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Objectives: The present study aimed to isolate potential antimicrobial and antioxidant Streptomyces sp
from cave areas of Algeria.
Methods: Streptomyces sp.GLD25 was identified by biochemical, physiological and molecular analysis.
The antimicrobial activity has been carried out by well diffusion method, microplates method has been
used to perform the MIC values of the organic extracts. The antioxidant capacity of the extract was tested
by DPPH and FRAP methods. GC–MS analysis was used to study the chemical profile of the crude active
extract.
Results: The novel strain Streptomyces sp. GLD25 was isolated from Gueldaman cave in Algeria showed
potential antioxidant and antimicrobial properties. According to the results of morphological, biochem-
ical characteristics and complete 16S rRNA sequence, the strain revealed 99.71% of similarity with
Streptomyces cyaneofuscatus strain WKFF71. The significant inhibition zone of the crude extract and
MIC value were 30 mm and 0,015 mg/mL respectively against Staphylococcus aureus and Bacillus subtilis.
In addition, the extract showed good antioxidant activity with IC50 = 20,12 mg/mL ± 2,05 for DPPH and
IC50 = 8,80 mg/mL ± 0,2 for ferric reducing activity. The fundamental metabolites of the active extract
were identified using GC–MS were Diisooctyl-phthalate, 6-hydroxy-heptanoic acid, Hexadecanoic acid,
Benzeneacetic acid and 3-(3,5-di-tert-butyl-4-hydroxyphenyl)propionic acid.
Conclusion: Overall, the Streptomyces sp.GLD25 isolated from Gueldamen cave have the potential to pro-
duce antimicrobials and antioxidants compounds with important biotechnological and medical
applications.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The increase of resistance of pathogenic microorganisms
against known drugs highlights the necessity for novel compounds
with antimicrobial activity (Rashad et al., 2015). In addition, oxida-
tive damages to lipids, proteins and DNA that may eventually lead
to several complications including cardiovascular disease, aging,
inflammatory disease mutations, carcinogenesis, and neurodegen-
eration are caused by reactive oxygen species and other radicals
potentially oxidative (Tan et al., 2017). Actinomycetes are groupe
of Gram positive, aerobic and filamentous bacteria. They constitute
prolific sources of vital bioactive compounds which have a
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significant role in resolving public health (Hui et al., 2021).
Especially, the genus Streptomyces produces >70% of all described
natural products from actinomycets. Recently, studies have con-
centrated on exploring actinomycetes that thrive in extreme condi-
tions to unearth their valuable bioactive metabolites for natural
product drug discovery (Hui et al., 2021). However, over the past
decade, caves have attracted the interest of microbiologists
because of the diversity of bioactive metabolites produced by their
mirobiom (Rangseekaew and Pathom-Aree, 2019). The inadequacy
of energy in caves causes a complex interaction between different
microorganisms, the result of these interactions is the production
of metabolites, such as antibiotics, pigments, and siderophores
(Gabriel and Northup, 2013). Furthermore, different groups of
microorganisms are naturally present in caves sediments, and
among heterotrophic bacteria actinomycetes are governing. Acti-
nomycetes are Gram-positive bacteria despite they have the simi-
lar characteristics with bacteria and fungi. However, their
reproduction is generally by producing conidia or spores, or even
with binary fission. Moreover, Their DNA contains a cytosine and
guanine with high percentage (Rai et al., 2018). Furthermore, the
genus Streptomyces produce various secondary metabolites with
varying biological activity, and GC–MS analysis is used to facilitate
chemical profiling and to identify these active compounds (Law
et al., 2017). The objective of this work was to isolate and charac-
terize actinomycetes from Guldamen (GLD1) cave, Akbou, Algeria,
and study the antimicrobial activity.
2. Materials and methods

2.1. Isolation of actinomycetes

For the isolation of Streptomyces sp. GLD25, different sediments
samples have been collected aseptically and randomly from vari-
ous locations of the cave regions of Algeria. The collected samples
were suspended using sterile distilled water and further the
diluted samples were spread on ISP-2 medium (pH = 7 ± 0,2) con-
tained 30 lg/ml of nystatin, 50 lg/ml of cycloheximide, and 30 lg/
ml nalidixic acid and incubated at 30� C for 1–4 weeks in a humid-
ity and dark.

