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Abstract: The discovery of new antibiotics and other bioactive microbial metabolites is a priority
given the frequency of the emerging multi-drug resistant pathogenic microorganisms. Thus,
scientists are searching for new antibiotics in microorganisms isolated from extreme habitats
such as caves. In the present study, we aimed to perform the first analysis on culturable
microorganisms in the Chaabe Cave (Algeria), and to test the antimicrobial activities of the
isolates (Streptomyces spp. and Penicillium spp.). The potential for antimicrobial activity
of 47 strains of actinomycetes and 23 strains of fungi were tested on Candida albicans,
Staphylococcus aureus, Micrococcus luteus, Listeria monocytogenes, Bacillus subtilis,
Escherichia coli, and Pseudomonas aeruginosa. The identification of the most active
actinomycetes strains by 16S rRNA gene sequence analysis revealed that these isolates
were exclusively affiliated to the genus Streptomyces. On the other hand, the fungi were
determined by phylogenetic analysis based on the ITS region or on the $ tubulin gene and
were affiliated to the genera Readeriella, Cladosporium, Aspergillus, Penicillium, Beauveria,
Alternaria, Rhizopus, and Rhizomucor. The strains showed strong inhibitory activity against
pathogenic microorganisms and the diameters of the inhibition zones vary between 7.5 and
34 mm for Streptomyces strains, and between 6.5 and 19.50 mm for Penicillium strains.
The data indicated that the majority (72.86%) of the 70 isolates were active against at least
one of the tested microorganisms. The production of nonpolyenic antifungal substances by
active Streptomyces isolates was investigated using several criteria (antibacterial activity,
ergosterol inhibition, and UV-visible spectra) of active extracts. The results were promising
and showed that the metabolites produced by the actinomycete strains do not have a UV-
visible spectrum characteristic of a polyenic structure. The Chaabe Cave possesses a
diversity of microorganisms that could lead to new antibiotics necessary in the fight against
drug-resistant pathogens and warrant further study.
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INTRODUCTION

environments, mainly marine (Dharmaraj,

2010;

The World Health Organization stated that there
is a serious lack of new antibiotics to fight the
increasing risk of antimicrobial resistance, which
represents a global health emergency (Kmietowicz,
2017). Antibiotics and other bioactive compounds
have been isolated from microorganisms in different

*belyagoubi_larbi@yahoo.fr

Romano etal., 2017) and terrestrial (Charousovaet al.,
2017; Devi et al., 2017), although novel compounds
from plants have recently been described (Romero et
al., 2017, 2018).

In the last decades the search for novel bioactive
compounds has included the exploration of little
investigated environments of which caves are an
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example. Karstic caves are widely distributed on all
continents. Many caves have yet to be discovered or
have barely been accessed, while other caves have
received considerable attention due to tourist interest
and have, therefore, been visited by a large number
of people. This has contributed to their deterioration
as can be seen with Lascaux Cave in France and
Altamira Cave in Spain. (Bastian et al., 2010; Saiz-
Jimenez et al., 2011).

Almost two decades ago, Groth et al. (1999)
suggested that caves were a promising environment
for finding novel actinomycetes able to produce
bioactive compounds. From that time on, a number
of papers reported the isolation of cave actinobacteria
with production of bioactive compounds (Nakaew
et al., 2009; Hodges et al., 2012; Cheeptham et al.,
2013; Ghosh et al., 2016; Maciejewska et al., 2016).
The most promising was the discovery of cervimycin
A-D, a polyketide complex produced by a strain of
Streptomyces tendae, isolated from Grotta dei Cervi, in
Italy. Cervimycins showed significant activity against
multi-drug-resistant staphylococci and vancomicin-
resistant enterococci (Herold et al., 2005).

A number of caves should be considered
oligotrophic in nature meaning that they have a very
low organic carbon input. Given these circumstances,
microorganisms compete for nutrients and their
metabolic capabilities are enhanced over the bioactive
substance production inhibiting the growth of other
microorganisms (Cheeptham, 2013).

Algeria is a large country in Africa, with a remarkable
abundance of flora and fauna. At present, there is
little information on the microbial diversity of caves
all over the world and, according to our knowledge, no
publication has investigated the microbial diversity
in cave ecosystems in either Algeria or Africa in
general. In light of this, the main aim of the study
was the identification of cultivable microorganisms
(actinomycetes and fungi) with antimicrobial
potential from Chaabe Cave (Tlemcen, Algeria). The
isolates were identified by 16S rRNA gene analyses
for actinomycetes and ITS region or B tubulin gene
analyses for fungi and tested for their bioactive
compounds.

