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BIOLOGICAL ACTIVITIES OF Streptomyces sp. BTS40 ISOLATED FROM
THE RHIZOSPHERE OF Artemisia herba-alba Asso
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Abstract. Actinobacteria isolated from the rhizosphere of plants are of interest as they produce a diverse range of molecules,
such as antibiotics and enzymes. This study investigates the antibacterial activity, plant growth-promoting (PGP) abilities as well as
the production of extracellular enzymes by the actinobacterial strain BTS40. This strain was isolated from the rhizospheric soil of
the medicinal plant Artemisia herba-alba Asso that was naturally grown in a semi-arid environment. Morphological characteristics
showed that the strain BTS40 belongs to the genus Streptomyces. Analysis of BTS40’s 16S rRNA gene sequence showed 99.45%
similarity to Streptomyces alboniger NRRL B-1832", in the EzTaxon database. This actinobacterium showed only antibacterial
activity against Gram-positive bacteria. The strain also showed potential multiple traits for plant growth promotion and hydrolysis
of enzymes. Hence, this study reveals that strain BTS40 has multiple PGP traits and produces many extracellular hydrolytic

enzymes.
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INTRODUCTION

The plant rhizosphere represents a rich reservoir for
organisms including bacteria, fungi, oomycetes,
nematodes, protozoa, algae, viruses, archaea,
arthropods and actinobacteria [38]. Microorganisms
present in the rhizosphere are critical for host plant
nutrient acquisition, development, tolerance to diverse
abiotic and biotic stresses [35].

Actinobacteria are Gram-positive, filamentous and
spore-forming microorganisms that participate actively
in many Dbiological processes like recycling
biomolecules, the biogeochemical cycles,
bioremediation and producing diverse compounds that
have agricultural and pharmaceutical applications [48].
They are known as plant growth-promoting
rhizobacteria (PGPR) that produce diverse and efficient
natural bioactive metabolites including plant growth-
promoting substances that directly modulate plant
hormone levels or help in nutrient uptake (phosphorus,
potassium, etc.) or indirectly by protecting plants from
pathogens in the forms of biocontrol agents or
production of cell wall degrading enzymes [2, 17, 38].

One of the major producers of biologically
important molecules is members of the genus
Streptomyces which can be found in different
environments, including soil [8, 14, 32], sediments
[52], plants [30], algae [15], animal feces [25] and
rhizosphere soil [6, 20]. It was reported that the
abundance of Streptomyces was much higher in the
rhizosphere than in the bulk soil [28, 34]. In addition,
more than half of the antibiotics used nowadays are
produced by Streptomyces species [36, 45]. The genus

Streptomyces, which was first proposed by Waksman
and Henrici (1943) [54], has 1105 species with validly
published names found in the List of Procaryotic
names with Standing Nomenclature
(http://Ipsn.dsmz.de/genus/streptomyces). Research on
Streptomyces species is of current interest as they are
producers of pharmaceutically bioactive compounds
like antibiotics, antitumor and immunosuppressive
agents as well as several important enzymes [49].

The Algerian untapped habitats represent different
ecosystems that can harbor an actinobacterial diversity
with biological activities that are worthy of being
explored. One of the plants that to our knowledge have
not been explored for their culturable actinobacteria
associated with its rhizosphere is Artemisia herba-alba
Asso from the Asteraceae family. Its a greenish-silver
perennial medicinal plant that is commonly known as
white wormwood or desert wormwood in English [44].
A. herba-alba Asso grows in arid areas of the
Mediterranean region spreading into Middle-East,
North-Western Himalayas and India, while it is widely
distributed in the arid areas, steppes and Sahara of
Algeria [11, 53]. This plant is used in both traditional
as well as in contemporary medicine for its biological
activities including analgesic, antibacterial,
antispasmodic, hemostatic and others [39].

