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Rare actinomycetes from diverse habitats are continued to be

Received 111 - 05-2020 isolated and screened for their novel bioactive compounds. The
Revised : 10-06 - 2020 present study aims to molecular, morphological and physiological
Accepted  : 16 —07 —2020 characterisation of two rare actinomycetes isolated from an Iraqi

soil. Based on the 16S rRNA gene sequencing, the two isolates were
categorized into two different rare genera Actinoplanes and
Amycolatopsis that were designated as Actinoplanes sp. MOSUL
and Amycolatopsis sp. MOSUL respectively. Phylogenetic trees
analyses revealed that Act. sp. MOSUL was closely related strain to
Act. xinjiangensis (jgi.1107663; identity 96.75%) and Act. lobatus
(AB037006; identity 96.76%), and Amy. sp. MOSUL was most
related to Amy. bullii (HQ65173099; identity 99.71%) and Amy.
tolypomycina (FNSO01000004; identity 99.26%). The two rare
isolates had different morphological properties when grown on
International Streptomyces Project (ISP) media, and different
physiological and biochemical patterns when grown on Minimal
Medium (MM) agar alone or supplemented with different carbon or
chemical sources. The ribosomal 16S gene sequences of both Act.
sp. MOSUL and Amy. sp. MOSUL strains were submitted to the
National Center for Biotechnology Information (NCBI) and
deposited in the GenBank database under the accession numbers
MNO095717 and MN095769 respectively.
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1. INTRODUCTION Banoon et al., 2019) for novel pharmaceutical

Actinomycetes are Gram-positive aerobic
bacteria. Compared with other bacteria, they have
large linear genomes and high guanine and cytosine
(GC) content, which form an extensive branched
mycelium fragmenting into non-motile spore chains
(Ké&mpfer, 2006). They are prevalent in soils, where
they play a vital role in the cycle of organic carbon
substances. They constitute about 20 per cent of the
microbial flora in the soil and their diversity often
depends on environmental conditions (Barka et al.,
2016).

Actinomycetes are renowned for being a rich
source of bioactive chemical compounds with great
potential for medical and pharmaceutical
applications. Although the isolation of terrestrial
actinomycetes has been started extensively in the
early 1950s, researchers from all around the word
are continuing of isolating and discovering of new
and rare actinomycetes (Qin et al., 2009; Kruasuwan
et al., 2017; Singh et al., 2018; Benhadj et al., 2019;

compounds and for combating human pathogens.

Rare actinomycetes are described as
actinobacteria in which the isolation rate using
traditional methods is lower than the genus of
Streptomyces such as Actinoplanes, Amycolatopsis,
Actinomadura, Dactylosporangium,
Kibdelosporangium, Kitasatospora, Microbiospora,
Planomonospora, Planobispora,  Salinispora,
Streptosporangium, and Verrucosispora (Lazzarini
et al., 2000). The number of genera of rare
actinomycetes has further been increased (Tiwari
and Kupta, 2013).

The genus Actinoplanes was first established
by Couch (1950). The type species of the genus
Actinoplanes is Act. philippinensis Couch 1950 and
currently includes 52 species with valid published
names (Parte, 2018). Otherwise, the genus
Amycolatopsis was described by Lechevalier et al.
(1986) and the type species of the genus
Amycolatopsis is Amy. orientalis. The genus
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consists of 87 recognised species and 4 subspecies
(Parte, 2018), most of which have been isolated
from terrestrial environment sites during the last few
years using a range of phenotypic and genotypic
characteristics (Zucchi et al., 2012; Klykleung et al.,
2015; Jamjan et al., 2018; Peng et al., 2019).

This study was carried out in order to isolate
rare actinomycetes from Iragi soils and to conduct
the methodology of the ribosomal 16S rRNA gene
for molecular identification to species level and to
elucidate their morphological, biochemical and
physiological features.