MATERIALS AND METHODS

Samples

Samples were collected from Chaabe Cave in
Tagema, near the city of Tlemcen (Algeria) (Western
region: 34°53'N, 1°19'W, 1032 m altitude) (Fig. 1A;
Carte du monde, 2017). The cavern access was
characterized as difficult with a narrow entry and
was not accessible to visitors. At present, there are no
geological studies or physicochemical characteristics
available about the cave. A total of four samples
were collected aseptically and randomly from various
sediments between February and March of 2016
(Fig. 1B). The samples (200-2,000 g) were taken from
a depth of 0-20 cm below the surface with a large
sterile spatula and placed in sterile polyethylene
bags, closed tightly and stored at 4°C until used for
further experiments.

Measurement of pH

An aliquot of the sediment was air-dried at room
temperature for 7 days, crushed and passed through
a 2 mm mesh sieve. Twenty grams of a dried sample
were suspended in 50 mL of distilled water and mixed
to ensure uniformity. After a few minutes of standing,
the supernatant was used to determine the pH with a
digital pH meter (HANNA Inst. pH 209).

Total aerobic mesophilic microorganism counts

Ten grams of each sample were added to 90 mL
of 0.9% (w/v) solution of sodium chloride. After
homogenization, this solution was diluted (10! to 107)
and 1 mL of the resulting solution was inoculated
on Plate Count Agar (PCA). After incubation at 25°C,
for 2 to 3 days, the colony forming units (CFU)
were counted. Previous studies demonstrated that
colonies from cave samples grow very slowly at cave
temperature and that the diversity of the culturable
genera was similar whether the bacteria were grown at
cave temperature (13°C) or at laboratory temperature
(28°C) (Groth et al., 2001; Laiz et al., 2003).

Isolation of actinomycetes

Under aseptic conditions, the sediment samples were
air dried for 1 week prior isolation according to Jeffrey
(2008) to decrease the population of Gram negative
bacteria. The samples were then crushed in a sterile
mortar. Isolation and enumeration of actinomycetes
were performed by the dilution plate technique. Ten
grams of sample was mixed with 90 mL of sterile water
containing NaCl 9 gL'. The mixture was shaken
vigorously at room temperature. Portions (1 mL) of
the suspensions (diluted 107') were transferred to 9
mL of saline solution and subsequently diluted until
10° and/or 10° after homogenization by vortexing.
The inocula, consisting of 100 uL of these dilutions,
were spread over the surface of a few isolation
media: Chitin-B vitamin agar medium (Hayakawa &
Nonomura, 1987), Olson’s medium (Olson, 1968),
Bennett’s medium (Boudemagh et al., 2005) and
Tryptic soy agar medium (Romanenko et al., 2008).
The four media were supplemented with 50 pg-mL™
cycloheximide (actidione) and 30 ug'mL™! nystatin to
inhibit the development of antagonist fungi and other
eukaryotic microorganisms (Williams and Davies
1965; Ouhdouch et al., 2001; Badji et al., 2005).
Ten pug-mL™! nalidixic acid were also added to plates
in order to suppress Gram negative bacterial growth
(Takizawa et al., 1993). All the inoculated plates
were incubated in the dark at 28 * 2°C for 2-4 weeks
and examined daily for colony patterns and growth.
Actinomycete colonies with different morphologies
were selected and streaked onto fresh Bennett or
Tryptic soy agar slants and incubated at 28 * 2°C
for 1 week. Pure cultures were stored at 4°C or as
suspensions in culture medium-glycerol at -80°C.

Phenotypic identification of actinomycetes
Actinomycete strains were identified according
to traditional morphological criteria, including
the phenotypical aspect of the colony and growth
characteristics on Bennett and starch-casein media,

International Journal of Speleology, 47 (2), 189-199. Tampa, FL (USA) May 2018



Antimicrobial activities of microorganisms isolated from Chaabe Cave

le- WST,I:N‘ ..

