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Abstract

Twelve samples were collected from Baghdad city. From 12 samples, 17 colonies were obtained. Out of the 17
Actinomycetes colonies. sub-cultured on ISP2 for growth, and incubation of plates for 7 days, only three isolates
demonstrated cultural characteristics similar to that of Streptomyces sp. three isolates were selected and purified by
pure culture techniques of Streptomyces sp. All isolates were given a number as B1, B2, and B3. All Streptomyces sp
isolates were screened for their antibacterial activity on Yeast extract-malt extract agar medium (ISP2) using scross-
streak technique against two pathogenic bacteria include Gram-negative (Two pathogenic bacteria, including Gram-
negative (Pseudomonas aeruginosa) and Gram-positive (Staphylococcus aureus). Among three Streptomyces sp isolates
that obtained from Baghdad city (Al-Jadriya), one isolates (B2) didn’t show any antibacterial activity against any type
of pathogenic bacteria (Gram-negative and Gram-positive bacteria), while two Streptomyces sp isolates (B1 and B3)
showed antibacterial activity against Gram-negative (Pseudomonas aeruginosa) and Gram-positive (Staphylococcus
aureus. Screening was performed by Agar-Well Diffusion method and growth inhibition zones were measured in
millimeters for each of the Streptomyces isolates (B1 and B3). Tested isolates have shown potent in vitro antibacterial
activities against all tested pathogens. The highest activities were shown by isolate B1 against S. aureus 19.5 mm,
Pseudomonas aeruginosa 14 mm. It is also evident that B3 isolate have shown activities against all pathogenic bacteria
with inhibition zone diameters ranging between 17 and 13 mm against S. aureus and Pseudomonas aeruginosa

respectively. Effect of Pomegranate peel and Matricaria chamomilla extracts (200ul, 300ul and 400pl) on the growth of
Streptomyces sp were initially determined by the agar well-diffusion method, showed there is no diameters of inhibition
zones exerted by the extract towards Streptomyces in different concentrations of Pomegranate peel and Matricaria
chamomilla extracts.
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1. Introduction

Actinomycetes produce about two-thirds of the known antibiotics and among them 80% are made by members of the
genus Streptomyces, with other genera trailing numerically. Actinomycetes also account for 60% of secondary
metabolites with biological activities other than antimicrobial, and again Streptomyces species account for 80% of these
[1-8]. Streptomyces are Gram positive aerobic bacteria belonging to the phylum Actinobacteria [9]. They have a DNA
G+C content of 69-78 % [1°]. At least 7000 different secondary metabolites have been discovered in Streptomyces
isolates [11]. Streptomyces synthesize an amazing variety of chemically distinct inhibitors of many different cellular
processes. These include antibiotics, fungicides, modulators of the immune response, and effectors of plant growth
(Hopwood, 2007). Several studies have stated the efficacy of extracts from different tree parts, such as bark, leaves and
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fruit to hinder the growth of Gram positive and Gram negative bacteria, which are foodborne and human pathogens [12].
[13] showed that pomegranate extracts inhibit and delay Staphylococcus aureus growth and subsequent enterotoxin
production at 0.01, 0.05 and 1% v/v concentrations. Chamomile has exhibited both positive and negative bactericidal
activity with Mycobacterium tuberculosis, Salmonella typhimurium and Staphylococcus aureus. About 120 chemical
constituents have been identified in chamomile as secondary metabolites, including 28 terpenoids, 36 flavonoids and
52 additional compounds with potential pharmacological activity [14]. The present work was aimed to study effect of
antibiotic types and some plant extracts on the growth and morphology of Streptomyces bacteria.