2. RESEARCH METHODS
a. Selective Isolation

Soil samples at depth of 10 cm were
aseptically collected from grassland area belonging
to Mosul University campus located in Mosul city,
Irag. The soil samples were smashed, thoroughly
mixed and large debris removed to obtain fine
particles from the soil. For Act. sp. MOSUL and
Amy. sp. MOSUL isolation, the soil samples were
treated with dry heat treatment at 120°C for one
hour. The heated samples (1.0 g) were then treated
with sterile powdered calcium carbonate (10:1 wiw),
diluted to 10 with sterile water and were spread-
plated on selective SMilmedium which was
prepared as described by Tan et al. (2006). The
plates were incubated for up to 21 days at 28°C. The
putative isolates of the genus Actinoplanes and
Amycolatopsis have been purified and maintained
on the maltose yeast extract (MYM) medium
(Shepherd et al., 2010).

b. Morphological and
Characterisation
Characterisation of Act. sp. MOSUL and
Amy. sp. MOSUL was conducted using the
International Streptomyces Project (1SP)
standardized methods (Shirling & Gottlieb, 1966).
The selected ISP media were Yeast Malt Agar (ISP-
2), Oatmeal Agar (ISP-3), Inorganic Salt Starch
Agar (ISP-4) and Glycerol Asparagine Agar Base
(ISP-5). Production of melanin was evaluated using
the media ISP-6 and ISP-7. The strain descriptions
were categorized as growth, substratum colour and
aerial mycelium, and soluble pigment colour
produced. Colour was described using classic code
RAL K7 (edition 2012, Germany). Minimal
Medium (MM) agar (Kieser et al, 2000)
supplemented with glucose (10g/L) as the carbon
source was prepared for NaCl test. A stock MM
medium of 10% NaCl was also prepared; the stock
was mixed with 0% MM medium to give
concentrations of 0, 1, 2.5, 5, 7.5 and 10% NacCl.
Both pH and temperature tolerance assays were
assessed on ISP-2 medium. ISP-2 medium was
adjusted to pH 2, 4, 6, 8, 10, and 12 and at 5, 10, 15,
20, 25, 30, 37, 40 and 45 °C. The decomposition of
urea on Christensen’s urea agar containing 2% urea

Physiological

was determined according to Gordon et al. (1974).
Degradation of casein (0.5% final concentration)
was determined using MM medium. Catalase
activity was detected by dropping 3% of H,O, on
well-developed agar plate colonies and observing
any gas bubbles produced. Plates were poured out
with prepared medium in each assay. Upon
inoculation with Act. sp. MOSUL or Amy. sp.
MOSUL, plates were incubated for 21days at 30°C.
Carbon source utilization tests were determined on
MM agar medium supplemented with different
carbon sources.

c. DNA extraction, 16S Gene Amplification,
Sequencing and Phylogenetic Trees Construction

The Act. sp. MOSUL and Amy. sp. MOSUL
were grown for 7 days at 30°C on a rotary shaker
(250 rpm) in a 50 ml falcon tube containing 20 ml of
Tryptic Soy Broth (TSB) medium. The procedure of
Wizard® Genomic DNA Purification Kit (Promega,
USA) was then followed for DNA extraction.
Polymerase chain reaction (PCR) of 16S rRNA
genes amplification from genomic DNA of both Act.
sp. MOSUL and Amy. sp. MOSUL isolates were
performed following the protocol of Promega PCR
Master Mix. For each PCR reaction 1ul of DNA
template, 1ul of 10uM of each conserved primers
27F (5-AGAGTTTGATCCTGGCTCAG-3") and
1492R (5-TACGGCTACCTTGTTACGACTT-3)
(Goodfellow et al., 2007), 25ul PCR Master Mix
(2X) and 22pl ddH2O for a total volume of 50ul.
The PCR amplification cycle consisted of initial
denaturation step at 95°C for 5 min followed by 35
amplification cycles of 95°C for 45 seconds for
denaturation, 55°C for 1 min for primers annealing,
72°C for 1 min for primers extension, and ending
with a final extension step at 72°C for 10 min. The
PCR products along with the primers used in this
study were sent to Germany (Eurofins MWG,
Ebersherg, Germany) for sequencing. The obtained
16S gene sequences of Act. sp. MOSUL and Amy.
sp. MOSUL were searched with sequences of
closely related species of the genera Actinoplanes
and Amycolatopsis in the EzTaxon specialized
ribosomal database (Kim et al., 2012). Sequences
shared the highest similarity with both Act. sp.
MOSUL and Amy. sp. MOSUL were retrieved and
downloaded in FASTA format. A maximum-
likelihood (Felsenstein, 1981) phylogenetic tree for
each 16S gene of Act. sp. MOSUL and Amy. sp.
MOSUL  were constructed using the program
MEGA version 7.0 (Tamura et al., 2013) from the
aligned sequences using Multiple Sequence
Comparison by Log Expectation (MUSCLE)
software (Edgar, 2004).

