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Abstract

The aim of the study is the research and identification of a Streptomyces strain as a new producer of spectinabilin, undecyl-
prodigiosin and metacycloprodigiosin. Among 54 actinomycete isolates isolated from El-Ogbane forest soils in Algeria,
only one isolate, designated V,, was selected for its ability to produce prodigiosins. The selected strain was analysed for
its ability to produce three different secondary metabolites as well as their biological activities. Vy, belongs to the Strep-
tomyces genus and has significant antimicrobial and antioxidant activities. The taxonomic position of V,, by 16S rRNA
sequence analysis showed a similarity of 99.93% with Streptomyces lasiicapitis DSM 103124T and 98.96% with Streptomyces
spectabilis DSM 405127, Fractionation of crude secondary metabolites produced by the strain using HPLC-MS revealed the
presence of spectinabilin, undecylprodigiosin and metacycloprodigiosin, which demonstrated significant activity. Strain V y,
is considered a new producer of spectinabilin, undecylprodigiosin and metacycloprodigiosin with significant antimicrobial

and antioxidant activity.

Introduction

The identification of antibiotics was a wondrous innovation
and discovery that humanity recognized upon its appearance,
but the flame of this miracle was quickly extinguished just
after the appearance of antimicrobial resistance in patho-
gens [1]; moreover, the phenomenon of bio-resistance has
not ceased to develop and spread in microorganisms [2]. In
confronting this serious problem, cancer constitutes another
challenge that humanity has tried to conquer, although its
pathology is perhaps more serious following the failure of
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its eradication because of cytotoxicity of chemicals used
during treatment against normal cells [3]. These disturb-
ing situations have pushed researchers to leave classical
research platforms to pursue other new strategies based on
the detection of new microbial strains, in particular Actino-
bacteria strains producing new bioactive compounds [4].
New actinobacterial strains can be isolated from marine
[5], desertic [6] and glacier soil ecosystems [7], or volcanic
fumaroles [8]. Following this strategy, several new bioactive
compounds have been discovered in recent years, citing for
example a-pyrone [9], the polyhydroxyl macrolide lactones
PM100117 and PM100118 [10], novonestmycins A and B
[11] and venturicidin C [12].

Other previously discovered substances, in particular
spectinabilin, undecylprodigiosin and metacycloprodigiosin,
are well known for their biological activities. Spectinabilin
is a rare polyketide metabolite, and its chemical structure is
substituted by a nitrophenyl; spectinabilin was isolated for
the first time from a crude streptovaricin complex produced
by Streptomyces spectabilis [13]. Undecylprodigiosin and
metacycloprodigiosin are red pigments, belonging to the
prodigiosins; these compounds are produced by certain spe-
cies of the Streptomyces genus, such as S. coelicolor A3 and
S. longisporus ruber M-3 [14, 15]. Given the importance
and the attractive activities of these three compounds, some
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researchers tried to develop techniques using plug-and-play
scaffolding in order to reactivate the silencing gene cluster
for spectinabilin in Streptomyces orinoci [16].

Algeria is the largest country in Africa, and the Mediter-
ranean Sea is the limit of the country in the north, while the
Sahara Desert is the limit in the south. Between these two
borders, the climate is complex and ranges from wet to arid.
This study aims to isolate and identify strains belonging to
the Streptomyces genus as new producers of spectinabilin,
undecylprodigiosin and metacycloprodigiosin from forest
soils located in a semi-arid zone in western Algeria.

Materials and Methods
Sampling Location

Soil samples were taken from El-Ogbane forest (34° 49’
04.9" N 0°09'26.5" E) located in the west of the country in
Saida city. The samples were taken from sedimentary lands
on the banks of the forest river. After removing stones, tree
and root debris, the samples were dried in the open air, then
crushed with a mortar and kept in plastic containers.