2. Material and methods

2.1 Actinomycetes Isolation

Out of 12 soil samples were collected from Baghdad city (Al-Jadriya) on December 2020; soil samples were collected
from 10 cm depth of the upper surface. The samples were placed in sterile plastic containers separately, tightly sealed
and transported to the laboratory. The collected soil samples were dried in a hot air oven at 60-65 °C for about three
hours for reducing the vegetative bacterial. Subsequently, the soil samples which containing spores of actinomycetes
were transferred to sterile tubes separately and store at 4 °C until the screening performed. The starch-casein-nitrate-
agar medium was used to isolate of actinomycetes. The pH value of the medium was adjusted to 7-7.2 and then sterilized
in an autoclave at 121 °C for 15 minutes. The medium was then allowed to cool to around 45-50 °C, and with tetracycline
50 pg/ml and 50 pg/ml Nystatin,were added before pouring into plates. Then, the medium was poured into the plates
with different thick to prevent drying during the incubation period [15].

One gram of dried soil sample was suspended in 99 ml sterile distilled water. Serial dilutions (10-1-10-4) were made
from the stock suspension. Three petri dishes containing isolation medium were cultured by transferring 0.1 ml of the
spore suspension from each dilution and spreading on the surface of agar medium using a sterile glass spreader. Then,
the plates were incubated at 28 °C for 7 days. After the incubation period, the plates were examined for typical
actinomycetes colonies, which had regular round, small, opaque, compact, frequently pigmented with white, brown,
gray-pink, or other colors, the colonies were examined under a light microscope to observe their morphology and
distinguished from fungi colonies.

The isolated actinomycetes were re-cultured in nutrient broth and nutrient agar slants and stored at 4°C for further
study [15].

2.2  Pathogenic Bacteria Used in The Study

Two pathogenic bacteria, including Gram-negative (Pseudomonas aeruginosa) and Gram-positive (Staphylococcus
aureus), were used as test microorganisms for evaluation the antibacterial activity of actinomycetes. All the tested
pathogenic bacteria were obtained from Laboratory Microbiology/Mycology - college of Biotechnology.

2.3  Primary Screening for Antibacterial Activity

Primary screening of antagonism was performed on Muller Hinton agar using the perpendicular streak plate method
against two test organisms, including Gram-negative (P. aeruginosa) and Gram-positive pathogenic bacteria (S. aureus).
The medium was prepared according to manufacturer company instructions. The actinomycetes isolates was streaked
across the surface of the agar medium at the middle position of the plate and incubated at 30 °C for 7 days, in triplicate.
After that, the test organisms were streaked perpendicularly with actinomycetes growth and the space of 2-3 mm
between each two streaks. Then, the plates were incubated at 37 °C for 2 days for the test organism growing. After that,
the plates were then examined, and the presences of the clear zone between the actinomycetes growth and test
microorganism indicate growth inhibition of test organisms.

2.4  Cultural Characterization of Actinomyctes Isolates
Cultural characteristics of the strainwere determined in accordance with the method described by [16]. Cultural
characteristics are best made on a variety of International Streptomyces Project such as ISP2.

2.5 Effect of Pomegranate peel extract on the growth of Streptomyces sp

Petri dishes contained 20 ml of Nutrient agar (N.A) have been used for well-diffusion assay. Wells have been prepared
in the N.A plates. In agar well diffusion 200pl, 300ul and 400 pl of Pomegranate peel extract plates were inoculated of a
bacterial suspension containing 107 c.f.u. ml and incubated at 37 °C at 48 h. Diameters (in mm) of growth inhibition zones
were measured after incubation at 37 °C for 48 h.
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2.6  Effect of Matricaria chamomilla extract on the growth of Streptomyces sp

Effect of Matricaria chamomilla extract (200 ul, 300 pl and 400 pl) on the growth of Streptomyces sp were initially
determined by the agar well-diffusion method. Petri dishes contained 20 ml of N.A have been used for well-diffusion
assay. Wells have been prepared in the N.A plates. In agar well diffusion 200pl, 300 pland 400 pl of Matricaria
chamomilla extract plates were inoculated of a bacterial suspension containing 107 c.f.u. ml and incubated at 37 °C at 48
h. Diameters (in mm) of growth inhibition zones were measured after incubation at 37 °C for 48 h.