2.2. Morphological, physiological and biochemical characterization of
actinomycetes

To study the morphological characteristics of the strain, the
strain was cultivated in ISP1, ISP2, ISP 3, ISP 4, ISP 5, ISP6, ISP7,
ISP9 and GYP media, the incubation was at 30 �C for 14 day. The
Gram staining was performed using Gram’s reaction as described
by (Coico, 2006). The detailed information of the media composi-
tion is presented in the supplementary files. Further to determine
the growth pattern of the strain using different temperature (25,
35, 45 and 55 �C), NaCl tolerance [3, 5, 7 and 10% (w/v)] and differ-
ent pH (5, 7, 9, 10) was noted by growing on Bennett’s medium for
14 days. The ability of the strain to use starch, casein, gelatin, glu-
cose, lactose, saccharose, citrate, the coagulation of milk, nitrate
reduction, the production of urease, indole and H2S have been
examined as described in Bergey’s manual of bacteriology (Good-
fellow et al., 2012).

2.3. Molecular identification of the isolate

2.3.1. DNA extraction, amplification and sequencing
According to GenJET Genomic DNA purification kit manufac-

turer’s instructions, total genomic DNA of the isolate has been
extracted. The amplification of the 16S rRNA gene was carried
out using PCR using bacterial universal primers revers and forward
2

27F-50AGAGTTTGATCMTGGCTCAG30 and 1492R-50TACGGYTACCTT
GTTACGACTT30. The thermal conditions of PCR reaction were as
follows: initial denaturation at 94 �C (5 min), followed by 35 cycles
at 94 �C (30 s), annealing at 52 �C (30 s), elongation at 72 �C (40 s),
and 72 �C (10 min) as final extension (Al-Dhabi et al., 2019a).

2.4. In vitro antimicrobial activity

2.4.1. Preliminary screening and optimization of media and
metabolites production

For the preliminary screening, bacterial and fungal suspension
were prepared with final concentrations as 108 CFU/mL and 106

CFU/mL respectively. The isolate was inoculated on Petri plates
containing Bennett’s medium (7 ± 0,2) for 8 days at 28 ± 2 �C.
(Messaoudi et al., 2015).

For media optimization the strain has been inoculated on Petri
plates containing GLM, M2 (Wiliams medium), AF and Bennett’s
media with pH adjusted at 7 ± 0.2 then incubated for 8 days at
28 ± 2 �C. After incubation, a cylinders of the strain from each med-
ium with diameter of 6 mm have been made using cork borer and
placed immediately on Mueller Hinton inoculated with bacterial
suspension (108 CFU/ml) and Sabouraud with fungal suspension
(106 CFU/ml), as positive control Streptomycin (10 mg/disc) and
Nystatin (100 lg/disc) were used.

2.4.2. Extraction of antimicrobial metabolites
The procedure used to obtain the crude extract was solid state

fermentation (SSF). The GLD25 strain has been grown on Bennett’s
agar medium selected previously based on the results of optimiza-
tion media. After incubation at 28 ± 2 �C for 8 days, small parts of
the media containing mycelium were cut and mixed with ethyl
acetate, the mixture subjected a maceration overnight then filtra-
tion. The obtained filtrate was evaporated using rotavaporator at
45 �C to give a crude extract, which was stored at 4 �C for antiox-

idant, antimicrobial and chemical profiling of the extract (Leulmi
et al., 2019).