Isolation and Purification of Actinomycetes

Isolation of actinobacteria was performed by the standard
dilution method [17]. First, one gram of soil sample was
aseptically diluted in 9 ml of sterile distilled water (107"),
followed by agitation of the liquid for a few minutes, and a
series of decimal dilutions (10‘2, 1073 and 10‘4) was then
generated. An aliquot of 100 pl was spread on the surface
of starch casein nitrate agar medium (SCNA supplemented
with nalidixic acid (20 mg 17!) and nystatin (50 mg 17")) at
the rate of three plates for each dilution [18, 19]. The plates
were finally incubated at 30 °C for 5 to 10 days. According
to the morphological and cultural characteristics, typical
colonies were selected and then sub-cultured on GYM agar
medium and incubated at 30 °C for 5 to 10 days [20]. Once
the aerial mycelium was formed, the isolates were labelled
and stored at — 80 °C in 50% glycerin.

Determination of Culture, Physiological,
Biochemical and Microscopic Characteristics
of Typical Strains

To identify and compare the isolates from different strains,
a series of tests was carried out. Culture characteristics such
as colony colour, aerial mycelium production and soluble
pigment synthesis were revealed on ISP medium (Interna-
tional Streptomyces Project) by flooding GYM medium,
yeast extract-malt extract agar (ISP,), oatmeal agar (ISP5),
inorganic salt—starch agar (ISP,), glycerol-asparagine agar
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(ISPs), peptone-yeast extract iron agar (ISPy), tyrosine agar
(ISP;), SSM+T and SSM — T medium with two drops of a
fresh culture of the selected isolates [20-22]. After growth,
the ISCC-NBS colour chart was used to determine the col-
our of the colonies, aerial mycelium and soluble pigment.
Growth at different temperatures (5 to 40 °C, with intervals
of 5 °C) was resolved in ISP; agar over 15 days of incuba-
tion. Growth at different pH values was revealed in GYM
broth (glucose 1%, yeast extract 1%, K,HPO,-3H,0 0.05%,
MgS0O,-7H,0 0.05%, weight/volume) over a pH range from
4 to 12 (with intervals of 1.0 pH unit) followed by incubation
at 20 °C for 15 days in a rotary shaker [23].

The use of carbohydrates (glucose, arabinose, sucrose,
xylose, inositol, mannitol, fructose, raffinose, cellu-
lose and rhamnose) as a single carbon source was deter-
mined on 5338 medium ((NH,2S0,, KH,PO,, K,HPO,,
MgS0O,-7H,0, agar and trace element solution 5342), which
is a basic medium. Incubation was carried out at 30° C for
10 to 15 days [20]. Growth on different concentrations of
NacCl (0 to 10%, with intervals of 2.5%) was performed on
5339 medium (casein peptone, yeast extract and agar) as a
basic medium. Incubation was carried out at 30 °C for 10
to 15 days. Enzymatic characteristics were revealed on Api
Zym® and Api Coryne® plates [24—26] according to the pro-
tocol accompanying the kits. The preparation of the strains
selected for scanning electron microscopy was carried out
on agar containing a bacterial lawn fixed in glutaraldehyde
using cultures after growth for 4 weeks at 30 °C on ISP,
medium [27].

Genomic DNA Extraction, Amplification, Purification
and Sequencing of the 16S rRNA Gene

Genomic DNA extraction was performed by using 0.5 ml of
liquid culture using a DNA extraction kit (Stratec Molecular,
Invisorb Spin plant, mini Kit, Berlin, Germany) according
to the supplied protocol. Verification of the DNA extrac-
tion efficiency was performed by agarose gel electrophoresis
(0.8% of agarose gel, 70 V, 400 mA, 40 min). Once the
genomic DNA was extracted, amplification of 16S rRNA
was carried out in a thermocycler (Eppendorf, Mastercy-
cler gradient) using two universal primers (27F: 5'-AGT
TTGATCCTGGCTCAG-3' and 1492R: 5'-ACGGCTACC
TTGTTACGACTT-3") [28]. Cleanup was then carried
out using a cleanup kit (Macherey—Nagel, Nucleo Spin,
gel and PCR clean up, Diiran, Germany). The cleanup of
PCR products was confirmed by electrophoresis accord-
ing to the same previous conditions. Sequencing of PCR
products was performed using five primers, 27F, 518R,
1100F, 1100R and 1492R, at the DSMZ (Braunschweig.
Germany). The obtained DNA sequences were viewed and
edited by Geneouis software V7. The 16S rRNA sequence
similarities between the strains were calculated by pairwise
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alignment using the EzTaxon-e server [29]. Phylogenetic
trees were produced with the maximum likelihood [30] and
neighbour-joining algorithms [31] using Mega software V7
[32]. The stability of the topology of the phylogenetic trees
was evaluated by the 1000 repetition bootstrap method [33].
A distance matrix was generated using Kimura’s model of
two parameters [34]. All positions with gaps and missing
data were eliminated.

