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Abstract

A reduction in the use of agrochemicals requires the development of either alternatives or complementary control methods in
order to limit their dangerousness. An alternative is the biological control of fungi by bacteria. The fungal cell wall is a unique
structure of the fungi, composed of glucan, chitin, and glycoproteins. Therefore, bacteria producing mycolytic enzymes, like
chitinases, are of great interest to degrade fungal cell-wall components. The objectives of this work were to isolate chitinolytic
bacteria from the guano of insectivorous bats (Tadarida brasiliensis) and to verify the presence of antifungal activities against
phytopathogenic fungi. From the guano samples, 28 bacterial isolates were obtained, 70% of which presented chitinolytic
activity. Four isolates were selected since they showed the highest values of chitinase activity, and they were characterized
as belonging to Bacillus genus, by analyzing the 16S ribosomal RNA gene sequence. Cell-free supernatants of bacterial
cultures were used in inhibition tests on 16 fungi: Alternaria and Colletotrichum acutatum were the most affected. Chitinase
and antifungal activities were observed in the cell-free supernatant regardless of the culture medium used. Both activities
were stable to heat and proteinase K treatments. Finally, when the culture medium was supplemented with 1 ml of cell-free
supernatants (0.33%) and incubated for 120 h, the inhibition of hyphae formation and germination spores of reporter fungus
were observed under light microscopy. These results suggest the feasibility of using cell-free supernatants as eco-friendly
fungicides. The use of them may contribute to reducing the dose of toxic chemicals.

Introduction

In global agriculture, many microbial diseases are respon-
sible for the deterioration of fruits, leaves, stems, and roots,
and they are caused by invasive phytopathogenic fungi.
More than 8000 fungal species are known to cause diseases
in plants. The damage impacts on both economic and bio-
logical production since the growth and development of the
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host plants could be strongly affected. It is estimated that
fungi cause losses of 5-25% in developed countries and of
20-50% in emerging countries [1].

At present, agricultural production depends mainly on
chemical inputs such as fertilizers, pesticides, and herbi-
cides. Excessive use and misuse of these chemicals have
caused food contamination, weed and disease resistance,
and negative environmental outcomes with a serious impact
on human health. The application of these chemical inputs
causes the accumulation of toxic compounds in the soil,
harming the health of the environment in the long term [2].
To control phytopathogenic fungi, different strategies have
been used, and some of them involve utilizing resistant plant
varieties, planting transgenic seeds on suitable dates, or/and
applying agrochemicals.

Since the 1940s, pest management in agricultural coun-
tries has been based mainly on the use of synthetic pesticides.
About 2.3 billion kg of pesticides are used annually worldwide
[Atwood and Paisley-Jones 2017 cited by 3]. The excessive
use of these chemicals is accompanied by growing general
concern and consumer awareness of the adverse impact of pes-
ticides on the environment and animal and human health [3, 4].
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Although the use of agrochemicals increases short-term crop
profitability, it causes long-term environmental harm. Further-
more, their use gives rise to increasingly resistant phytopatho-
genic strains, which requires a higher dosage of agrochemicals
as well as the search for new, more potent substances. These
practices also impair the sustainable functioning of ecosystems
because they eliminate beneficial soil organisms [5, 6].

In addition to their harmful effects on the soil, most
agrochemicals are known to pose risks to human health.
In particular, they cause skin and eye damage and may
harm internal organs such as the lungs. Moreover, some of
them are considered carcinogens by different international
health organizations [7]. The reduction in agrochemical use
requires the development of either alternatives or comple-
mentary control methods in order to limit its dangerousness.
An interesting alternative to agrochemicals is the use of liv-
ing organisms or products derived from them. This strategy,
known as biological control or biocontrol, has been increas-
ingly assessed as an environment-friendly methodology.
One of the biocontrol approaches involves microorganisms
producing mycolytic enzymes, often from bacterial sources
(chitinases, glucanases), which are of great interest since
they could degrade fungal cell-wall components. The fun-
gal cell wall is a structure with high plasticity that protects
the cells from different types of environmental stress. The
structure of the fungal cell wall is unique to the fungi, and it
is composed of glucan, chitin, and glycoproteins [8, 9]. Since
humans lack the fungi cell-wall components, this structure
is an excellent target for the development of antifungal sub-
stances that would not pose risks to humans.

Taking into account the great microbial and environmen-
tal diversity, the isolation of microorganisms in habitats that
act as selection pressure and favor the expression of these
enzymes is considered important since it will make it pos-
sible to find more competent microorganisms in relation
to the desired characteristics. Whitaker et al. (2004) were
the first to inform the presence of chitinolytic bacteria in
the insectivorous bat guts, suggesting that these symbiotic
bacteria help bats to digest their insect prey chitin [10]. For
this reason, the aim of this work was to isolate chitinolytic
bacteria from the guano of insectivorous bats to verify the
presence of antifungal activities against phytopathogenic
fungi of important crops. Also, this work attempted to elu-
cidate whether there is a relationship between chitinolytic
and antifungal activities.