Béchar

I
E‘%\ € Golen «?
e | (R
1 - Gi“;%t“ e 'L‘a“\t‘.\x"\
} O 1* imimoun ot

R ADEEI P
9,873 ft.
,;,,,,,,u.nr-.f‘?\f,, %

= ElOued,
™ t ’Tonggqun- ¥
| Ghardaia®

In Amenas®
ot Salah |

Taﬂuﬂusﬂs' .

Fig. 1. A) Location of the Chaabe Caven ( 3¢ — City of Tlemcen; O- Cave in Tagema) and B) Sampling site.

morphology of aerial hyphae and spores. Microscopic
morphologies were observed by light microscopy. The
isolates were characterized using Gram’s staining,
physiological and biochemical studies which included
assessment of the isolates’ ability to utilize different
carbon sources (glucose, lactose, saccharose, and
citrate), formation of indole and H,S, catalase and
urease activities, hydrolysis of starch, casein,
gelatine, production of melanin, nitrate reductase
activity and action on skimmed milk (coagulation and
peptonisation) (Shirling & Gottlieb, 1966; Marchal et
al., 1991; Singleton, 1999).

Sequencing and molecular identification
of actinomycetes

Bacterial DNA was extracted following the method
described by Marmur (1961). The 16S rRNA gene
was amplified by PCR using the conserved primers
27F (5-AGAGTTTGATCCTGGCTCAG) and 1522R
(5-AAGGAGGTGATCCAGCCGCA). PCR  thermal
conditions were as follows: 95°C for 60 s; 35 cycles
of 95°C for 15 s, 55°C for 15 s, 72°C for 120 s; and
a final extension cycle at 72°C for 10 min. Forward
and reverse strands of the amplified DNA fragment
were sequenced in an ABI 3700 sequencer (Applied
Biosystems). Pairwise 16S rRNA gene sequence
similarities for the most closely related strains were
determined using the global alignment algorithm on
the EzTaxon server (http://www.eztaxon.org) (Chun
et al., 2007).

Isolation of fungi

Different culture media were employed to improve
the isolation of fungi from the samples: Malt Extract
Agar (MEA), Czapek Dextrose Agar with (CDAr) and
without Rose Bengal (CDA), and Potato Dextrose Agar
(PDA) with Rose Bengal or with 25% lactic acid (Atlas,
2010).

Samples (10 g) were suspended in 90 mL of 0.9%
sterile saline solution and mixed thoroughly by
shaking. Subsequently serial 10-fold dilutions were
performed and 1 mL aliquots of 107! to 107° dilutions
of each sample were plated onto the five media. All
plates were incubated at 25°C for 1 week in the
dark to reproduce the same natural conditions in
the cave.

Fungal isolates were studied according to their
phenotypic characteristics, such as color and texture

of the surface colony, hyphal pigmentation, size and
shape of conidia and conidiogenous cells, presence or
absence of sclerotia, and growth rates. The number of
colony forming units per g of dry weight (CFU/g dwt)
was calculated for each sample. The isolated fungi
were maintained as pure culture in PDA with 25%
lactic acid and kept at 4°C until further study.

Sequencing and molecular identification of fungi

Fungal DNA was extracted from fresh mycelium
grown on MEA. Extractions were performed using
the DNeasy Plant Mini Kit (Qiagen) following the
manufacturer’s instructions. ITS and the B tubulin
gene were amplified using primers sets ITS4/ITSS
(White et al., 1990) or Bt2A/Bt2B (Glass & Donaldson,
1995), respectively.

PCR amplifications were performed using a BioRad
DNA Engine Peltier Thermal cycler with 30 cycles
of 30 s at 94°C, 30 s at 55°C (for both primer set),
40 s at 72°C; 10 min at 72°C, in a 25 uL reaction
mix, containing 12.5 uL genomic DNA (dilution: 102
after extraction), 5 uL PCR Direct Loading Buffer with
MgCl, (Q-Biogen), 0.5 uL dNTPs (6.25 mM, dNTP Mix,
Q-Biogen), 1 uL of each 10 uM primer (Eurogentec),
0.125 pL Taq DNA Polymerase (Q-Biogen, 5 units/
uL), and 4.875 uL sterile water. PCR products were
purified and sequenced by Genoscreen (Lille, France)
in both directions to confirm the accuracy of each
sequence. Sequences were assembled with CodonCode
Aligner v. 3.7.1 (Codon Code Corporation), checked
by visual inspection of the chromatograms and edited
if necessary. Sequences were identified using the
BLAST option at http://blast.st-va.ncbi.nlm.nih.gov/

Blast.cgi.