3. Results and discussion

3.1 Isolation of Actinomycetes

Twelve soil samples were collected from Baghdad city. The serial dilution technique was used to isolate actinomycetes
from ten different soil sources after inoculating the plates with soil suspension on the starch casein nitrate agar medium
supplemented with tetracycline 50 pg/ml and 50 pg/ml Nystatin, the plates were incubated at 28°C for 7 days with a
dilution 104 The data presented in Table (1) summarize all suspected actinomycetes obtained from the above soil
sources on the basis of forming pinpoint colonies with inhibitory or clear zone of inhibition around them as
recommended by [17]. Nystatin reduces fungal growth, whereas tetracycline reduces other bacteria. Colonies size
varied, powdery, colour varied from chalky white, buff, brown, pink, red, white, yellow and grey. this was in agreement
with that described by [18].

Table 1 Actinomycetes colonies appear on starch casein nitrate agar medium for 7 days

No. | Soil samples sites | Actinomycetes colonies | Total colonies
1 Al-Jadriya 0
2 Al-Jadriya 1
3 Al-Jadriya 2
4 Al-Jadriya 2 17
5 Al-Jadriya 3
6 Al-Jadriya 1
7 Al-Jadriya 0
8 Al-Jadriya 3
9 Al-Jadriya 0
10 Al-Jadriya 2
11 Al-Jadriya 0
12 Al-Jadriya 3

The morphology and size of the colonies was about 10 mm in diameter with a relatively smooth surface at the beginning
of the growth, white, yellow and grey, it was developed to an aerial mycelium that appeared as granular, powdery and
soft. [19] described actinomycetes colonies being slow growing, glabrous or chalky, aerobic, piled, as well as with
different color of aerial and substrate mycelium. In addition, all isolated colonies possess an earthy odor.

From 12 soil samples, 17 colonies were obtained. Colonies having characteristic features such as powdery appearance
with convex, concave or flat surface and color ranging from white, brown, and grey were selected.

Out of the 17 Actinomycetes colonies. sub-cultured on ISP2 for growth, and incubation of plates for 7 days, only three
isolates demonstrated cultural characteristics similar to that of Streptomyces sp. three isolates were selected and
purified by pure culture techniques of Streptomyces sp. All isolates were given a number as B1, B2, and B3 (Table 2).
The Growth characteristics of colony on medium ISP2 as (very good) were a prerequisite for isolates selection of
Streptomyces sp. The results were in agreement with the finding of both [20-22].
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Table 2 The Growth characteristics of Streptomyces colonies on medium ISP2

Medium | Isolates | Growth

B1 ++++
ISP2 B2 ++++
B3 ++++

++++: Growth very good

The results were in agreement with the finding of both [20] concerning the isolation process that each plate was often
contained one or few colony types ranging from two to four colonies, and from similar habitats the actinomycetes
diversity exhibited few different colony types. [23], mentioned that because of their stringent aerobic metabolisms,
actinomycetes.

Cultural and Morphology characteristics of Streptomyces sp. The all Streptomyces sp isolates were Gram's stain (Table
3). Young cultures (5-7 days old) produced Substrate mycelia, Branched or Fragments. The colors of the substrate

mycelia and aerial mycelia of the isolates, varied from colorless to white, brown, and grey on ISP 2 (Table 3-3).

Table 3 Cultural and Morphology characteristics of Streptomyces isolates after 7 days growth on ISP 2 medium

No. Characteristic Streptomyces isolates
B1 B2 B3
1 Gram'’s stain + + +
2 Substrate mycelia Fragments Fragments Fragments
3 Colour of aerial mycelia white White - Grey | White- orange
4 Colour of substrate mycelia | white - brown Grey brown
5 Colour of soluble pigment grey-violet grey grey

3.2 Biochemical characteristics

The biochemical properties are summarized in (Table 4). All of the isolates belonging to the Streptomyces sp.