Therefore in this study, we isolated from the
rhizosphere of A. herba-alba Asso the strain BTS40
that was screened for certain biological activities.
According to 16S rRNA sequence analysis, combined
with morphological, cultural, physiological and
biochemical characteristics, the taxonomic status of the
strains was determined. We investigated the in-vitro
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antagonistic activity against some Gram-positive and
Gram-negative bacteria, plant growth-promoting traits
as well as hydrolytic enzymes production by strain
BTS40.

MATERIALS AND METHODS

Site selection and sampling

Strain Streptomyces sp. BTS40 was isolated from
rhizospheric soil attached to the roots of A. herba-alba
Asso that was collected from a natural site in Ghasrou,
Batna  province (Algeria) (GPS  coordinates:
35°35'47.8"N, 5°74'1.55"E). In addition, 1 kg of bulk
soil was randomly collected from a 50 m® area at a
depth of 5 to 20 cm after removing the topsoil. The soil
was placed in a sterile plastic bag and then used for
determining physico-chemical properties. The samples
were transported in an icebox to Laboratoire de
Biologie des Systémes Microbiens (LBSM) at the
Ecole Normale Supérieure, Kouba (Algiers, Algeria)
where they have been stored at 4°C pending analysis.
Soil physico-chemical analysis

The physico-chemical analyses of the soil sample
that was collected from the sampling sites was carried
out at the Laboratory of the National Bureau of Studies
for Rural Development (BNEDER), Bouchaoui
(Algiers, Algeria). The soil pH and electrical
conductivity were determined with a 1:5 mixture (soil:
water) by potentiometry using a calibrated pH meter
(ISO 10390, 2005) and a calibrated electrical
conductivity meter, respectively (AFNOR NF ISO 10-
970). The soil organic carbon content was determined
using sulfochromic oxidation colorimetry (ISO 14235,
1998). The total carbon [AFNOR NF ISO 10-694],
Cation Exchange Capacity (CEC) [AFNOR NF ISO
23-470] and particle size distribution (soil texture)
(AFNOR NF X 31-107) were also determined. All the
physic-chemical analyses were performed in triplicate
and the results are given in Table 1.
Isolation and maintenance of the actinobacterium

The isolation of the actinobacterium from the
rhizospheric soil sample of A. herba-alba Asso was
carried out as recommended by Hayakawa and
Nonumura on the surface of Petri dishes containing
Chitin-Vitamins-B agar medium [22] supplemented
with nalidixic acid (50 pg/mL) and cycloheximide (80
pug/mL). The samples were diluted ten-fold in sterile
distilled water and 100 pL from the 10 dilution was
spread onto the medium (two plates per dilution). After
an incubation period of 21 days at 28 + 2°C, one
colony that was observed under the light microscope
(Zeiss) (X40) showed an  Actinobacteria-like
morphology was named BTS40. The isolate was
picked up, purified on International Streptomyces
Project (ISP) medium 2 [47] and then was maintained
at 4°C.
Morphological, cultural and physiological analysis

The macro and micro-morphological characteristics
were studied after growth of the actinobacterium at 28
+ 2°C for 21 days on five culture media (Agar tryptone

yeast extract (ISP1), Agar yeast-malt extract (ISP2),
Agar starch and inorganic salts (ISP4), Tryptic soy
Agar (TSA) and Potato Dextrose Agar (PDA) [47].
The characteristics evaluated were; growth rate, the
formation and color of aerial spore mass and substrate
mycelia with the ISCC-NBS color chart used to
determine the colony color [27].

A 15 days culture of strain BTS40 at 28 + 2°C was
grown on ISP2 medium was used to cut 1 cm’
fragments that were dried in the oven for 24h at 45°C.
Then, the samples were observed under a Scanning
Electron Microscope (SEM Quanta 400 FEI -
providing 30KV of acceleration).

The growth of BTS40 on ISP2 medium was
monitored for 10 days at different temperatures (20, 30,
40 and 50°C; pH 7), a pH range of 4 to 12, and
different NaCl concentrations (0, 1, 2, 3, 4, 5, 6, 7, 8
and 9 % w/v; pH 7) [3].