In vitro screening of isolates
for antimicrobial activity

Antimicrobial activity of selected strains was
estimated by the agar cylinders method, against four
Gram-positive bacteria: Staphylococcus aureus (ATCC
6538), Micrococcus luteus (CIP 53.45/ATCC 9341),
Listeria monocytogenes (ATCC 19111) and Bacillus
subtilis (ATCC 6633), three Gram-negative bacteria:
Pseudomonas aeruginosa (ATCC 27853), Escherichia
coli (CIP 53.126 / ATCC 8739), and Klebsiella
pneumoniae (IBMC Strasbourg), and the yeast Candida
albicans (CIP 444). All of these microorganisms were
kindly provided by the National Museum of Natural
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History (Paris, France) and the Laboratories of Natural
Products and of Antibiotics (Tlemcen, Algeria).

Agar cylinders method

Inhibition zones were determined against selected
pathogenic microorganisms using the disc diffusion
method (Clinical and Laboratory Standards Institute,
2012), with necessary modifications. Bacterial
suspensions were prepared in Mueller Hinton Broth
(MHB) and fungal suspension in Sabouraud Dextrose
Broth (SDB), and then incubated at 37°C for 24
h and at 30°C for 24-48 h, respectively. The tested
microorganism suspension was adjusted to a similar
optical density to that of McFarland 0.5 (108 CFU/ml
for bacteria in MHB and 10° CFU/ml in SDB for C.
albicans). The isolated actinomycete and Penicillium
strains were grown on Bennett’s agar plates (Jones,
1949) for 14 days at 28°C and on Potato Dextrose
Agar plates for 1 week at 25°C, respectively. Then
a calibrated cylinder (6 mm in diameter) was cut
out and placed on Mueller Hinton agar (Sabouraud
Dextrose agar for C. albicans) plates inoculated
with the adjusted suspension of an exponentially
growing culture of test microorganisms using a
sterile cotton swab. To compare the antimicrobial
activities, standard antibiotic disks were used as
positive controls, ampicillin (10 ug/disc; Biomaxima)
and chloramphenicol (30 pg/disc; Sigma Aldrich)
for bacteria, and nystatin (100 pg/disc; Sigma) and
amphotericin B (100 pg/disc; Sigma) for yeast in order
to control the sensitivity of the tested microorganism.
Plates were first kept at 4°C for 2-4 h to allow the
diffusion of any antimicrobial metabolites. Inhibition
diameters were determined after 24 h for bacterial
strains and 48 h for C. albicans. Plates were examined
for evidence of antimicrobial activities, represented by
a zone of inhibition of microbial growth around the
cylinders (Lemriss et al., 2003; Mellouli et al, 2003;
Kitouni et al., 2005).

Screening for actinomycete strains producing
nonpolyenic antifungal metabolites

To select active actinomycete strains producing
only nonpolyenic antifungal agents, the ergosterol
inhibition and the production of active metabolites
were investigated. Ergosterol inhibition was tested
by the diffusion method (agar cylinders method) on
Sabouraud’s agar medium with or without 50 mg-mL™!
ergosterol, in the presence of C. albicans (Ouhdouch
et al., 2001).

For the production and extraction of active
metabolites, isolates showing antifungal activity
were cultured in a 250 mL flask containing 25 mL
of liquid Bennett’s medium and incubated at 37°C
for 24 h. The culture was transferred into a 500 mL
flask containing 225 mL of liquid Bennett’s medium.
After 3 days of incubation at 37°C, either the whole
culture was extracted twice
with ethyl acetate (1:1, v/v), or

v/v) and twice with hexane (1:1, v/v), respectively.
The antifungal activity of the three extracts for each
active strain was determined by the disc diffusion
method (Lemriss et al., 2003). The UV-visible spectra
of the active extracts were recorded in the 200-500
nm range with a spectrophotometer (JENWAY2750
UV.vis) (Hacéne et al., 1994; Ouhdouch et al., 2001).