2.4.3. Well diffusion method
Sixty mili grams of the crude extract was suspened in 500 lL of

DMSO. Further, the suspension of bacteria with 108 CFU/mL as a
final concentration and fungi with 106 CFU/mL) was prepared
and swabbed on Mueller Hinton agar and Sabouraud agar respec-
tively (Al-Dhabi et al., 2016).

2.4.4. Minimum inhibitory concentration (MIC)
In 96 well microplates, the MIC values have been carried out via

the micro-dilution process (Al-Dhabi et al., 2019b; Al-Dhabi et al.,
2020).

2.5. Antioxidant potential of the crude extract

2.5.1. DPPH free radical scavenging assay
The antioxidant activity of the crude extract of the GLD25 was

determined by DPPH (2,2-diphenyl-1-picrylhydrazyl) assay follow-
ing the method described by (Sanchez-Moreno et al., 1998). The
assay was done in triplicate and the percentage of DPPH radical
scavenging activity was calculated according to the following
formula:

DPPH radical scavenging activity %ð Þ
¼ Absorbance control� Absorbance sampleð Þ � 100½ �=

Absorbance control

The value of the concentration providing 50% inhibition (IC50)
was graphically determinate using a logarithmic regression extrap-
olated to 50% inhibition unit.
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2.5.2. Ferric reducing assay (FRAP)
The ferric reducing is method using for the determination of the

antioxidant power of compounds. It is based to the ability of the
drugs to reduce the Fe3+ to Fe2+. The FRAP assay was performed
as described by (Rezanejad et al., 2020). The IC50 of the extract
was determined by a linear regression extrapolated to 0.5 absor-
bance unit.
2.6. Identification of major metabolites using (GC/MS) analysis

The crude extract subjected analysis by GC–MS for the charac-
terization of the major metabolites using Shimadzu GC MS-
QP2010 with capillary column. The helium gas has been used to
eluate the sample. The injection temperature was 260 �C and tem-
perature program was 60–280 �C, the injection volume was 1 mL
with the flow rate of 1 ml/1 min, and the linear velocity: 36,5cm/
sec. NIST 11 library was used to compare the compounds (Al-
Dhabi et al., 2019b).
Table 1
Morphological appearance of Streptomyces sp.GLD25 in different media.

Character ISP1 ISP2 ISP3 ISP4

Growth +++ +++ ++ +++
Color of substrate mycelium White Beige Grey Whi
Color of aerial mycelium White Beige Beige Beig
Soluble pigments produced – – – –

-: absent; +: moderate; ++: good; +++: significant.

Fig. 1. Macroscopic aspect of GLD25 grown on different culture media (A:ISP1, B:ISP2, C:I
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2.7. Statistical analysis

All the experiments were performed in triplicate. The experi-
mental data were calculated by mean ± standard deviation (SD).
3. Results

3.1. Isolation and identification of Streptomyces sp. GLD25

3.1.1. Morphological, physiological and biochemical characterizations
The strain Streptomyces sp. GLD25 was isolated on ISP2 medium

at 28 ± 2 �C in a dark and humidity. It was Gram-positive and rec-
ognized with formation of areal and vegetative mycelium, sporula-
tion, and dry texture of the colonies. The strain contained spores
and had generally abundant growth on all media except on ISP9
which was moderate, the color of aerial and substrate mycelium
was generally white or beige and did not produce pigments Table 1,
Fig. 1. However, physiological and biochemical characters exhib-
ited that the optimal conditions for the growth of the strain were
ISP5 ISP6 ISP7 ISP9 GYP

+++ +++ +++ + +++
te Olive green Beige Beige White Beige
e White Beige Beige White White

– – – – –

SP3, D:ISP4, E:ISP5, F:ISP6, G:ISP7,H:ISP9, I: GYP) and microscopic aspect (J: Gx100).



Fig. 2. The 16S rRNA gene sequence analysis showing the relationship of Streptomyces sp. GLD25 with other closest species using MEGA X.
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25 �C, pH = 7 ± 0, 2, and 5% NaCl (W/V). The strain was catalase pos-
itive and had the ability to use: citrate, starch, casein, gelatin, urea
and glucose as described on Table S1.