Materials and Methods
Sampling Site and Bacterial Isolation

A total of three guano samples were aseptically collected
from different areas inside Escaba dam vaults. Escaba dam is
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located in Juan Bautista Alberdi department, about 127 km
southwest of San Miguel de Tucuman city (Argentina), at
an altitude of 630 m.a.s.l. Samples were transported in ster-
ile plastic bags and kept at 4 °C until use. Samples were
aseptically homogenized; 1 g of each one was suspended
in 50 ml of sterile distilled water and incubated at 30 °C
with constant shaking at 200 rpm for 24 h. Then, the diluted
samples were plated on standard nutrient (SN) agar (g L™!):
NaCl, 6; Peptone, 15; yeast extract, 3; glucose, 1. After 72 h
at 30 °C, well-isolated colonies were transferred to fresh
plates to obtain pure cultures, which were maintained on SN
agar slants and preserved at 4 °C. Also, their corresponding
parallel duplicates were lyophilized.

Isolation of Chitinase-Producing Bacteria

For the isolation of chitinase-producing bacteria, SPI agar
medium was used [11]. SPI agar was supplemented with
colloidal chitin 0.5 (w/v) as sole carbon and energy source
and labeled CC-SPI. Colloidal chitin was prepared from
commercial chitin (Sigma Chemicals Co.) according to Hsu
and Lockwood’s (1975) with minimal modifications [12]. In
brief, chitin powder (10 g) was slowly added to 150 mL of
concentrated HCI and kept for 60 min at 30 °C with vigorous
stirring. The chitin colloidal suspension from the precipi-
tate was then obtained by slowly adding 400 mL of water
at 4-10 °C. The suspension was collected by filtration with
suction on a paper filter and washed by suspending it in
about 5 L of sterile distilled water until the neutral pH was
reached.

Inoculum Preparation

Inoculum suspensions were obtained from the culture of
microorganisms grown in SN liquid after 24 h incubation
at 30 °C and 200 rpm. The cells were collected by centrifu-
gation at 9000xg at 4 °C and washed with a sterile saline
buffer. Finally, when microorganisms presented unicellular
growth, the cell suspensions were adjusted to the turbidity
of 2 McFarland standard with a sterile physiological solu-
tion (DOgyy ,my = 1). When microorganisms showed mycelial
growth, a 2 mm diameter pellet was used.

Chitinolytic Activity

Qualitative and Semiquantitative Analysis of Chitinolytic
Activity

The screening of chitinase-producing bacteria or qualitative
assay was performed by inoculating 10 pl of each bacterial
inoculum onto CC-SPI agar medium at 30 °C to evaluate
the appearance of clear zones on the opaque matrix. A semi-
quantitative analysis of chitinase production was performed
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by seeding selected isolates onto CC-SPI plates with pH
adjusted to 5.0, 7.0, or 9.0 with buffer solutions. Plates
were incubated at 10, 20, 30, or 37 °C for eight days, and
the following criteria were considered to further select the
best producing isolates: growth and hydrolysis capacity of
chitin. Growth was assessed by considering the diameter
of the colonies measured in mm, whereas chitin hydrolysis
capacity was estimated by measuring the distance between
the outer edge of the colony and the outer edge of the clear
hydrolysis zone or halo, in mm. Then, a hydrolysis factor
(HF) was defined as:

HF = THH
TS

where THH (total halo hydrolysis) is the distance from the
outer edge of the colony to the outer edge of the hydrolysis
halo (HH) multiplied by 2, while total size (TS) is the diam-
eter of the colony plus THH (Fig. 1).

Quantitative Analysis of Chitinase Activity

Based on the HF results, the bacteria with the highest chi-
tinase activity were selected to carry out the quantitative
analysis. They were grown in three different culture media.
Two of them contained chitin as the sole carbon source: CC-
SPI and P-SPI. CC-SPI was prepared as mentioned above
(Section see “Isolation of chitinase-producing bacteria”),
while P-SPI was prepared by adding 100 mL of SPI 10 X
to 900 ml of distilled water. Then, 10 g of fine powder of
pupae (Drosophila melanogaster) crushed with mortar was
added and sterilized by autoclaving. The powder of pupae
was kindly provided by Dr. Obrutski. The third SN is a
complex medium without chitin. These experiments were
conducted to investigate whether the expression of chitinase
activity needs chitin as an inductor and whether it would be
possible to use an inexpensive and easier alternative to the
commercial chitin.

Every 48 h for 8 days, 10 mL samples of the cultures were
centrifuged at 10,000xg for 15 min at 4 °C, and the cell-free
supernatants were used for chitinase activity assays, follow-
ing the method of Yanai et al. (1992) [13]. The reaction mix-
ture consisted of 250 ul of 0.5% colloidal chitin, 250 ul of

Colony

U

Fig.1 Scheme of hydrolysis factor

Hydrolisis halo

0.05 M potassium phosphate buffer (pH 7.0), and 500 ul of
cell-free supernatant. The reaction mixture was incubated for
2 h at 37 °C, and after centrifugation at 4000xg for 2 min,
500 pl supernatant was mixed with 100 ul of 0.8 M boric
acid. The pH of this mixed solution was adjusted to 10.2
with KOH. Next, the solution was heated for 3 min in boil-
ing water. The mixture was cooled, and 3 ml of p-dimethyl
aminobenzaldehyde (DMAB) (1 g of DMAB dissolved in
100 ml of glacial acetic acid containing 1% 6 N V/V hydro-
chloric acid) was added. Finally, the mixture was incubated
for 20 min at 37 °C, and absorbance at 585 nm was measured
against water as blank.