The conducted biochemical tests and evaluation of
acid production from carbohydrates were assessed as
described by Gordon et al. (1974) [19] and Cappuccino
and Sherman (1998) [10].

Identification by 16S rRNA sequence analysis

The actinobacterium was identified based on 16S
rRNA gene sequencing conducted at Macrogen Ltd.
(Netherlands).  Identification of the  nearest
phylogenetic neighbors was carried out using the
EzTaxon database (http://eztaxon-e.ezbiocloud.net/)
[29]. The aligned sequences were used to reconstruct
the phylogenetic tree using the neighbor-joining
method by MEGA version 7 [46]. The evolutionary
distance matrix was generated as described by Jukes
and Cantor (1969) [26] and bootstrap analysis was
carried out with 1000 replications.

In-vitro antibacterial activity

The in-vitro antagonistic ability of strain BTS40
against five tests microorganisms that were obtained
from the LBSM bacterial collection, namely;
Staphylococcus aureus (MRSA 639c), S. aureus
(ATCC 43300), S. aureus (ATCC 6538), Bacillus
subtilis (ATCC 6633), Listeria monocytogenes (ATCC
13932), Pseudomonas aeruginosa (ATCC 7029) and
Escherichia coli (E52) was tested using the agar
diffusion method. It consists of inoculating the
actinobacterial isolates by tight streaks on the surface
of the ISP2 medium and incubating at 28 + 2°C. After
ten days, agar cylinders of 10 mm in diameter were
taken from the culture of actinobacteria and were
placed on the surface of a semi-solid ISP2 medium (12
g/L) which was previously seeded with one of the
tested bacteria (10’ UFC/mL). The appearance of an
inhibition zone after 48 h of incubation was recorded
as a positive result [7].

Screening for PGP traits and the production of
extracellular enzymes

The strain BTS40 was screened qualitatively for
some PGP traits like ACC deaminase activity,
inorganic phosphorus and potassium solubilization,
ammonia, siderophores and hydrogen cyanide HCN
production as described by Boubekri et al. (2021) [9].
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In addition, the production of extracellular enzymes, ie:
cellulase, protease and amylase was evaluated. The
actinobacterium was spot inoculated on agar plates
amended with the respective substrates: carboxymethyl
cellulose, casein and starch and was incubated for 10
days at 28 £ 2°C [37].

The enzymatic activity was detected by measuring
hydrolysis halos and the diameter of colonies in two
directions. The solubilization index (SI) was
determined by measuring the halo (clear zone)
diameter and the colony diameter, using the following
formula:

SI = Colony diameter + Halo zone diameter/Colony
diameter [16].
Data analysis

The data were presented as Mean # Standard

Deviation (SD) of triplicate experiments.

RESULTS

Physico-chemical characteristics of soil

The physical and chemical parameters of the soil
were performed and the results were presented in Table
1. The pH of the soil was almost neutral (7.59), the
color of the soil was recorded as brown and the texture
was loamy clay. The organic carbon and the organic
matter contents of the soil were recorded as 1.08% and
1.85%, respectively. This soil had a 0.27 mmhos/cm
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EC which indicates its non-salinity and a medium
Cation Exchange Capacity (CEC) of 14.10 meq/100g.
Identification and characteristics of the strain
BTS40

The strain BTS40 had medium brown colonies
(substrate mycelium) with white spores (aerial
mycelium) on ISP2 agar medium. Very good growth
was observed on all used culture media with the results
are presented in Figure 1 and Table 2. Strain BTS40
produced diffusible pigments of different colors
depending on the used culture media.