Extraction of Secondary Metabolites and Screening
of Biological Activities

Screening of Antimicrobial Activity of Crude Extracts

Screening of the antimicrobial activity of crude extracts
was accomplished for several pathogenic bacteria and fungi,
specifically three microscopic fungi, Gram-negative bac-
teria and Gram-positive bacteria. All selected pathogenic
strains were obtained from the DSMZ (German Collec-
tion of Microorganisms and Cell Cultures, Braunschweig,
Germany) and ATCC (American Type Culture Collection,
Manassas, VA 20110, USA).

To prepare the crude extracts, 20 ml of ethyl acetate
(Sigma-Aldrich, USA) was mixed with 20 ml of bacterial

observation after 24 and 48 h of incubation at different tem-
peratures [35].

Screening of the Antioxidant Activity of Crude Extracts

ABTS Radical Scavenging Assay To measure the antioxidant
capacity of the crude active extract by ABTS™ radical cation
inhibition, the method described by Surveswaran et al. [36]
was applied. ABTS™* generation was carried out by a chemi-
cal reaction between ABTS solution (7 mM) and potassium
persulfate solution (2.45 mM) for 16 h in obscurity and at
room temperature. The resulting solution (ABTS™) was
diluted in methanol (in a ratio of 1/50) in order to obtain an
absorbance of 0.700+0.005 at a wavelength of 734 nm. A
concentration of 3.75 pg ul~! of crude extract was prepared
at different volumes (25, 50, 75, 100 ul) and was reacted
with 3.9 ml of ABTS™* solution, and methanol was added to
achieve the same volume for all prepared solutions (4 ml).
After 10 min of reaction, the absorbance was measured
by a spectrophotometer set at 734 nm. Trolox (6-hydroxy-
2,5,7,8-tetramethylchroman-2-carboxylic acid) was used as
standard antioxidant at a concentration range of 0-500 pM.
Neutralization of the ABTS™ was calculated according to
the following formula:

Percentage of ABTS* radical scavenging = |absorbance of control| — |absorbance of sample| /|absorbance of control| x 100.

culture from the previously prepared selected isolate (cul-
ture incubated under agitation for 10 days in two different
liquid media, namely: 5294 and 5254). The mixtures were
agitated for 12 min, and then the media were separated by
centrifugation at 9000 rpm for 10 min. The solvent con-
taining the metabolites was subsequently transferred to a
rotavapor (Heidolph, Germany) in order to evaporate it
completely. Once evaporation was completely achieved, the
weight of the extract is calculated and then recovered in 1 ml
of methanol.

The measurement of antimicrobial activity was carried
out by microdilution in 96-well microplates. Three liquid
culture media were used: Mueller—Hinton (MH), Mycosel

DPPH Radical Scavenging Assay The antiradical activity of
the crude extracts was determined by a DPPH' radical scav-
enging assay according to the method adopted by Orpha-
nides et al. [37]. A volume of 3.9 ml of DPPH  solution
(0.3 mM) was mixed with 3.75 pg ul~! of crude extract dis-
solved in methanol at different volumes (25, 50, 75, 100 pl)
and incubated for 30 min in obscurity and at room tempera-
ture. Methanol volumes were added to achieve the same vol-
ume for all prepared solutions (4 ml). The absorbances were
then measured by a spectrophotometer set at 517 nm. Trolox
(6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid)
was used as standard antioxidant at a concentration range
of 0-500 puM. The neutralization of the DPPH' radical was
calculated according to the following formula:

Percentage of DPPH' radical scavenging = |absorbance of control| — |absorbance of sample| /|absorbance of control| X 100.