The results were expressed in units of chitinase activity:
1 milli Unit (mU) was defined as 1 umol of N-Acetyl glu-
cosamine released from colloidal chitin per minute. Specific
chitinase activity was expressed per gram of protein (mUE)
and total protein concentration was determined according
to Bradford (1976) using bovine serum albumin as standard
[14].

16S rRNA Gene Sequence Analysis

Total genomic DNA was extracted according to Martinez
et al. 2002 [15], and PCR amplifications were performed
in 25 pl reaction volume using 9700 Perkin-Elmer Thermal
Cycler (Applied Biosystems, Foster City, CA, USA). Small
subunit ribosomal genes sequences were amplified with the
universal primers 27F (5'-AGA GTT TGA TCM TGG CTC
AG-3') and 1492R (5'-GGT TAC CTT GTT ACG ACT
T-3") using the following conditions: initial denaturation at
94 °C for 3 min; followed by 35 cycles of denaturation at
94 °C for 30 s; annealing at 58 °C for 30 s; and extension
at 72 °C for 30 s. The final DNA concentration in the PCR
products was made using Epoch (Biotek), and the integrity
of the samples was evaluated through gel electrophoresis of
1.5% Agarose. The amplicons obtained were purified and
sequenced by Macrogen Inc. (Seoul, Korea). The 16S rRNA
gene sequences obtained from the selected isolates were
edited with Mega 7. A comparison of these sequences with
partial 16S rRNA gene sequences published in the GenBank
was performed using the BLAST tool from the National
Center for Biotechnology Information (NCBI) (http//: www.
ncbi.nlm.nih.gov) to search for similar sequences in public
databases.

In Vitro Antifungal Activity

The cell-free supernatants of selected chitinase-producing
bacteria were assayed to evaluate their antifungal activity
against 16 phytopathogenic fungi (Table 3). These fungi
were plated onto potato dextrose agar (PDA) by spreading a
volume (100 L) inoculum. Then, 6 mm diameter holes were
punched aseptically, filled with 100 pl of sterile cell-free
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supernatants from chitinolytic bacteria, and incubated at
30 °C for 120 h. The antifungal activity was assessed by
measuring (in mm) the fungal growth inhibition halo around
the hole.

Effect of Heat and Proteinase K Treatment
on Chitinase and Antifungal Activities

Aliquots of cell-free supernatants from the strains that
showed chitinolytic and antifungal activities were subjected
to thermal treatments at 50 °C and 100 °C for 60 min, while
those supernatants incubated at 30 °C were used as refer-
ence. Replica aliquots were also processed with proteinase
K for 60 min at 60 °C. After all treatments, the samples
were used for measuring chitinase activity as described (Sec-
tion see “Qualitative semiquantitative analysis of chitino-
lytic activity”). To evaluate the fungal growth inhibition,
the treated supernatants were also used for performing the
fungal growth inhibition assay on plate, using as reporter the
most sensitive fungus according to the results in Section see
“In vitro antifungal activity”. The methodology and criteria
were the same as those used in the test (Section see “In vitro
antifungal activity™).

Morphological Changes in Fungi Treated With
Cell-Free Bacterial Supernatant

The cell-free supernatants obtained from cultures in SN
medium after 120 h growth were used as antifungal. The
cultivation conditions were those described in Section see
“In vitro antifungal activity”. The reporter fungus was inoc-
ulated into 300 mL of PD (potato dextrose) liquid medium
in duplicate. One of the cultures was used as a control by
adding 1 mL of sterile SN medium, and the second one was
supplemented with 1 mL of cell-free bacterial supernatant
corresponding to a solution of 0.33% of the supernatant. The
cultures were incubated at 30 °C and 200 rpm for eight days;
aliquots were sampled every 48 h for macro and microscopic
(500 x) evaluations.

Results

Sampling Site and Screening
for Chitinase-Producing Bacteria

Samples were collected from bat guano deposits located in
one of the nine Escaba dam vaults. The samples presented
pH 7.0 and had a solid state with loose and disaggregated
material composed mainly of insect remains.

A total of 28 morphologically different bacteria were
isolated from guano samples. The isolated bacteria were
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labeled with a letter followed by a serial number. All of
them were able to grow on plates with colloidal chitin as
the only carbon source. However, only 20 isolates showed
colonies surrounded by clear zones on CC-SPI plates after
72 h of incubation, indicating chitinase activity. These iso-
lates were selected for further studies.

Semiquantitative Analysis of Chitinolytic Activity

To select the best conditions for microbial growth and
chitin hydrolysis capacity, the semiquantitative assay was
used at the three different pH and temperatures already
mentioned. Tables 1 and 2 show the average results of
three independent tests of the 20 isolates. Neither the
isolates at pH 5.0 and at different temperatures nor those
at 10 °C and at the different pH combinations presented
growth and hydrolysis of chitin capacity, and therefore
these results were not included in the tables.