As presented in Table 3, different biochemical,
physiological and cultural characteristics are observed
for strain BTS40. Strain BTS40 was capable to degrade
gelatin and the test of urease was negative. It did not
produce H,S but was capable of nitrate reduction and
the test of catalase was positive. Among the
compounds tested in this study, strain BTS40 used D-
glucose,  D-fructose, L-arabinose, = D-mannose,
mannitol, maltose, inositol, sorbitol, L-rhamnose, D-
saccharose, glycerol, D-ribose, D-xylose, melbiose,
amygdaline, dulcitol and D-cellobiose as carbon
sources. The studied strain is halotolerant with growth
on ISP2 supplemented with NaCl at a concentration
range of 0 to 6% and growth occurred at 10 to 40°C
(optimum at 28°C) and a pH 4.0-10.0 (optimum at pH
7.2) (Table 3).

Table 1. Physico-chemical properties of the analyzed soil

Batna Site name

Province

pH (1/5) Carbon (%)

Organic matter

(%)

Soil characteristics
Cation Exchange Capacity
(meq/100g)

Electrical conductivity

(mmhos/cm) Texture

Ghasrou 7.59+0.03 1.08 £ 0.01

1.85+0.01

14.10£0.18 0.27 £0.02 LC

# Texture according to United States Department of Agriculture (USDA): C: clay; L = loam; S = sandy; SL = sandy loam; LC: loamy clay. Results are presented as mean

values + SD.

Table 2. Morphological characteristics of strain BTS40 on different culture media after 14 days of incubation at 28°C

Agar Aerial

Possible genus

medium Growth rate mycelium Substrate mycelium Pigmentation identification
ISP1 Very good white Brown Light orange
ISP2 Very good White Medium brown with green color ~ Dark brown

BTS40 ISP4 Very good Beige Yellow Orange Streptomyces
TSA Very good Beige Light beige yellow Brown
PDA Very good Yellow Dark yellow Brown

Figure 1. Macroscopic appearance (a) and scanning electron microphotograph (b) of strain BTS40 after cultivation on ISP2 agar medium at 28°C for
15 days of incubation with the photograph of the spores was taken by SEM. Bar 5 um.
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The alignment of the 16S rRNA gene sequence
(1448 nucleotides) of strain BTS40, deposited in
GenBank under the accession number OK255502, with
those of Streptomyces reference species available in the
EzTaxon-e server can be seen in the neighbor-joining
dendrogram (Figure 2). The phylogenetic analysis
revealed that strain BTS40 is 99.45% similar to
Streptomyces alboniger NRRL B-1832"[43].
Antibacterial activity

The strain BTS40 showed no antibacterial activity
against the tested strains of Gram-negative bacteria and
low antibacterial activity against the Gram-positive

bacteria tested in this study using the disc diffusion
method on ISP2 medium (Table 4).
Screening for PGP traits and extracellular enzymes
production

It was found that the strain BTS40 was positive for
ACC deaminase activity; it solubilized P and K as well
as produced ammonia, siderophores and HCN (Table
5). Strain BTS40 was tested for its ability to produce
cell wall-degrading enzymes shown in Table 5 and
Figure 3. The obtained results showed a positive
production of cellulase, protease and amylase.

Table 3. Biochemical, physiological and cultural characteristics of strain BTS40

Properties Streptomyces sp. BTS40

Properties  Streptomyces sp. BTS40

Biochemical tests

Effect of temperature (°C) on ISP2

Gelatin hydrolysis  + 10 +
Urease test - 20 ++
Nitrate reduction + 30 +++
H,S production - 40 ++
Catalase + 50 -
Carbon-source utilization Effect of pH on ISP2
D-Glucose + 4 +
D-Galactose - 5 ++
D-Fructose - 6 +++
L-Arabinose + 7 +++
D-Mannose + 8 ++
Mannitol + 9 ++
Maltose - 10 +
Inositol + 11 -
Sorbitol + 12 -
L-Rhamnose - Effect of NaCl (%) on ISP2
D-Saccharose + 0 +++
Glycerol + 1 +++
D-Ribose + 2 ++
D-Xylose - 3 ++
Melbiose - 4 +
Amygdaline - 5 +
Dulcitol + 6 +
D-Cellubiose + 7 -

+, Positive reaction; —, negative reaction. For effects of T°, pH and NaCl: + + +, good growth; ++, moderate growth; +, poor growth; -, no growth