RESULTS AND DISCUSSION

Samples and isolation of actinomycetes

Actinomycete colonies were counted on different
media plates after 14-28 days of incubation at 28°C.
Actinomycetes were recognized by their morphological
characteristics: tough leathery colony, branched
vegetative mycelia, and, when present, aerial mycelia
and spore formation. All bacterial strains were Gram-
positive. Most of the colonies that grew on plates
belonged to the genus Streptomyces since the colonies
were slow growing, aerobic, glabrous or chalky,
heaped, folded and with aerial and substrate mycelia
of different colors (gray, white, red, yellow, green,
beige, purple, brown, violet and orange) (Buchanan
& Gibbons, 1974). Four different media were used
for the isolation of actinomycetes from cave: Chitin-B
vitamin agar, Olson’s medium, Bennett’s agar, and
Tryptic soy agar. In addition, the media MEA and
CDA, used for the isolation of cave fungi, also allowed
for the isolation of the actinomycetes.

Forty seven actinomycete strains were isolated
using different culture media from the four cave
samples (Table 1). The number of isolates recovered
from each sample varied widely and ranged from 2
to 14. Considering the used media, Olson’s medium
yielded the greatest percentage of actinomycetes
(29.79%), followed by Bennett’s agar (21.28%).
However, the macroscopic morphological diversity
noticed on Olson’s medium was substantially less
than in the others. The higher morphological diversity
was observed on both media TSA and Bennett’s Agar.

Identification of actinomycetes

The isolates were easily identified as actinomycetes
by their morphology and strong adherence to the agar
medium. Some isolates produced diffusible pigments
on several agar media and melanin on peptone-yeast
extract agar (ISP6) (Shirling & Gottlieb, 1966). The
degradation of the substrates casein, starch and gelatin
was variable according to each isolate. An isolate
(strain A45) was affiliated to the genus Streptomyces
using taxonomic features. For the identification of the
remaining actinomycetes a molecular approach was
used, resulting in the affiliation of all strains to the
genus Streptomyces. In Table 2 the representative
strains are shown. BLAST search revealed that the
closest hits to each cave isolate were Streptomyces
species displaying a similarity of between 98.76

Table 1. Number and percentage of actinomycetes isolated by culture medium.

the pellet and the supernatant Medium

TSA Bennett | Olson | Chitin MEA CDA

(obtained after centrifugation

Number of isolated actinomycetes 6 10 14 7 8 2

at 4,500 rpm for 15 min) were

extracted with methanol (1:5, [Total%

| 12.76 | 21.28 | 29.79 | 14.89 | 17.02 | 4.25
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Table 2. Phylogenetic affiliations of the active isolates.

Strains EZtaxon affiliation* Similarity (%)
Al S. ambofaciens 99.58
A10 S. rimosus 99.02
A13 S. albospinus 99.48
Al5 S. staurosporininus 98.81
A22 S. aureoverticillatus 99.11
A27, A36 S. anulatus (1) 99.93
A2, A3, A5, A7, A8, Al1, A12, A16, and A47 S. celluloflavus (2) 98.76

*Taxonomic groups that include species not distinguishable by 16S rRNA sequence:

(1) S. griseus subsp. griseus, S. fulvissimus, S. anulatus, S. cinereorectus, S. microflavus, S. cyaneofuscatus,

S. griseoplanus, S. setonii, S. fulvorobeus, S. halstedii, S. griseolus, S. puniceus, S. griseorubiginosus, S. badius,
S. parvus, S. sindenensis, S. pluricolorescens, S. rubiginosohelvolus. (2) S. celluloflavus, S. kasugaensis.

and 99.93%. A few of these strains showed some
morphological differences and were included in the
taxonomic group of S. griseus and S. fradiae.

On the basis of the 16S rRNA gene sequences
similarity, two strains (A36 and A27) were most
closely related to several species belonging to the
taxonomic group S. griseus which includes S.
griseus subsp. griseus, S. fulvissimus, S. anulatus,
S. cinereorectus, S. microflavus, S. cyaneofuscatus, S.
griseoplanus, S. setonii, S. fulvorobeus, S. halstedii, S.
griseolus, S. puniceus, S. griseorubiginosus, S. badius,
S. parvus, S. sindenensis, S. pluricolorescens and S.
rubiginosohelvolus. Also strains Al12, A2, A3, A5, A7,
A8, Al11, A16 and A47 were affiliated to the taxonomic
group S. fradiae, which includes S. celluloflavus and
S. kasugaensis among others.