(Myc) and Middlebrook (Mid). The choice of medium was
determined for each of the pathogenic strains, for which the
concentration adjustment was set to 0.01 McFarland units.
The dose of extract in the well (A) of the first line corre-
sponded to 1 pl of extract from 14 pl of inoculated culture
medium. By successive dilution, the concentration decreased
twice in the wells (B—H). The results were obtained by visual

Fractionation of Crude Extracts by HPLC and LC-MS

Only the extracts showing good antimicrobial potency
were selected for HPLC fractionation. In this study, the
HPLC used was an Agilent 1100, with an X-Bridge C18
3.5 pm, 2.1 X100 mm Column (Waters, Milford, USA)
,and a DAD detector (200—400 nm). Initial pressure was
adjusted at 33 bar, and monitoring of the wavelength was
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located between 210 and 360 nm. The liquid phase was
composed of two elution buffers: A1 (950 ml of H,0O, 50 ml
of C,H;N +0.05 mM (385 mg 17') C,H,NO, +40 ul of
C,H,0,) and B2 (50 ml of H,0, 950 ml of C,H;N, 0.05 mM
(385 mg 17!) C,H,NO, +40 pl of C,H,0,). After 40 min, the
fractions were recovered in a 96-well microplate at a rate of
150 pl per well. Once fractionation was completely achieved,
a chromatogram showing the position of the fractions present
in the extract was obtained from the HPL.C. All obtained frac-
tions were evaporated in a MiniVap (Porvair Sciences, UK)
under heated nitrogen (40 °C). After drying the microplates,
each well was filled with 150 pl of inoculum containing
pathogen adjusted to 0.01 McFarland. After incubation for
24-48 h, the results were determined by visual observation.

To identify the active fractions, HPLC results were com-
pared with those obtained from LC-MS; the instrument
used was an LC-MS Agilent 1200 with a DAD detector
(200-600 nm) combined with a maXis mass spectrometer
(UHR-TOF, Bruker Daltonics, USA). The column was a
Waters Acquity UPLC BEH C18 (2.1 x50 mm, 1.7 pm).
The mobile phase was composed of two solvents: A (H,O
with 0.1% CH,0,) and B (CH;CN with 0.1% CH,0,) with
a flow rate of 0.6 ml min~"'. The equilibration time between
samples was 5 min [35].

Results
Selection of Isolated Strains

A total of approximately 54 distinct isolates, depending on
the colony morphology and pigmentation characteristics
of Actinobacteria, were isolated by the dilution method
on SCNA medium supplemented with nalidixic acid and
nystatin. All isolates were labelled from V, to V53 and
then stored at — 80 °C in 50% glycerol. In the present study,
only one isolate (V,) was selected due to its particular
cultural characteristics, indicating suspected production of
prodigiosins.

Phenotypic Characterization of Isolates

The isolate Vy,, was observed to be Gram positive, aerobic
with abundant mycelium and well developed in the substrate.
The aerial mycelium was typical of that of the Streptomyces
genus. Scanning electron microscopy allowed visualization of
the complex architecture of the isolate, and several morpho-
logical characteristics related to the colonies were observed:
the aerial mycelia was differentiated by fully matured spores
into long chains that were straight and flexible, and the spores
were in stick form with a rigorous and non-motile surface.
Complete septation of the air chains led to a collapse of
mature spores (Fig. 1 in Supplementary Material).
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The isolate V,,, showed good growth on GYM, ISP;,
ISP,, ISP, ISP;, SSM+T ,and SSM-T medium. Moderate
growth was observed on ISP, and ISP¢. The colour of the
aerial mass varied between yellow orange and red violet. No
diffusible pigment or melanin was observed in the medium.
The growth and colour of the aerial and substrate mycelia
of V, on ISP medium are described in Table 1 and Fig. 1
(Supplementary Material). The optimum temperature and
pH for mycelial growth were 30 °C and 7.0, respectively.
Vo2 showed significant growth in the absence and presence
of 2.5 and 5% NaCl, respectively, and possessed important
genetic material that allowed the strain to degrade the whole
range of carbohydrates as a single source of carbon (Table 2
and Fig. 1 Supplementary Material).