Notably, the growth on CC-SPI agar was slow for all
the isolates studied, showing signs of development after
48 h of incubation in some isolates and after 72 h in oth-
ers. The growth was measured every 24 h for eight days.
The colony diameter measured in mm was used to evaluate
the growth of each bacterial isolate. The growth values
found on day seven were the highest, and after that, no
significant increase in growth was observed. As shown in
Table 1, the highest growth was obtained at 37 °C at both
pH 7.0 and pH 9.0.

Regarding chitin hydrolysis capacity, the distance in
millimeters between the outer edge of the colony and the
outer edge of the hydrolysis zone (halo) was considered.
Only 40% of the isolates at pH 7.0 and 9.0 showed halo
at 20 °C. In the remaining conditions, the isolates showed
the highest hydrolysis capacity values and were similar
among them. However, isolates A6 and A10 decreased
their hydrolysis capacity at pH 9.0 at 37 °C and isolate A8
showed greater activity at pH 7.0 than at pH 9.0, regard-
less of the temperature.

Considering the two criteria used for this test, it was
noted that, while the best temperature conditions for the
growth of most of the isolates were observed at 37 °C,
the best conditions in terms of hydrolysis capacity were
similar at 30 °C and 37 °C. Based on these results, it was
decided to use pH 7.0 and 30 °C in the subsequent tests,
because it is a more convenient condition for laboratory
work.

To select microorganisms with the best growth and chi-
tinolytic capacity, a hydrolysis factor (HF) was estimated
(Fig. 2). Accordingly, isolate A14 was the microorganism
that presented the highest HF, followed by A8, A9, B2,
B6, A6, A12, B3, and B4, which were selected for further
studies.
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Table 1. Average g.rowth of pH 70 9.0

the 20 isolates at different pH

and temperature conditions Temperature 20°C 30°C 37°C 20°C 30°C 37°C

corresponding to the seventh )

day of incubation expressed in Bacteria

mm A4 220.1 502 6203 2+0.12 5+0.1 6+0.3
A5 2+0.12 6+0.3 6.5+0.22 22+0.1 6+0.3 6+0.2
A6 2+0.12 35+0.2 5+0.3 2+0.1 4+0.1 5+0.2
A7 1.1+0.1 6+0.2 7+0.4 1+0.1 55+0.25 6.5+0.15
A8 1.5+0.1 3.7+£0.2 5+0.2 1.5+0.1 42+0.1 5+0.2
A9 1.2+£0.12 3+0.15 5+0.22 1.3+£0.15 3+0.1 5+03
Al10 2+0.17 5+0.2 7+0.33 22+0.12 5+0.31 6.5+0.27
All 1.7+£0.12 5+0.22 7+0.31 1.7£0.1 5+0.22 75+04
Al12 22+0.12 5.5+0.21 7.5+£0.28 2.5+0.21 55+0.2 7+0.3
Al3 2+0.18 53+02 7+0.25 2+0.12 5+0.1 7+0.23
Al4 1+0.12 2.8+0.14 5+03 2+0.18 3+0.1 6+0.3
AlS 22+0.1 4+0.3 5+0.22 - 3+0.15 5+0.17
B1 2+0.12 3.5+0.15 55+16 2.2+0.1 3+0.1 6+0.22
B2 2.2+0.1 5.5+£0.25 6.5+0.36 25+0.1 5+0.18 5+0.3
B3 1+0.1 35+0.17 5+0.3 1.7£0.13 3+0.1 45+03
B4 1+0.16 35+0.26 5+0.3 1.5+£0.12 35+0.2 6+0.23
B5 2+0.1 5+0.08 6+0.3 2+0.1 5+0.27 6.5+0.22
B6 1+0.13 3.6+0.2 4+0.26 1+0.08 3+0.28 3+0.1
GE 3+0.1 8+0.32 10+0.42 2+0.1 9+0.33 7+0.25
L5 4+0.2 7+0.25 8+0.3 - 6+0.27 7+0.3

Table% Semig}lantitgtivc . pH 70 9.0

analysis of chitinolytic activity

at different pH and temperature Temperature 20 °C 30 °C 37°C 20 °C 30°C 37°C

of the 20 isolates expressed in .