Previous studies reported that the utilization of 16S
rRNA gene sequences is not sufficient to discriminate
between closely related species of the genus
Streptomyces (Guo et al., 2008; Rong et al., 2009). To
this end, a detailed study for species identification
requires multilocus sequence analysis (MLSA): atpD
(ATP synthase 3-subunit), gyrB (DNA gyrase -subunit),
recA (recombinase A), rpoB (RNA polymerase -subunit)
and trpB (tryptophan synthase B-subunit) and DNA-
DNA hybridization (Dominguez-Monino et al., 2017),
an approach that is out of our scope.

Cultivable members of the genus Streptomyces
have been previously reported from different caves,
however isolates belonging to other genera, have
been found through both culture-dependent and
independent approaches (Groth et al., 1999, 2001;
Nakaew et al., 2009; Stomeo et al., 2009; Niyomvong
et al., 2012). Taking into consideration the numerous
studies on cave microbial diversity, it is worth noting
that each cave seems to be unique and diverse in its
microbial compositions, however, there is a trend of
finding dominating actinobacterial communities in
many caves (Cheeptham et al., 2013). The reason for
the large recovery of Streptomyces in caves can lie in
their spore dispersal, the ability to use a large variety
of nutrient sources in synthetic rich media and their
more rapid growth in comparison to other genera,
recognized as rare Actinobacteria, which are isolated
much less frequently (Subramani & Aalbersberg,
2013; Maciejewska et al., 2016).

The importance of cave actinomycetes as producers
of bioactive substances was stressed in the past
(Groth et al., 1999). Indeed, members of the genus
Streptomyces are notable for their ability to produce

a wide variety of pharmaceutically useful compounds
as secondary metabolites (Huang et al., 2005). Many
of these secondary metabolites are potent antibiotics,
which has made streptomycetes the primary antibiotic-
producing organisms exploited by the pharmaceutical
industry (Jensen et al., 2007; Ramesh et al., 2009).

Antimicrobial activity of actinomycetes

The antimicrobial potential of cave actinobacteria,
and especially Streptomyces, has received the attention
of many scientists and it is a topic of great interest
(Herold et al., 2005; Hodges et al., 2012; Cheeptham,
2013; Rule & Cheeptham, 2013; Nimaichand et al.,
2015).

The results of the initial screening of 47 strains for
antibacterial and antifungal activity are summarized
in Table 3. Overall, the tested actinomycetes showed
antimicrobial activity against at least one of the
tested pathogenic strains by agar cylinders method.
The lowest activities were exhibited against Gram-
negative bacteria. Indeed, 61.70% of the tested
isolates were active against S. aureus, 57.45% against
M. luteus, 36.17% against B. subtilis, 29.79% against
L. monocytogenes, while 21.28% were active against E.
coli and only 8.51% against K. pneumoniae. However,
we observed an absence of antimicrobial activity
against P. aeruginosa.

Maciejewska et al. (2016) studied the cultivable
Streptomyces isolated from cave moonmilk deposits
which showed a much stronger antibacterial activity
against Gram-positive bacteria (94% of the phylotypes)
than against Gram-negative bacteria (71% of the
phylotypes). In addition, the data showed that the
antifungal activity was exhibited in 14.89% of all
isolates.

Screening for antifungal polyenic and
nonpolyenic metabolites

After primary screening for antimicrobial activity
of the 47 isolates by agar cylinders method against
pathogenic microbes, five strains of Streptomyces sp.
(A5, Al11, A16, A22, and A45) were selected for further
analysis, since they showed significant antifungal
activity against the yeast C. albicans. In addition,
these strains exhibited good activity against tested
Gram-positive bacteria compared to Gram-negative
bacteria (Table 4). The inhibition zone diameter for C.
albicans was more than 8.5 mm.

These five isolates appeared promising because of
their activity against S. aureus, M. luteus, B. subtilis,
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and E. coli (cell membrane without sterols) but they
showed a marked inhibition of antifungal activity
by exogen ergosterol, which is considered to be a
target of polyenic antifungal compounds (Bastide et
al., 1986). A reduction of the inhibition zone in the
presence of ergosterol is an indication of the presence
of polyene metabolites. For nonpolyenic metabolites,
no interaction occurs and the diameter of the
inhibition zones remains constant (Hamilton-Miller,
1973). This allowed us to easily detect the absence
or production of polyenic metabolites. The five
Streptomyces strains showed an absence of inhibition
zones (Table 5).