The enzymatic activity determined by the use of Api Zym®
and Api Coryne® showed significant enzymatic potential; Vi,
exhibited high enzymatic activities in the presence of leucin
arylamidase, valine arylamidase, cystine arylamidase, trypsin,
chymotrypsin, phosphatase acid, naphtyl-AS-BI-phosphohy-
drolase, phosphatase alcaline, beta galactosidase, alpha glucosi-
dase, N-acetyl-beta-glucoseamidase and alpha mannosidase.
The enzymatic activity of nitrate reductase, pyraziamidase, beta
glucuronidase, esculin and urease was almost negative. V.,
was unable to ferment sugars; however, it was able to hydrolyse
gelatine (Table 3 and Fig. 1 Supplementary Material).

Genotypic Characterization of V,

EzTaxon-e analysis of 16S rRNA gene sequences dem-
onstrated that the bacterial isolate labelled V,, should
be classified in the Streptomyces genus. The analysis also
showed that the sequence of Vy, (1509 bp) had high simi-
larity to Streptomyces lasiicapitis DSM 103124T (99.93%,
1/1494) and Streptomyces spectabilis DSM 405127 (98.96%,
15/1444). A phylogenetic analysis of maximum likelihood
confirmed the results (Fig. 1). The 16S rRNA gene sequence
of V), is deposited under accession number MH298058.

Evaluation of Antibacterial Activity
and Determination of Bioactive Compounds

According to the results presented in Table 1, EXtsyg4 voo2
presented low antimicrobial activity (A-B) against C. vio-
laceum, M. smegmatis and P. anomala, minimum inhibitory
concentrations (MIC) were 0.125, 0.125 and 0.25 pg pl~!,
respectively. An average antimicrobial activity (C-F) was
registered against B. subtilis, whereas high activity was reg-
istered against S. aureus Newman and M. luteus. Minimum
inhibitory concentrations were 0.781 X 1072, 0.195 x 1072
and 0.195 x 1072 pg ul™", respectively. Extsysy voop exhib-
ited moderate activity against B. subtilis. The active extract
(Extspg4 voon) Was subjected to HPLC fractionation and
LC-MS analysis to determine which compounds were active.
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Streptomyces gougerotii NBRC 3198T (AB184742)

ﬁi Streptomyces diastaticus subsp diastaticus NBRC 3714T (AB184785)
% Streptomyces rutgersensis NBRC 12819T (AB184170)

— Streptomyces intermedius NBRC 13049T (AB184277)

Streptomyces awreoverticillatus NRRL B-3326T (AY999774)

Streptomyces spectabilis NBRC 13424T (AB184393)

Streptomyces ambofaciens ATCC 23877T (CP012382)

Streptomyces coelicoflavus NBRC 15399T (AB184650)

— Streptomyces lienomycini LMG 20091T (4J781353)
Streptomyces rubrogriseus LMG 20318T (AJ781373)
—— Streptomyces coelescens DSM 40421T (AF503496)

87
V002
63
— Streptomyces lasiicapitis DSM 103124T (KX777589)
99
77
51
P

0.0020

Fig. 1 Neighbour-joining tree based on 16S rRNA gene sequences
showing the relationship between strain V), and the related taxa.
Numbers at nodes are bootstrap values (percentages of 1000 replica-

tions); only values >50% are shown. Asterisks indicate branches that
were also recovered in the maximum likelihood tree. Bar, 0.0020
nucleotide substitutions per site

Table 1 Screening of the
antimicrobial activity of crude
extracts (EXtsysy voop and

Dilution stages (A-H)* and MIC

Strain Vy,

Frlsaoavo0n) Extsys;  BExtsy,  MICsys (g pl™)  MICs, (ug pl™h)
E. coli DSM1116 - - - -
E. coli TolC - - - -
Chromobacterium violaceun DSM 30191 - B - 0.125
Pseudomonas aeruginosa PA14 - - - -
Staphylococcus aureus Newman - H - 0.195%x 1072
Micrococcus luteus DSM 1790 - H - 0.195%x 1072
Mpycobacterium smegmatis ATCC 700084  — B - 0.125
Mucor hiemalis DSM 2656 - - - -
Pichia anomala DSM 6766 - A - 0.25
Candida albicans DSM 1665 - - - -
Bacillus subtilis DSM 10 D F 0.312x 107! 0.781x 1072