mm Bacteria
A4 1+0.1 2+0.15 2+0.11 1+0.07 2+0.2 2+0.17
A5 0 1+0.1 1+0.12 0 1+0.12 1+0.1
A6 1+0.11 3+0.16 3+0.18 2+0.2 3+0.26 2+0.12
A7 0 1+0.14 1+0.14 0 1+0.12 1+0.14
A8 1+0.05 5+0.18 5+0.2 1+0.1 4+0.18 4+0.2
A9 1+0.04 4+0.17 4+0.2 1+0.1 4+0.3 4+0.33
AlO 1+0.1 2+0.18 2+0.17 1+0.1 2+0.1 1+0.15
All 1+0.05 2+0.13 2+0.15 1+0.08 2+0.2 2+0.18
Al2 1+0.02 3+0.23 3+0.22 1+0.1 2+0.1 3+0.13
Al3 0 1+0.08 1+0.1 0 1+0.07 1+0.05
Al4 4+0.2 6+0.18 6+0.2 4+0.17 6+0.2 6+0.2
AlS 0 1+0.07 1+0.1 0 1+0.08 1+0.05
Bl 0 1+0.12 1+0.1 0 1+0.1 1+£0.17
B2 1 3+0.17 2+0.14 0 3+0.2 2+0.16
B3 0 2+0.2 2+0.18 0 2+0.22 2+0.2
B4 0 2+0.16 2+0.2 0 2+0.2 2+0.18
B5 0 1+0.1 1+0.14 0 1+0.11 1+0.08
B6 0 2+0.2 2+0.18 0 2+0.2 2+0.21
GE 0 1+0.05 1+0.12 0 1+0.1 1+0.12
L5 0 1+0.08 1+0.14 0 1+0.13 1+0.16
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Fig.2 Hydrolysis factor of the 20 isolates grown on CC-SPI after
72 h incubation

70
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50 T

Specific chitinolytic activity

A6 A8 A9 A12 A14 B2 B3 B4 B6

Isolates

Fig.3 Specific chitinolytic activity of nine isolates in three culture
media, CC-SPI (R); SN (O); P-SPI (W) after 168 h (7th day) incuba-
tion

Quantitative Chitinolytic Activity

Cell-free supernatants from nine selected isolates grown in
CC-SPI, P-SPI, and SN were assayed for chitinase activity
(Fig. 3). All culture media were suitable for extracellular
chitinase production for most of the isolates evaluated,
except for B6, which did not show enzyme activity in SN
medium, suggesting that the enzyme production would be
substrate-dependent for this isolate. Remarkably, most of
the cell-free supernatants obtained from SN media dis-
played higher activity values than those from the chitin-
containing medium (CC-SPI), whereas the samples from
P-SPI medium presented the lowest values. The cell-free
supernatants retrieved from A9, B2, and B3 isolates pro-
duced similar chitinase activity in all the media tested. As
a result, isolates A8, A9, A14, and B2 were selected for
further characterization since they presented the highest
chitinolytic activity.

@ Springer

Taxonomic Characterization of Selected Isolates

Comparison of 16S rRNA gene sequences from A8 (Gen-
Bank AM778822.1), A9 (GenBank AM778819.1), Al14
(GenBank AM778820.1), and B2 (GenBank AM 778823.1)
were found to be closely related to species of the genus
Bacillus, showing >99% identity values with B. atrophaeus
NBRC 15539 (GenBank AB363731.1), B. vallismortis
DSM 11031 (GenBank NR_024696.1), B. amyloliquefa-
ciens DSM7 (FN597644.1), and B. inaquosus strain NRRL
B-23052 (EU138467.1).

Distinctive features were observed through macroscopic
and microscopic observations, such as the mucous consist-
ency of colony A8, the production of black pigment by A14,
and the star-shaped morphology of colony B2.

In Vitro Antifungal Activity

Antifungal activity against 16 fungal phytopathogenic spe-
cies was evaluated by means of the diffusion well method,
expressing the results according to the extent of inhibition
of the fungal growth. Surprisingly, two types of halos were
observed: a translucent halo corresponding to complete
inhibition of fungal growth in this study was identified and
named T, whereas a second type comprising opaque halos
was observed, distinguished as O, which indicated a possible
alteration of the mycelial development (Table 3).

Fungi Alternaria and C. acutatum were the most affected
by all the cell-free supernatants, whereas fungi of the genus
Fusarium were the most resistant. The cell-free extracts
from Bacillus sp. A8 and A14 showed the highest antifungal
activity on 12 out of the 16 tested fungi under the conditions
used. By contrast, Bacillus sp. A9 and B2 showed a narrower
spectrum of action, affecting 9 out of the 16 fungi. Pestalotia
sp. (Palto phytopathogen) presented a complete growth inhi-
bition with a translucent halo (Fig. 4B). This behavior was
also observed in Geotrichum sp. and C. fragariae. C. acu-
tatum showed both, translucent and opaque halos (Fig. 4C),
while one strain of Fusarium exhibited only an opaque halo
and the other Fusarium showed no inhibition (Figs. 4D and
E, respectively).

Effect of Heat and Proteinase K Treatments
on Chitinase and Antifungal Activities

Considering the results obtained, C. acutatum was selected
to be used as reporter fungus of cell-free supernatants from
Bacillus sp. A14. These supernatants have the potential to be
used in pest control because this fungus is currently rotting
many crops or causing anthracnose, mainly in blueberry and
strawberry fields, leading to large economic losses when it
is not controlled.
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Table 3 Antifungal activity of the Bacillus cell-free supernatants selected