3. RESULTS AND DISCUSSION

a. Cultural Characteristics
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The cultivation and phenotypic
characterization of rare actinomycetes have been
studies by many researchers on the bases of utilizing
their ability to grow on different cultural media
(Bredholdt et al., 2007; Tiwari and Kupta, 2013;
Aziz et al., 2019). It was observed that Act. sp.
MOSUL grew abundantly on ISP-2 and ISP-3 media
while the growth was found to be poor on ISP-4 and
ISP-5 media. The mycelia colour was varied
according to the ISP-medium and the melanin

pigment was not produced (Table 1). Good growth
of Amy. sp. MOSUL strain was observed on ISP-2
and ISP-3 media, and moderate growth on ISP-4 and
ISP-5 media, and the melanin pigment was
produced on both ISP-6 and ISP-7 (Table 1). Studies
have stated that ISP-media were especially valuable
to differentiate the new actinomycetes isolates, and
helpful for colour determination and for melanin
pigment production (Jaradat et al., 2008; Sun et al.,
2009; Ara et al., 2010; Klykleung et al., 2015).

Table 1. Culture Characteristics of Act. sp. MOSUL and Amy. sp. MOSUL on ISP Media

ISP-2 ISP-3 ISP-4 IS-P5 ISP-6/ISP-7
Act. sp. G: Abundant G: Abundant G: Poor G: Poor M: None
MOSUL | A: Salmon orange A: Signal orange | A: Signal orange A: Pastel orang | produced

(RAL 2012) (RAL 2010) (RAL 2010) (RAL 2003)

S: None S: None S: None S: None
Amy. sp. | G: Abundant G: Abundant G: Moderate G: Moderate M: Produced
MOSUL | A: Grey white A: Papyrus white | A: Papyrus white A: Telegrey 4

(RAL 9002) (RAL 9018) (RAL 9018) (RAL 7047)

S: None S: None S: None S: None

G, Growth; A, Aerial mass colour; S, Soluble pigment, M, Melanin pigment

b. Physiological and Biochemical

Characteristics

The physiological and biochemical of Act. sp.
MOSUL and Amy. sp. MOSUL showed a range of
different phenotypic properties that were similar to
the results reported by other researchers (Kampfer et
al., 2007; Sun et al., 2009; Tang et al., 2010; Nie et
al., 2012; Souza et al., 2015) describing these two
genera. It was found that Act. sp. MOSUL tolerant
to NaCl in concentrations up to 4%. The strain was
found to grow well between the pH 4 to pH 8 range,
and the growth was inhibited at 45°C (Table 2).

Decomposition of urea and catalase activity was

positive, and casein degradation was negative. The
strain could use L-Arabinose, D-Fructose, D-
Galactose, D-Sucrose, D-Glucose and D-Xylose, but
could not use D-Maltose and D-Manitol (Table 2 &
3). On the other hand, Amy. sp. MOSUL could grow
in the presence of up to 8% NaCl, up to 75 pg/ml, at
pH 8 and up to 40 °C (Table 2). Decomposition of
urea and catalase activity, and casein degradation
were negative. The strain could use Arabinose, D-
Fructose, D-Galactose, D-Sucrose, D-Glucose, D-
Maltose and D-Xylose as sole carbon source, but
could not use D-Manitol (Table 1 & 2).