Several authors have used UV-visible spectroscopic
analyses of the active extracts to distinguish between

Table 5. Three step screening method for nonpolyenic antifungal agents.

polyenic and nonpolyenic substances (Hacéne et al.,
1994; Ouhdouch et al., 2001; Lemriss et al., 2003).
The spectra of polyenes are characterized by a series
of bands between 260 and 405 nm (Hamilton-Miller,
1973). However the metabolites produced by the five
strains of Streptomyces did not show an UV-visible
spectrum characteristic of a polyenic structure.

To summarize, the five strains of Streptomyces sp.
showed activity against C. albicans and bacteria, and
the inhibition zones were markedly reduced after
the addition of exogenous ergosterol. However, the
extracts did not reveal polyene-type UV-visible spectra.
These contradictory results have been explained by a
coproduction of polyene and non-polyene products by
the same strain (Lemriss et al., 2003).

Antibacterial activity Ergosterol effect ® UV-visible spectroscopic analysis
Gram—pogitive Gram—negative Without With Polyene absorption (nm)
bacteria bacteria
S. celluloflavus (AS) S, M - 17+1 00 No Detected
S. celluloflavus (A11) S, M, B E 13.5+0.5 No Detected
S. celluloflavus (A16) S, M E 8.5+0.5 No Detected
S. aureoverticillatus (A22) S, M, B - 10.5+0.5 + No Detected
Streptomyces sp. (A45) S, M, B - 140 0x0 No Detected

#Activity measured by diameter of inhibition zones (in mm).

S: Staphylococcus aureus ATCC 6538; M: Micrococcus luteus ATCC 9341; B: Bacillus subtilis ATCC 6633; E: Escherichia coli ATCC 8739.

Enumeration of viable counts and fungi

The enumeration of the aerobic mesophilic
microorganisms was done in order to develop an
idea about the cave microbiology and on the total
microbial count of cave sediments where the strains
were isolated.

Table 6 summarizes the microbial counts obtained
and pH values from various samples in Chaabe Cave.
The pH of the four samples ranged from 7.45 to 8.48.

In all samples, the count of total aerobic mesophilic
microorganisms was significantly greater than the
number of isolated fungi. CFU counts on PCA were
the highest in sample 2 (6.8 x 10° CFU-g"!,) whereas
samples 1, 3, and 4 with values of 2 x 10° CFU-g},
2.78 x 10*CFU'g!,and 2.18 x 10° CFU g}, respectively
were about three times lower. Fungal counts were
higher in samples 1 and 2, when compared with the
last two samples. Growth was better in the media
CDAr and MEA as compared to PDA. Altogether 38
isolates of fungi were obtained from the four cave
samples using different solid media. Most of the
isolates were obtained from samples 1 and 2, those
located less deep in the cave, which probably denotes
a higher input from outside fungi.

Mycobiota diversity
In total, 38 filamentous fungi isolates were picked
from plates and identified. Species of Penicillium,

Cladosporium, Aspergillus and Alternaria account
for a high proportion of the strains examined, but
representatives of other genera are also included.

Cultural analysis, macroscopic and microscopic
characteristics of mycoflora on cave samples revealed
the presence of eight genera indicating a diverse
fungal community in our cave. The genera were (in
the order of relative abundance) Penicillium spp.
(60.53%; n = 23) as the most abundant, followed by
Cladosporium spp. (10.53%; n = 4), Alternaria sp. and
Aspergillus sp. (7.89%; n = 3), Beauveria sp. (5.26%;
n = 2), Rhizopus sp., Rhizomucor sp., and Readeriella
sp. (2.63%; n = 1) (Fig. 2). The identification at the
species level was determined by sequence analysis of
ITS rRNA or of partial § tubulin gene. Taking their
similarities to sequences in GenBank, we identified
S5 species: Readeriella eucalypti, Cladosporium
pseudocladosporioides, Aspergillus wentii, Penicillium
brevicompactum, Amphicorda felina (= Isaria felina =
Beauveria felina).