Pathogen Host Bacillus sp. A14 Bacillus sp. A9 Bacillus sp. A8 Bacillus sp. B2
Alternaria sp." Blueberry T+++ T+ + T+++ T+ +
Aspergillus nigere Pepper T+ - T+ -
Colletotrichum gloeosporioides* Blueberry T+ - T+ -
Colletotrichum fragariae* Strawberry T+ + T- T+ + T-
Colletotrichum acutatum* Strawberry T+ ++ O+ ++ T+ ++ O+ ++
O++++ O++++
Fusarium oxysporume Lemon - - - -
Fusarium sp. Chickpea - - - -
Fusarium sp.’ Corn O++++ O+ + O++++ O+ +
Fusarium sp." Raiz de chickpea - - - -
Fusarium sp." Soya - - - -
Geotrichum sp.e Lemon T+ - T+ -
Helminthosporium sp.e Sorghum T+ T+ T+ T+
Pestalotia sp.e Raspberry T+ + T+ T+ + T+
Pestalotia sp.e Palto T+ + T+ T+ + T+
Trichoderma sp.e Soya T+ T+ T+ T+
Guignardia citricarpae Lemon T+ + T+ + T+ + T+

eprovided by the phytopathology section in the Experimental Agroindustrial Obispo Colombres Station (EEAOC)

Tprovided by the phytopathology department of the Faculty of Agronomy, National University of Tucuman
*provided by the INSIBIO (Higher Institute of Biological Research), National Council of Scientific Research (CONICET)

T =Translucent Halo; O =Opaque Halo

—=without inhibition; + =<2 mm in diameter; + + =<4 mm in diameter; + + + =<5 mm in diameter; + + + + =<6 mm in diameter

SN and CC-SPI were selected in this study because a dif-
ference was observed in chitinase activity in culture super-
natants of Bacillus sp. Al4. They were subjected to heat
and proteinase K treatment in order to evaluate how these
treatments affected both chitinase and antifungal activities.

Effect of Heat and Proteinase K Treatments on Chitinase
Activity

The results obtained at 30 °C were taken as reference for this
section. As shown in Fig. 4A, cell-free supernatants from SN
showed the highest values of specific chitinase activity under
all treatments, followed by CC-SPI (Fig. 5SA). After heat
and proteinase K treatments, the chitinase activity slightly
decreased in the different cell-free bacterial supernatants,
demonstrating high stability under working conditions.

Effect of Heat and Proteinase K Treatments on Antifungal
Activity

The cell-free supernatants of Bacillus sp. A14 obtained from
untreated SN produced the two types of halos on C. acu-
tatum described in Section see “In vitro antifungal activity”.
The opaque halo was constant when subjected to different
treatments. However, the T halo decreased with heat treat-
ments, reaching a complete reduction at 100 °C. By contrast,

it was observed that the proteinase-treated supernatant pro-
duced a slight decrease in the T halo (Fig. 5B).

The supernatant obtained from untreated CC-SPI was
also shown to produce two halos on C. acutatum. In this
case, both halos were reduced by 50% with heat treatment
at 50 °C. The T halo suffered a complete reduction, while
the O halo underwent a slight reduction with respect to the
treatment at 50 °C. In the case of the supernatant treated
with proteinase k, the total T halo was completely reduced
(Fig. 5C).

Morphological Changes on Fungi Treated
with Cell-Free Bacterial Supernatant

As shown in Fig. 5, the culture of C. acutatum treated with
the cell-free supernatant of Bacillus sp. A14 showed signifi-
cant differences with respect to the reference culture. The
latter presented low suspension of conidia and large pellet
formation on the bottom of the Erlenmeyer. In the treated
culture, abundant suspension of pink spores and small pellet
formation were observed (data not shown).

Microscopic observations were carried out on fresh cul-
tures after 120 h of incubation. Significant differences were
observed in the abundance and development of reproduc-
tive structures between the reference and treated cultures. In
the reference culture, there were few spores in suspension,
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Cell-free
supernatans

Fungi lawn

Fig.4 Antifungal activity of the cell-free supernatants of the four
selected bacteria. A sowing scheme; B activity against Pestalotia sp;
C against Colletotrichum acutatum; D against Fusarium sp. Corn; E
against Fusarium oxysporum

a large number of well-formed budding structures, and an
abundance of hyphae in the pellet (Fig. 6A). In contrast,
a large number of suspended spores were observed in the
treated culture, which provided a pink coloration to the
medium, as well as numerous sporulation structures. There
were also few sprouting structures and malformations (Fig. 6
B, C).

Discussion

The colony of Tadarida brasiliensis bats, also known as the
Brazilian free-tailed bat, sheltering in one of the vaults of the
Escaba dam, was estimated at 10 million individuals in 1984
by the biologist Rubén Barquez from Miguel Lillo Institute
of the National University of Tucuméan. This colony is one
of the largest in South America, and due to its ecological
interest, it was declared a “natural monument” by Provincial
Law N 7058/2001. Therefore, it was the selected source of
guano sampling to isolate chitinolytic bacteria.

