 100 100
5.0 5.69 41.30 12.81 4.72
6.0 10.01 45 91.38 91.01 92.97
7.0 3.10 52.22 100 95.34 100

“Extracts obtained from cultures grown in medium with 3.0% of sucrose, 0.2% of sodium nitrate, at different values of pH for 9-days culture incubation at 30°C.

"(-) absence of activity.

Copyright © 2011 SciRes.
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Table 8. Effect of incubation temperature on antimicrobial metabolites production.

Antimicrobial activity (ug/ml)

Extracts”
P. aeruginosa E. coli C. albicans A. fumigatus
25 - 180 -
30 240 110 140 200
35 - - - -

"Extracts obtained from cultures grown in medium with 3.0% of sucrose, 0.2% of sodium nitrate, pH 4.0, 9-days culture incubation at 25°C, 30°C and 35°C. **(—)

absence of activity.

Table 9. Effect of incubation temperature on cytotoxic and antiparasitic metabolites production.

Enzymatic inhibition (%)

Cytotoxic activity (%)

Fxtracts gGAPDH (100 ug/ml) ~ APRT (50 pg/ml) HCT-8 MDA-MB-435 SF295
25 4.13 63.72 96.06 95.64 95.18
30 18.39 66.41 100 100 100
35 10.30 56.59 39.43 15.79 18

"Extracts obtained from cultures grown in medium with 3.0% of sucrose, 0.2% of sodium nitrate, pH 4.0, 9-days culture incubation at 25°C, 30°C and 35°C.

3.2. Morphological Alteration

None of the extracts that presented antifungal activity
showed capacity to produce morphological alterations on
A. fumigatus (data not shown).

4. DISCUSSION

According to Cabello et al. [18], Arthrinium state of
Apiospora montagnei Sacc. produces arundifungin, an
antifungal of glucan synthesis inhibitor. This class of an-
tifungals is known to alter the morphology of filamen-
tous fungi. This compound was not produced by the en-
dophytic strain isolated from S. sonchifolius when cul-
tivated at the described conditions. Many bioactivities
are being found in extracts of Arthrinium state of Apio-
spora montagnei Sacc. as cytotoxic [19], proteasome in-
hibitors [20] and antimicrobial [21]. Up to the present, no
data on antiparasitic activity produced by Arthrinium
state of Apiospora montagnei Sacc. has been reported.
Although, crude extracts of endophytic Arthrinium strains
isolated from leaves of bioactive Brazilian plant species
Palicourea tetraphylla, Piptadenia adiantoides and Trixis
vauthieri, showed cytotoxic against human cancer cells,
trypanocidal and leishmanicidal activities [22].

In fungi, the biosynthesis of secondary metabolites is
regulated in response to nutrient availability, or as a
result of changes in the environment, and its stage of de-
velopment [23]. Many carbon and nitrogen substrates
can inhibit secondary metabolite production. High con-
centrations of glucose, phosphate, and ammonium are
repressors of secondary metabolism, and the carbon/
nitrogen ratio can affect the type and yield of metabolite
synthesis [24]. Here, the period of incubation, pH values,
and temperature were the parameters, which mostly
affected the production of bioactive secondary meta-

Copyright © 2011 SciRes.

bolites. The effect of incubation time on antibacterial,
antiparasitic and antitumoral activities indicated a se-
quential synthesis of secondary metabolites. Antifungal
and antitumoral activities were detected at different pH
values. It is known that secondary metabolites pro-
duction is controlled by global transcription factors enco-
ded by the genes responsive to environmental cues. Miao
et al. [24] suggested that the two optimal pH levels (4.5
and 7.5) on bioactive metabolites production by Arthri-
nium c.f. saccharicola, might be due to different com-
pound synthesis at these pH. Here, this factor might be
responsible for the results detected for antifungal and
antitumoral activities but not at the pH 5.0, probably be-
cause this is a value of pH more propitious to fungal
grow than to synthesize secondary metabolites.

Different population of fungi species, genetically and
metabolically diverse, from different habitats results in
variation among secondary metabolites production [25,
26]. Thus, bioactivities reported here may be due to other
substances produced by the endophytic fungus Arthri-
nium state of Apiospora montagnei Sacc. than those re-
ported before. Studies using one single fungus cultivated
under different culture conditions are not only suitable to
produce different compounds, but also provide condi-
tions to guide the production of a specific compound and
become easier for the purification process.
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