MIC, minimum inhibitory concentration; —, no activity

#The dilution steps represent the successive dilution of crude extracts from well B until well H

The range of the inhibited wells after fractionation of
EXtsy94 vooo revealed that the fractions exerted strong antimi-
crobial activity against S. aureus, M. luteus, B. subtilis and
C. violaceum For B. subtilis, the correlation test between the
peak activity of Exts,o, v, after HPLC fractionation (Fig. 2
Supplementary Material) and the LC-MS chromatogram
(Fig. 3 Supplementary Material) revealed that the active
fractions were obtained between 21.5 and 34 min, and the
LC-MS data suggested that the peaks correlated with spec-
tinabilin, undecylprodigiosin and metacycloprodigiosin. For

M. luteus and S. aureus, peak data from HPLC and LC-MS
revealed that active fractions were located between retention
time 26.5 and 33.5 min, which suggested that metacyclopro-
digiosin was the active fraction against these pathogens. For
C. violaceum, peak data from HPLC and LC-MS revealed
that the active fractions were obtained between 24 and
25 min, which suggested that spectinabilin was the active
fraction.
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Table 2 Antioxidant activity of crude extracts obtained from ExXtsyg4 voon

Extract Antioxidant activity of Extsyg4 voo2
volume (ug — - — -
) DPPH radical scavenging ABTS'™ radical scavenging
Antioxidant activity (%) ICs, (ug pI™") ICsy-trolox (ug ul™')  Antioxidant activity (%) 1Cs, (ug pl™") IC5p-trolox (ug ™)
0.023 7.39+0.41 0.834+0.04  0.25107+0.03 7148 £1.30 5.8107+0.001 0.98 107+0.1
0.046 13.24+1.43 96.25+0.82
0.070 18.06+0.36 96.14 +0.25
0.093 25.45+0.29 97.43+0.87

IC5, the half maximal inhibitory concentration

Antioxidant Activity of Crude Extracts

The antioxidant potential of Exts,9,4 yvoo, as revealed by
DPPH and ABTS™ radical assays is presented in Table 2.
The figure clearly shows that the volume range between 25
and 100 pl had significant antioxidant activity, which was
visible by a change in the solution colour. The percentage
of ABTS™* radical scavenging ranged from 71.48 +1.30% to
97.43 +0.87%. The ABTS* radical assay showed consistent
activity between 50 to 100 pl. The percentage of DPPH' radi-
cal scavenging ranged from 7.39+0.41% to 25.45 +0.29%.

Discussion

Microorganisms of the genus Streptomyces are considered
potential producers of secondary metabolites with interest-
ing biological activities and beneficial effects on human
health. The research and exploitation of Streptomyces
from unexplored environments is one of the most effective
approaches for discovering new bioactive metabolites [28].
Streptomyces sp. V, was isolated from El-Ogbane forest,
located in the semi-arid zone in Algeria; this forest contains
plants and trees with muddy soils in winter and high tem-
peratures in summer. The river that divides the forest cre-
ates a unique environment that contains a diversity of flora,
freshwater sediments and microorganisms.

The search for new strains producing spectinabilin and
prodigiosins requires reliable screening and identification.
Despite the specificity of the 16S rRNA region, a dendro-
gram showed that Streptomyces sp. V, had a high con-
cordance with the grouping and topology of S. lasiicapitis
and S. spectabilis; however, the comparison of cultural and
biochemical characteristics revealed the dissimilarity of both
types of strains. LC—MS results demonstrated that Strep-
tomyces sp. V, isolated from the sedimentary lands on
the banks of the forest river was considered a new producer
of spectinabilin, metacycloprodigiosin and undecylpro-
digiosin; however, S. lasiicapitis identified by Ye produced
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kanchanamycin [38], and S. spectabilis produced spectina-
bilin and metacycloprodigiosin [13, 39].