These mammals are primarily insectivores; they consume
a significant number of insects every night, so they are valu-
able for insect control. Remains of exoskeletons that have
not been digested by the digestive system of bats can be
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Fig.5 Effect of heat and proteinase K treatments on A chitinase
activity; B antifungal activity of the cell- free supernatants of Bacillus
sp. Al4

found in guano deposits. Some authors isolated and identi-
fied chitinase-producing bacteria from the gut content of
insectivorous bats, which use these symbiotic bacteria to
assimilate the chitin of their insect prey [10, 16]. To the
best of our knowledge, no previous studies about chitinolytic
microorganisms isolated from bat guano have been reported.
The present study revealed that the guano of insectivorous
bats is an appropriate environment for isolating chitinolytic
bacteria without sacrificing the animal.
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A

Fig.6 Micrographs of C. acutatum after 120 h of incubation A refer-
ence culture, B culture treated with Bacillus sp. Al14 cell-free super-
natants. 1000X

The use of culture media based on colloidal chitin as a
screening method for chitinase-producing bacteria has been
reported by several authors, such as Shang et al. (2004)
[17], who recovered a strain of Aeromonas schubertii from
the soil using 0.2% w/v colloidal chitin. On the same basis,
Sastoque-Cala et al. (2007) isolated nine strains of chitino-
lytic microorganisms belonging to different morphological
groups, from shrimp waste at a Colombian fishing industry
[18]. However, in this case, they used concentrations of 0.5%
w/v commercial colloidal chitin and alkaline pH (pH 9.2). In
the present work, the strategies used by these authors were
taken as reference for the selection of chitinolytic micro-
organisms. Following Sastoque-Cala et al. (2007), the col-
loidal chitin concentration was adjusted to 0.5% w/v but the
pH was fixed at 7.0, respecting the pH value that the bat
guano had. This technique made it possible to isolate several
microorganisms capable of degrading chitin from bat guano.
Four chitinolytic isolates selected for this study belonged to
the genus Bacillus, which is the most widely used bacterial
genus for metabolism production at the industry level as
well as for biological control strategies [19]. For bacterial
identification, the analysis of the 16S rRNA gene sequence is

the most widely used methodology. However, this analysis is
limited for certain bacterial groups that have a smaller varia-
tion between closely related species. A clear example of this
is the group B. subtilis, whose members showed similarities
of more than 99% [20]. Within this group, B. atrophaeus is
characterized by the production of black pigments, like A14
isolate, a feature absents in the other species [21].

Chitinase activity is frequent in Bacillus species which
could be induced by chitin oligomers in the culture media.
For example, Mabuchi et al. (2000) showed that B. cereus
produces two inducible chitinases, A (chia) and B (chib),
possibly chib being responsible for extracellular chitinase
activity [22]. These authors tested from monomer to hexamer
molecules of GIcNAc to demonstrate that the enzyme activ-
ity grew as the chain length of chitin oligomer increased.
Conversely, carbon sources such as glucose, N-acetyl-p-D-
glucosamine, or deacetylated chitin and chitosan products
may act as catabolic repressors of chitinases [23-25]. Fur-
thermore, various additional carbon sources were shown to
influence the chitinase production. Gomaa (2012) demon-
strated that chitinase production was enhanced in B. thur-
ingiensis when galactose was supplemented with colloidal
chitin, whereas lactose increased chitinase production by B.
licheniformis [26]. The effect of glucose was also tested,
and it was found that 0.5% of this carbon source inhibited
chitinase production by B. thuringiensis yet potentiated its
production by B. licheniformis. In the present study, it was
observed that Bacillus sp. A14 expressed lower chitinolytic
activity when grown in media with chitin (CC-SPI, P-SPI)
than in the rich medium source. Our results suggest that
Bacillus sp. A 14 is able to express chitinases in the basal
state without the presence of an inducer such as chitin. These
results indicate that the repressor or inducer substance of
chitinase expression differs among organisms.

Several results suggested that chitinase is directly asso-
ciated with the antagonist activity of fungi. For example,
it was reported that crude supernatants with chitinolytic
activity from B. thuringiensis exhibited an inhibitory
effect against Aspergillus niger [27]; and a chitinase of B.
cereus, cloned and purified from the periplasmic fraction
of Escherichia coli DH5a, inhibited conidial germination
of Botrytis elliptica BO61 effectively [28]. In addition,
De la Vega et al. (2006) reported that a purified chitinase
from B. thuringiensis subsp. aizawai showed lytic activity
against the phytopathogenic fungi cell wall, inhibiting six
mycelial growths of Fusarium sp. and Sclerotium rolfsii
[29]. Also, crude and purified chitinase from B. pumilus
revealed higher mycelium inhibition against Aspergillus
and Fusarium strains [30, 31]. Recently, Dukare et al.
(2020) identified, characterized, and evaluated native chi-
tinolytic rhizobacteria with biocontrol potential against
pigeon pea wilt disease, caused by F. udum [32]. Two
promising bacterial strains (Bacillus spp. NS-22 and
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Pseudomonas spp. NS-1) were selected for their chitino-
lytic potential and possession of different antifungal traits.
In this context, we checked whether cell-free supernatants
containing chitinolytic activity also possess antifungal
activity against the locally relevant phytopathogenic fungi.
Our results showed that Fusarium sp. was not affected,
although strong inhibitory effects were observed for mem-
bers of Colletotrichum and Alternaria genera, which cause
serious diseases to berry plants. Notably, the supernatants
of Bacillus sp. that showed the highest chitinolytic activity
were also those that showed the highest antifungal effect.