Table 2. Physiological and Biochemical Characteristics of Act. sp. MOSUL and Amy. sp. MOSUL Strains

Character Act. sp. MOSUL Amy. sp. MOSUL
Growth at NaCl (%) 2 + +
4 + +
6 - +
8 — +
Growth at pH 4 + +
6 + +
8 + +
10 - —
Growth at 30°C + +
37°C + +
40°C + +
45°C - -
Urea decomposition 2% + -
Casein degradation 0.5% - -
Catalase activity 3% H20; + -
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Table 3. Growth Pattern of the Act. sp. MOSUL
and Amy. sp. MOSUL in Different Carbon

Sources
Carbon source Act. sp. | Amy. sp.
MOSUL MOSUL
L-Arabinose + +
D-Fructose + +
D-Galactose + +
D-Sucrose + +
D-Glucose + +
D-Maltose - +
D-Manitol - -
D-Xylose + +

c. Nucleotide Sequence Accession Numbers

The two rare strains designated as
Actinoplanes sp. MOSUL and Amycolatopsis sp.
MOSUL and their ribosomal 16S gene sequences
were deposited in the NCBI Genbank database
under the accession numbers MNO095717 and
MNO095769 respectively.

d. Molecular Phylogeny Analysis

A neighbor-joining tree based on the highest
24 similar 16S rRNA gene sequences showed that
the Act. sp. MOSUL (MN095717) strain is the most
closely related strain to Act. xinjiangensis
(jgi.1107663), Act. lobatus (AB037006), Act.
auranticolor ~ (U58526),  Act.  sichuanensis
(EU531458), Act. philippinensis (jgi.1085831), Act.
subglobosus  (KM396265),  Act.  hulinensis
(JQ073723), Act. campanulatus (AB036995) and
Act. capillaceus (AB013495) with identity of
96.75%, 96.76%,  96.45%, 96.66%, 96.36%,
96.66%, 96.45%, 96.15% and 96.66% respectively
(Figure 1) . Act. xinjiangensis and Act. sichuanensis
were isolated from two soil sites in China.
Interestingly, these strains exhibited strong
inhibitory activity against some of Gram negative
and positive mutltidrugs resistant bacteria (Sun et
al., 2009). Thus, our isolated Act. sp. MOSUL strain
might have a potent promising biological activity
against clinical bacteria. While Act. lobatus, Act.
auranticolor and Act. campanulatus were species of
the genus Actinoplanes firstly isolated by Couch
(1950), Act. subglobosus, Act. hulinensis and Act.
capillaceus were isolated from different regions in
Asia, Thailand, China and Japan respectively
(Ngaemthao et al., 2016; Shen, 2013; Matsumoto et
al., 2000).

Actinoplanes italicus (AB048217)
Actinoplanes couchii (AM400230)

Actinoplanes derwentensis (LT629758)
Actinoplanes rectilineatus (JZKF01000194)
Actinoplanes cyaneus (X93186)

Actinoplanes liguriensis (JNYN01000213)
Actinoplanes lutulentus (KC134255)
Actinoplanes regularis (FZNR01000056)
Actinoplanes luteus (KM396264)

Actinoplanes palleronii (AB037009)

Actinoplanes utahensis (AB037012)

Actinoplanes octamycinicus (AB047494)
Actinoplanes nipponensis (AJ871310)
Actinoplanes bogorensis (LC027115)
Actinoplanes abujensis (HQ157185)
@ Actinoplanes sp. MOSUL (MN095717)

Actinoplanes xinjiangensis (jgi.1107663)
Actinoplanes lobatus (AB037006)

Actinoplanes auranticolor (U58526)

Actinoplanes sichuanensis (EU531458)
Actinoplanes philippinensis (jgi.1085831)
Actinoplanes subglobosus (KM396265)

Actinoplanes hulinensis (JQ073723)
&Actinoplanes campanulatus (AB036995)
Actinoplanes capillaceus (AB013495)
0.005

Figure 1. Neighbor-joining tree (1000X bootstrap)
based on partial 16S rRNA gene sequences showing
the relationshipa between Actinoplanes sp. MOSUL
strain (indicated by black circle) and the most
related 24 type strain species of the genus
Actinoplanes that obtained from the EzTaxon
database. Accession numbers are given in
parentheses. Bar, 0.005 substitutions per nucleotide
position.