3.1.2. Phylogenetic analysis of the isolate
The 16S rRNA gene sequence of the strain was deposited in

Gene bank under the accession number MW375071.1 belong to
Streptomyces and present highest similarity towards (99.71%)
Streptomyces cyaneofuscatus strain WKFF7 (Accession number
KY630731.1) and 99.64% with Streptomyces pratensis strain TU32
(Accession number MH482882.1) and Streptomyces lavendulae
strain T10 (Accession number KY213666.1) (Fig. 2).
Fig. 3. Antimicrobial activity using well diffusion method of the extract a
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3.2. Antimicrobial activity

Preliminary screening results exhibited that the strain had a
significant antimicrobial potential. The optimization of media
showed that Bennett is the most appropriate medium to produce
antimicrobial compounds (Table S2). However, the ethyl acetate
extract obtained by solid state fermentation (SSF) had a good activ-
ity against: Pseudomonas aeruginosa, Escherichia coli, Klebsiella
pneumoniae, Bacillus subtilis, Bacillus cereus, Staphylococcus aureus,
Candida albicans and Fusarium oxysporum (Table S3 and Fig. 3).
The minimum inhibitory concentration of the active extract
revealed that the significant value was 0,015 mg/mL facing Bacillus
gainst: A: Staphylococcus aureus, B: Bacillus subtilis, C: Bacillus cereus.



Table 2
Minimum inhibitory concentration of the extract.

Tested microbes MIC of crude
extract
mg/mL

MIC of
Streptomycin
mg/well

Staphylococcus aureus (ATCC 6538P) 0,015 >60
Staphylococcus micron >2 1.87
Bacillus subtilis 0,015 1.87
Escherichia coli (ATCC 10536) >2 >60
Klebsiella pneumoniae (ATCC 13882) >2 0.46
Proteus vulgaris (ATCC 33420) >2 3.75
Salmonella typhimurium (ATCC 13311) >2 30
Escherichia coli ESBL (DR4345) >2 >60

Fig. 4. DPPH radical scavengin

Fig. 5. Ferric reducing activity (F
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subtilis and Staphylococcus aureuswhereas the value was >2 mg/mL
facing Escherichia coli, Proteus vulgaris, Salmonella typhimurium,
Klebsiella pneumoniae and Escherichia coli ESBL as mentioned in
Table 2. On the other hand, the strain did not exhibit any antifungal
activity.
3.3. Antioxidant activity of the extract

Scavenging activity of the ethyl acetate extract was 65,87 ± 2,55
% at 30 mg/mL (Fig. 5.) and ascorbic acid as positive control with
98,75 ± 0% at 30 mg/mL. The IC50 value corresponding to the con-
centration required for 50% inhibition of the extract was
g activity of the extract.

RAP) activity of the extract.
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20,12 ± 2,05 mg/mL with 0,083 ± 0,011 mg/mL for the ascorbic acid
(Fig. 4).

The ferric reducing results showed that the significant absor-
bance was 2, 75 ± 0 at 30 mg/mL, the IC50 of the extract is
8,80 ± 0,2mg/mL, and IC50 = 0,030 ± 0,008 mg/mL for the ascorbic
acid. The results are presented in Fig. 5.
3.4. GC–MS profile of crude extract

The gas chromatography-mass spectrometer analysis has
shown the chemical profiling of ethyl acetate crude extract of
Streptomyces sp. GLD25. The result showed that the extract con-
tained twenty nine constituents which may be responsible to the
biological activities. The major compounds were Diisooctyl-
phthalate, 6-hydroxy-heptanoic acid, Hexadecanoic acid, Benze-
neacetic acid, Stearinic acid and 3-(3,5-di-tert-butyl-4-
hydroxyphenyl)propionic acid respectively Table S4 and Fig S1.
4. Discussion