Only a few compounds containing nitro groups are known
and among them is spectinabilin which is a rare polyketide
metabolite substituted with a nitrophenyl group; also, few
studies have unveiled the antimicrobial activity of spectinabi-
lin, metacycloprodigiosin and undecylprodigiosin [40]. Eval-
uation of the antimicrobial activity of secondary metabolites
of crude and fractionated extracts revealed good inhibitory
activity. Spectinabilin possesses significant biological activi-
ties against P. falciparum K1 [39], and this compound also
has significant nematocidal activity against Bursaphelenchus
xylophilus, with an LCs; equal to 0.84 g ml~! [41]. Spectina-
bilin isolated from Streptomyces sp. ZQ4BG demonstrated
suppression of C. albicans with an MIC of 12.5 pg ml™" [42].
The antimicrobial activity of undecylprodigiosin was con-
firmed in the study of Stankovic and his team, in which the
compound was able to inhibit the growth of M. luteus and B.
subtilis at a concentration of 50 ug ml~!, while for C. albi-
cans ATCC 10231 and C. albicans ATCC 10259, the inhibi-
tion concentrations were 100 and 200 pg ml™!, respectively
[43]. In the study of Zainal Abidin et al., undecylprodigiosin
demonstrated strong antibacterial activities against S. aureus,
B. subtilis and C. albicans, with algicidal activity against A.
minutum and P. bahamense [44]. Metacycloprodigiosin is
known for its anti-malaria activity [39], and it also induces
cell death in B-catenin-mutated tumour cells [45]. Metacy-
cloprodigiosin and undecylprodigiosin possess anticancer
activity against several human cancer cell lines (P388, HL60,
A-549, BEL-7402 et SPCA4) [46].

The complexity and multifunctionality of bioactive
compounds in an extract make it difficult to choose a sin-
gle assay to detect antioxidant activity, although the anal-
yses performed by DPPH and ABTS™ radical scaveng-
ing assays are robust and simple to perform [28]. In this
study, both assays were used for a preliminary screening
to determine the antioxidant capacity of the crude extract.
The antioxidant reactions were measured by a hydrogen
atom transfer or an election transfer on probe molecules
[47]. The most active crude extracts against selected
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microorganisms revealed good antioxidant potential, and
these results may be pursued by further research to deter-
mine which compound is more active than the others and
to develop important products. The radical scavenging
activity of the extract was proportionally related to the
compositions of secondary metabolites and the concentra-
tion of bioactive compounds, which was corroborated by
Tan and his team, who said that antioxidant activity cor-
relates with content for bioactive compounds [28].

Several studies reported that extracts from Streptomyces
provided antioxidant potential; Raghava Rao and Raghava
Rao [48] demonstrated that Streptomyces isolated from
mangrove soil of the Visakhapatnam region was endowed
with antioxidant activity, while another study confirmed
our findings and stated that ethyl acetate extract obtained
from Streptomyces sp. AM-S1 possessed antioxidant
potential against DPPH and ABTS™* with ICs, values
of 90.2 and 13.2 ul ml~!, respectively [49]. Streptomy-
ces Vg, 1s recognized as a good source of antioxidants.
With the results obtained, these antioxidants may prevent
the progression of various disorders related to oxidative
stress, and they have good potential to avoid cell dam-
age resulting from a redox imbalance following the rise
of O, products after exceeding the cell defence capacity
[28]. Undecylprodigiosin has demonstrated its antioxi-
dant activity against the oxidation of linoleic acid [43],
and it can also exert gastroprotective effects and attenuate
induced gastric lesions via antioxidant and anti-inflamma-
tory mechanisms by decreasing the levels of inflammatory
mediators and apoptotic markers [50].

Adaptation of microorganisms of the El-Ogbane forest
to climatic and environmental conditions allows them to
develop metabolic capacities and to synthesize prodigious
compounds that allow them to survive in this forest ecosys-
tem. In this study, the ability of Streptomyces sp. V, iso-
lated from sedimentary lands on the banks of the forest river
to produce spectinabilin, undecylprodigiosin and metacy-
cloprodigiosin was confirmed. Previously published results
strongly suggest that the three substances could be selected
as important lead molecules for the development of chemo-
therapy treatment. The present study has demonstrated the
antimicrobial and antioxidant activities of the three mol-
ecules, which clarifies their importance with the producing
strain. In-depth investigation of the underlying mechanism of
the antimicrobial effect of spectinabilin, undecylprodigiosin
and metacycloprodigiosin would be valuable in the future.
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