On the other hand, Amy. bullii (HQ651730),
Amy. tolypomycina  (FNSO01000004), Amy.
plumensis (AY262825), Amy. eburnea (MH598363)
and Amy. rhabdoformis (KF779477) were the most
closely related strains of the highest 23 similar
strains to Amy. sp. MOSUL (MNO095769) with
identity of 99.71%, 99.26%, 98.46%, 98.32% and
98.74% respectively (Figure 2). Amy. bullii was
isolated from an arid Australian soil sample (Zucchi
et al., 2012). Amy. tolypomycina which showed
activity against methicillin resistant staphylococci
was isolated from an Indian soil sample (Wink et al.,
2003). Amy. plumensis, Amy. eburnean and Amy.
rhabdoformis were isolated from different
environmental samples from of the main island of
New Caledonia, Thailand and Brazil respectively
(Saintpierre-Bonaccio et al,, 2005; Chaiya et al.,
2019; Souza et al., 2015).
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Amycolatopsis kentuckyensis (MUMI01000384)

Amycolatopsis rifamycinica (AY083603)
Amycolatopsis lexingtonensis (MUMJ01000484)
Amycolatopsis pretoriensis (jgi.1085903)
Amycolatopsis balhimycina (KB913037)
Amycolatopsis mediterrane |(AJ293754)
Amycolatopsis vastitatis (LT621741)

Amycolatopsis stemonae (LC011703)
Amycolatopsis saalfeldensis (DQ792500)

Amycolatopsis silviterrae (KR818707)

Amycolatopsis eburnea (MH598363)

Amycolatopsis rhabdoformis (KF779477)
Amycolatopsis plumensis (AY262825)

Amycolatopsis tolypomycina (FNSO01000004)
Amycolatopsis bullii (HQ651730)

@ Amycolatopsis sp. MOSUL (MN095769)
Amycolatopsis australiensis (FPJG01000006)

Amycolatopsis azurea (ANMG01000133)
4,—(: Amycolatopsis lurida |(AJ577997)
Amycolatopsis alba (KB913032)

Amycolatopsis equina (HQ021204)
Amycolatopsis benzoatilytica (ARPK01000002)
C‘j Amycolatopsis albidoflawus (AJ252832)
Amycolatopsis halotolerans (DQ000196)
A
0.002

Figure 2. Neighbor-joining tree (1000X bootstrap)
based on partial 16S rRNA gene sequences showing
the relationshipa between Amycolatopsis sp.
MOSUL strain (indicated by black circle) and the
most related 23 type strain species of the genus
Actinoplanes that obtained from the EzTaxon
database. Accession numbers are given in
parentheses. Bar, 0.002 substitutions per nucleotide
position.

4. CONCLUSIONS AND
RECOMMENDATIONS

Actinomycetes are well-known to be an
important source of useful secondary metabolites
and new antibiotics. In this study, two new rare
actinomycetes designated as Act. sp. MOSUL and
Amy. sp. MOSUL from Iragi soils were isolated and
identified. The 16S rRNA gene sequences of these
two strains were submitted to the NCBI Genbank
database and deposited under the accession numbers
MNO095717 and MNO095769 respectively. The two
isolates displayed different patterns of morphology
and physiology when grown on different cultural
media supplemented with different chemical
sources. The phylogenetic trees analysis put these
strains close to strains that are well-known to
produce significant active metabolites against some
of Gram negative and positive bacteria. Our findings
encourage the exploration of isolation and
identification further new rare actinomycetes from
the Iraqi soils as well as carrying advance analyses
that may lead to finding new drug targets. .
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