Karst caves have always been considered as distributed subsur-
face ecosystems, they are known to be oligotrophic environments,
which are humid, dark with annual temperature relatively stable.
However, their microbiomes have always been suggested as dri-
vers for biogeochemical cycles and cave evolution since their
diversity and their metabolites (Zhu et al., 2021). Hence, several
studies have been carried out on the isolation of cave actinobacte-
ria. The genus Streptomyces is the most producer of interesting sec-
ondary metabolites. Besides, the exploitation of unexplored
environments as source of isolation of this genus is the most effi-
cient approaches to discover bioactive drugs (Tan et al., 2017).

The selective strain was isolated on ISP2 with pH = 7 ± 0.2 at
28 ± 2 �C in humidity and dark. For the isolation of actinomycetes,
a diversity of media was reported in several researches. ISP2 was
efficiently used as an isolation medium for novel actinomycetes
(Terra et al., 2018). The selective strain was isolated on ISP2, How-
ever, the isolation of actinobacteria depends not only on the media
used, but also on other factors such as the time of incubation (Song
et al., 2015), the factor of dilution (Pathom-aree et al., 2017), air-
dried of samples which might be a basic step for selective isolation
of actinomycetes since it helps to reduce unwanted (Rashad et al.,
2015). Furthermore, the incubation of the actinomycetes in the
dark is an intriguing factor to allow the production of metabolites
and their diffusion into the agar (El-tarabily et al., 1997).

The biological potentials of cave Actinobacteria have been stud-
ied by several works (Ghosh et al., 2020; Zhu et al., 2021). The
active extract of the strain GLD25 showed a good antibacterial
activity against Gram-negative and Gram-positive bacteria. In
addition, a remarkable antifungal activity was noted. Therefore,
antioxidant properties of the extract were also important as
describes previously. However, the results of this study are consis-
tent with previous results. The extract of Streptomyces sp. MUM212
demonstrated significant antioxidant activity through DPPH, ABTS
and superoxide radical scavenging assays (Tan et al., 2017). Several
complications in the body are associated with reactive oxygen spe-
cies and different strategies have been used to discover potent nat-
ural antioxidants drugs. Further, it has been stated that
Streptomyces sp. JS520 isolated from cave in Serbia exhibit antiox-
idant and antimicrobial activities (Stankovic et al., 2012).

GC–MS is a method used to detect and separate a volatiles ele-
ments present in small amounts, the active extract subjected a GC–
MS has shown a variety of compounds some of them have been
demonstrated for their biological activities by literature. Therefore,
Diisooctyl phthalate (1,2-benzenedicarboxylic acid diisooctylester)
which is a major compound of the extract with antibacterial activ-
6

ities against Bacillus subtilis, Staphylococcus aureus, Pseudomonas
aeruginosa, Escherichia coli and Candida albicans (Chen et al.,
2009). Additionally, Indole-2-carboxylic acid and its derivatives
were reported to their biological activities especially antifungal
(Kipp and Young, 1999), antioxidant and anticancer activity
(Wang et al., 2017). Furthermore, Tetradecanoic acid is demon-
strated for its repellent and larvicidal activity (Sivakumar et al.,
2011). Erucylamide possess promising insecticidal activity, it can
be used as fiber softener, pigment dispersant and in dyes (Ahmed
et al., 2020). Moreover, Oleamide has been notified by histamine
secretion attenuation, interleukin-4 and tumor necrosis factor pro-
duction (Yang et al., 2016).

5. Conclusion

The present study highlighted the antimicrobial, antioxidant
potential of Streptomyces sp. strain GLD25 isolated from cave and
contributes to expanding our understanding of cave microorgan-
isms. However, the active extract contains compounds to be fur-
ther investigated. In conclusion, caves actinomycetes might be an
imperative and promising source for the discovery of natural
bioactive drugs.
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