Man et al. (2015) studying the phylogenetic
diversity of culturable fungi in the Heshang Cave
(China) reported that the genus Penicillium was the
most abundant and accounted for 40, 54, and 52%
of cultivable fungi in the sediments, weathered rocks
and bat guano, respectively. Some other abundant
fungal genera were Trichoderma, Paecilomyces, and
Aspergillus, but in weathered rocks the presence

Table 6. The pH, total viable counts and fungi counts (cfu.g™') of different samples from Chaabe Cave.

pH PCA CDA CDAr. PDAr. PDAac. MEA
Sample 1 8.48 + 0.04* 2.10%° 4.10° 5.10° 5.10° 3.10° 107
Sample 2 8.35+0.39 6.8.10° ND 5.2.103 1.1.10° 1.48.10° 2.1.10°
Sample 3 7.45 £ 0.05 2.78.10* 9.10! 2.95.102 4.5.10! 1.5.10! 6.10!
Sample 4 7.54 £ 0.05 2.18.10° ND 10! 10! 3.10! ND

abThe pH and the cfu/g correspond to an average number; ND: not determined.
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of Cladosporium and Beauveria felina were also
significant. We also found the entomopathogenic
fungus Amphicorda felina (= Beauveria feline) in cave
floor surfaces collected by swabbing.

To the best of our knowledge, the present work
is the first report on the isolation of the genus
Readeriella from cave, a fungal genus associated to
Eucaliptus leaves (Sanchez Marquez et al., 2011). For
the other genera found in Chaabe Cave, Vanderwolf
et al. (2013) stated that they are considered to be the
most frequently reported compared with other studies
on cave mycology and that fungi are not distributed
evenly throughout caves. The distribution of cave
mycobiota is influenced by the susceptibility of the rock
material to be colonized, their mineral composition,
porosity, etc. and by environmental conditions (water
availability, temperature, pH, and nutrient sources)
(Gorbushina, 2007). Dickson and Kirk (1976) noted
that more fungi and bacteria were found on the cave
sediments than on the walls or ceiling, likely because
organic carbon accumulates on the cave floor. In
addition, bacteria are more uniformly distributed than
fungi, which are often associated with invertebrates
and organic matter (Jurado et al., 2008).

Rhizomucor Beauveria sp.;
sp.; 2.63% 5.26%
Rhizopussp.;

2.63%

Readeriella sp.
; 2.63%

Aspergillus
sp.;7.89%

Alternaria sp.;
7.89%

Cladosporium
sp.;10.53%

Fig. 2. Composition of fungal communities in the Chaabe Cave.

Antimicrobial activity of Penicillium spp.

A large number of fungal extracts and/or
extracellular products have been found to have
antimicrobial activity, mainly from species of the
ubiquitous genus Penicillium (Rancic et al., 2006;
Petit et al., 2009). A total of 23 strains of Penicillium
were selected for screening of antimicrobial activity
against pathogenic microorganisms.

The results of the initial screening of 23 strains for
antibacterial and antifungal activity are summarized
in Table 3. The Penicillium spp. tested showed
antimicrobial activity against at least one of the tested
microorganisms by agar cylinders method (except for
P. aeruginosa which is the most resistant species)
indicating that these fungi produce some type of
antimicrobial substance(s) responsible for inhibiting
the tested microorganisms. The active strains showed
strong inhibitory activity opposed to the pathogenic
microorganisms and the diameters of the inhibition
zones vary between 7.5 and 26 mm. The results
showed the best activity against C. albicans with a
percentage inhibition of 43.38% (10/23).

Several surveys of the antibacterial substance
production by fungi have been published recently,

from which it appears that many of the Ascomycetes,
Basidiomycetes and Fungi Imperfecti show
marked antibacterial activity but few, if any, of the
Phycomycetes. The present account deals with a
number of Fungi Imperfecti examined mostly for
antifungal activity; a preliminary examination for
antibacterial activity has also been made in most
cases.

CONCLUSION

This is the first report on microbial communities in
a natural pristine cave ecosystem in Algeria to our
knowledge, and sheds light on microbial assemblages
that can be a remarkable source of antimicrobial
molecules. This study was aimed at investigating
the antagonistic activity of actinomycetes and fungi
from Chaabe Cave, Algeria, against pathogenic
microorganisms. The microbial  assemblages
associated with this Algerian cave were investigated by
culture-dependent method together with the analysis
of 16S rRNA gene sequences for actinomycetes
and the fungal ITS or B tubulin gene sequences. A
large number of isolated microorganisms exhibited
activity against pathogenic bacteria and/or fungi
according to their origin. The desired outcome of
this publication is to provide preliminary data that
indicate the cave is a useful potential source for the
isolation of microorganisms producing biologically
active products. A few strains of Streptomyces and
Penicillium produced antibiotics and likely an array
of other secondary metabolites, which merit a more
detailed investigation.
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