BTS40

Streptomyces resistomycificus NRRL ISP-513 3 (JOBA01000220)
Streptomyces chartreusis NBRC 12753 ' (AB184839)
Streptomyces phaeoluteigriseus DSM 41 896 (MPOHO01000466)
Streptomyces bobiliNRRL B-133 g (MUBAO01000087)
Streptomyces plumbiresistens CCNWHX 1 3;_— 160" (EUS526954)
Streptomyces pseudovenezuelae DSM 40212 (KQ948163)
Streptomyces canus DSM 4001 7 (KQ948708)

Streptomyces alboniger NRTRL B-1832" (LIQN01000245)
Streptomyces adustus WH-9 (LC026279)

Streptomyces rhizosphaerihabitans JR-3 5 (HQ267983)
treptomyces cinnabarigriseus JS3 60" (MF536523)
Streptomyces griseochromogenes ATCC 1451 1 (CP016279)
Streptomyces cellostaticus DSM 401 89" (KQS48097)

L Streptomyces davaonensis ICM 4913 1;_(H15971709)
Actinomadura madurae IFO 14623 (NR115626)

Figure 2. Phylogenetic tree of the strain Streptomyces sp. BTS40 and the most related type strains species based on 16S rRNA gene sequences. The
evolutionary history was inferred using the Neighbor-Joining (1987) method [46]. The optimal tree with the sum of branch length =
0.16512605 is shown. The evolutionary distances were computed using the Maximum Composite Likelihood (2004) method [51] and are
in the units of the number of base substitutions per site. The analysis involved 16 nucleotide sequences. Codon positions included were 1%
+2M + 3 + Noncoding. All positions containing gaps and missing data were eliminated. There were a total of 1405 positions in the final

dataset. Evolutionary analyses were conducted in MEGA7 [31].
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DISCUSSION

The rhizosphere which is the narrow zone of soil
that surrounds and is influenced by plant roots is
inhabitant by an important number of microorganisms
[42]. In Algeria, previous studies of different host
plants reported the presence of actinobacteria in their
rhizosphere [4-5, 13, 40]. Like many plants, the
rhizosphere of A. herba-alba Asso is colonized by
actinobacteria that is unexplored for microbial natural
product discovery. In this study, the antibacterial
activity and the PGP traits of strain BTS40 that was
isolated from the rhizospheric soil of A. herba-alba
Asso a medicinal plant from the semi-arid and arid
environments of Algeria were investigated. The results
illustrated that the studied actinobacterium is an
important microbial source of multiple beneficial traits
worthy of exploration.

The Streptomyces genus continues to be a focus in a
systematic research point of view as it encompasses a
large number of isolates that are closely related and can
be difficult to distinguish between them [21]. It
constitutes a major clade of the phylum Actinobacteria
that have remarkable diversity in morphology, genomic
size, G + C DNA content and is an important source of
bioactive natural product synthesis [34].

The 16S rRNA sequence of strain BTS40 was
found to be closely related to Streptomyces alboniger
NRRL B-1832" [43] with a sequence identity of
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99.45%.  Similar  carbon-utilization profile to
Streptomyces alboniger NRRL B-1832", as both strains
were able to use glucose, arabinose, inositol and
mannose whereas they could not use xylose, fructose
and rhamnose (https://bacdive.dsmz.de/strain/14940).

The screening for the antimicrobial activity against
some clinical test bacteria showed the activity of strain
BTS40 against only the Gram-positive bacteria tested
(different strains of S. aureus, B. subtilis and L.
monocytogenes). This might be supported by the fact
that the extract of Streptomyces alboniger was reported
to contain pamamycins, a group of polyketides that
induce sporulation in Streptomyces and inhibit the
growth of Gram-positive bacteria, Mycobacterium
tuberculosis and fungi [41]. Different studies have
been carried out in order to screen for antagonistic
strains of Streptomyces. Barakate et al. (2002) [6]
found that most of the isolates (83%) of Streptomyces
isolated from rhizosphere soils of medicinal plants
were active against one or more of the organisms tested
in their study.