To inhibit the chitinase activity of Bacillus sp. A14 super-
natants, they were exposed to various treatments (proteinase
K and heat). However, conclusive evidence of inhibition was
not reached because the chitinolytic activity was scarcely
affected after the treatments.

Biochemical studies on purified chitinases, frequently
produced by Bacillus spp., showed that they present optimal
activity at high temperature as well as a wide temperature
range [26, 33, 34]. In fact, Yuli et al. (2004) noted that chi-
tinase activity remained after five hours at 65 °C and after
one hour at 80 °C [33]. Also, a chitinase from B. thuring-
iensis was active from 30 °C to 120 °C, and the partially
purified enzyme showed maximum activity at 110 °C [35].
In agreement with these findings, the chitinolytic crude
extract from Bacillus sp. A14 was not affected by incuba-
tion at 100 °C for one hour. On the other hand, the proteinase
K treatment did not significantly alter the enzyme activity.
Liu et al. (2011) reported a stable chitinase purified from
Bacillus subtilis SL-13 with antifungal activity that endured
sterilization conditions, UV, and treatment with 15 mg mL"!
proteinase K for 1.5 h [8].

Members of the Bacillus genus are also known to pro-
duce a wide range of antimicrobial compounds, the most
bioactive molecules of which are synthesized non-ribosomal
peptides and lipopeptides [36]. B. amyloliquefaciens PGP-
BacCALl cells were applied on bean seeds and they were
able to inhibit the development of several phytopathogenic
fungi. The UV-MALDI TOF MS analysis showed that B.
amyloliquefaciens PGPBacCA1l co-produces different
homologs of the lipopeptides surfactin, iturin, and fengy-
cin. These compounds were found to be responsible for
the antagonistic effect [37]. Similarly, a study of B. methy-
lotrophicus strain named XT1 CECT 8661 with activity
against Botrytis cinerea detected several lipopeptides—sur-
factin, bacillomycin, and fengycin—in XT1 cultures using
Q-TOF electrospray mass spectrometry analysis. In vitro
antibiosis studies demonstrated the efficiency of the lipo-
peptide fraction in the inhibition of fungal growth [38].
Other authors reported that a purified peptide (designated
as P657) from B. amyloliquefaciens showed antagonistic
ability against B. cinerea. The biological activity of P657
was stable at a temperature as high as 100 °C for 20 min, and
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the treatment with trypsin and protease K had little effect on
the inhibitory activity [39].

A key observation from this work is the sprouting inhibi-
tion shown for C. acutatum by the supernatant of the strain
Bacillus sp. Al4, since the germination of conidia represents
the first step in the activation of an asexual life cycle and
the spread of the disease of several aerial phytopathogenic
fungi. Therefore, if it is possible to inhibit this stage, this
disease may be successfully controlled. The evaluation of the
antagonistic activity against Fusarium strains of the isolated
extracellular culture supernatant of Bacillus showed that
mycelial growth, conidial germination, and conidial produc-
tion were effectively inhibited. Furthermore, the supernatant
from the extracellular culture caused mycelial malformation
and ultrastructural changes [37, 40, 41]. A bacterial strain,
identified as B. amyloliquefaciens BA17, exhibited a strong
antifungal effect against B. cinerea. The filtrate of BA17 lig-
uid culture, when applied at 1%, 5%, and 10%, significantly
reduced the spore germination, spore production, and myce-
lial growth of B. cinerea. The assessment of activities of
intrasporic and extrasporic antagonistic substances of BA17
indicated that active substances were primarily produced
outside the bacterial cell [42].

Contrary to the results presented here, the active sub-
stances produced by BA17 were sensitive to heat, while the
antifungal activity of lipopeptides and P657 peptide men-
tioned above [38, 39] was thermostable according to the
results of the present work.

Conclusion

Based on the results obtained, we speculate that the anti-
fungal action of the extracellular culture supernatant of
Bacillus sp. Al4 is the result of the joint action of chi-
tinase and other compounds like lipopeptides. Even though
it was not possible in this work to attribute the antifungal
activity observed solely to chitinases, the availability of a
cell-free supernatant with hydrolytic activity and a ther-
mostable antagonistic activity on phytopathogenic fungi of
agricultural crops of interest provides a valuable product
with low production and storage costs for future use in
biocontrol processes. Working with cell-free supernatants
for field applications has advantages over the use of liv-
ing organisms, because a microorganism released to the
environment will not respond in the same way as it does
in the laboratory, where all parameters are controlled.
Consequently, the whole repertoire of antifungal metabo-
lites could be constrained in natural environments, or
the microorganism can be displaced by competition with
others present in the soil and vice versa, harming native
microorganisms. Moreover, the thermostability of the anti-
fungal activity suggests that the supernatants can function
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in harsh environments. In future studies, purifications will
be carried out in order to accurately identify the bioactive
molecules responsible for the antifungal activity of the
supernatants Bacillus sp Al4. It is also planned to carry
out proteomic studies will extend the field of research to
identify the proteins present in the cell-free supernatants.
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