Plant growth-promoting rhizobacteria (PGPR) are
searched by researchers because of their sustainable
characteristics in agriculture as their potential use in
practice helps in the reduction of the application of
polluting fertilizers and pesticides [23]. The studied
strain BTS40 showed multiple features of plant growth
promotion. It was found to have ACC deaminase
activity, one of the major mechanisms of PGPB in

Table 4. In-vitro antibacterial activity of strain BTS 40 by the disc diffusion method on ISP2 medium

Antibacterial activity”

Isc(‘;l;lete S. aureus S. aureus S. aureus B. subtilis L. monocytogenes P. aeruginosa E. coli
(MRSA 639c¢) (ATCC 43300) (ATCC 6538) (ATCC 6633) (ATCC 13932) (ATCC 7029) (E52)
BTS40  + + + + - -
? Inhibition zone expressed as (+< 10 mm; 20>++>30+++).
Table 5. Plant growth-promoting traits and enzymatic activity of strain BTS40
Isolate code PGP characteristics Hydrolytic enzyme production
d ACC ! b'Il)'- . ! bﬁ- . Id\IH3. Siderophores HCN | Cellulase Protease Amylase
BTS40 eaminase  solubilization  solubilization  production
+ 1.15+0.04 1.12+0.07 +++ ++ + 1.34+0.04 2.32+0.07 1.73+0.13

Production of siderophores and ammonia shows the intensity of orange/pink color halo or yellow/brown color, respectively (+ weak, ++ medium and +++ strong) on blue
agar medium CAS and peptone water broth, ACC and HCN were classified as positive (+) or negative (-).

= ¢

Figure 3. Images showing hydrolysis halos produced by strain BTS40: cellulase (a), protease (b) and amylase (c).
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promoting plant growth. It is well known that bacteria
that have ACC deaminase activity help in the reduction
of the level of stress ethylene for plants [18].

As nutrients are the main factors limiting plant
growth, the search for inorganic phosphate and
potassium solubilizers is necessary in order to improve
the amount of soluble phosphorus and potassium in soil
and to meet the requirements of growing plants [1].
These authors reported that all the 10 strains of
Streptomyces were P and K solubilizers.

The strain BTS40 was able to produce ammonia
and therefore supply nitrogen to the host. Also, this
strain was positive for the production of siderophore
compounds that are potential plant growth promoters
and disease suppressors [50]. Strain Streptomyces
CMU-SK126 isolated from Curcuma mangga
rhizosphere soil showed a high ability to produce
siderophores [28].

The hydrogen cyanide was produced by strain
BTS40, this compound is reported to have a role in the
suppression of plant disease. Husen et al. (2011) [24]
reported Streptomyces sp. LSWO0S5 strain as a potent
HCN producer. Similar results were obtained by
Anwar et al. (2016) [3] where they found that from six
isolates that were producers of siderophores,
Streptomyces sp. WA-1 and S. djakartensis TB-4
displayed the highest amount of HCN production.

In this study, the activity of the hydrolytic enzymes
was investigated for strain BTS40. The results showed
that BTS40 was positive for the production of
cellulase, protease and amylase. As stated by
Dhanasekaran et al. (2008) [12] and Latha et al. (2009)
[33], Streptomyces species that can produce hydrolytic
enzymes can inhibit the growth of soil-borne plant
pathogens. PGPR can affect crop growth also indirectly
by preventing and reducing the effect of soil-borne
plant pathogens through the production of
antimicrobial compounds and extracellular enzymes.

The present study revealed important insights into
some biological activities of the strain Streptomyces sp.
BTS40, an actinobacterium that was isolated from the
rhizospheric soil of A. herba-alba Asso. This strain
showed antibacterial activity against Gram-positive
bacteria and displayed multiple PGP traits which could
be wuseful for application in further studies on
antimicrobial agents or in the application for
agricultural practices.
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