Table 4 Biochemical characteristics of Streptomyces sp isolates after 7 days growth on ISP 2 medium

No. Characteristic B1 | B2 | B3
1 Catalase production + + +
2 Hydrogen sulfide production - - -
3 Nitrate reduction + + +
4 Citrate utilization - - .
5 Oxidase production - - -
6 Casein hydrolysis + + +
7 Indole production - - -
8 Melanine reaction - - -
9 Starch + + +

+ positive, - negative

3.3 Screening for Streptomyces sp isolates activity

All Streptomyces sp isolates (B1, B2 and B3) were screened for their antibacterial activity on Yeast extract-malt extract
agar medium (ISP2) using scross-streak technique against two pathogenic bacteria include Gram-negative (Two
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pathogenic bacteria, including Gram-negative (Pseudomonas aeruginosa) and Gram-positive (Staphylococcus aureus).
Among three Streptomyces sp isolates that obtained from Baghdad city, one isolates (B2) didn’t show any antibacterial
activity against any type of pathogenic bacteria (Gram-negative and Gram-positive bacteria), while two Streptomyces sp
isolates (B1 and B3) showed antibacterial activity against Gram-negative (Pseudomonas aeruginosa) and Gram-positive
(Staphylococcus aureus). (Table 5).

Table 5 Primary screening of Streptomyces isolates using scross-streak technique on Yeast extract-malt extract agar
medium

Isolates | Gram-positive | Gram-negative Note
S. aureus P. aeruginosa
B1 + + Selected
B2 - - Neglected
B3 + + Selected

B1, B3: + antibacterial activity

Screening was performed by Agar-Well Diffusion method and growth inhibition zones were measured in millimeters
for each of the Streptomyces isolates (B1 and B3), the results are shown in Table (6). Tested isolates have shown potent
in vitro antibacterial activities against all tested pathogens. The highest activities were shown by isolate B1 against S.
aureus 19.5 mm, Pseudomonas aeruginosa 14 mm. It is also evident that B3 isolate have shown activities against all
pathogenic bacteria with inhibition zone diameters ranging between 17 and 13 mm against S. aureus and Pseudomonas
aeruginosa respectively.

Table 6 Inhibition zones (mm) by different Streptomyces isolates against pathogenic bacteria

Streptomyces Isolates Zone of inhibition (mm)

S. aureus | P.aeruginosa
B1 19.5 14
B2 17 13

Study [24] Antibacterial activity of actinomycetes isolated from Lobuche area (5000-5300 meter in height) and Lukla
area (2660 meter in height) in Khumbu region has been studied. A total of 106 actinomycetes were subjected to primary
screening by perpendicular streak method against Gram-positive (Bacillus subtilis and Staphylococcus aureus) and
Gram-negative (Enterobacter aerogens, Escherichia coli, Klebsiella species, Proteus species, Pseudomonas species,
Salmonell typhi and Shigella species) test bacteria. It was observed that 2 isolates were active against only Gram-
negative bacteria, 8 against Gram-positive and 26 against both Gram-positive and Gram-negative bacteria.

Altogether 36 putative isolates were subjected to secondary screening by agar well method to further test the
capabilities of primarily screened organisms. Selected isolates (20) from the secondary screening belonged to the
genera Streptomyces (10 isolates). Finally one isolate (Streptomyces species) was selected for further study on the basis
of (a) broad spectrum activity and (b) larger zone of inhibition in comparison to others. The antibacterial substances
were extracted with ethyl acetate from isolate-inoculated starch-casein broth fermented for 7 days at 28 °C by solvent
extraction method. Minimum bactericidal concentration (MBC) of ethyl acetate extract against Staphylococcus aureus
were 5 mg/ml for Streptomyces species. Thin layer chromatography (TLC) of the ethyl acetate extracts were carried out
in duplicate using Chloroform: methanol (4:1) as solvent system and Tetracycline as reference antibiotic. Under UV light
they gave greenish yellow spots with Rf value 0.88 for the antimicrobial from Streptomyces species. In bioautography
(using Staphylococcus aureus as test organism) inhibition zones were obtained and they were associated with the
yellowish green spots of the chromatogram as detected under UV light. This may indicate the same compounds were
responsible for the antibacterial activity of those actinomycetes isolates.
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4. Effect of antibiotic types on the growth of Streptomyces sp

4.1 Effect of Pomegranate peel extract on the growth of Streptomyces sp

Effect of Pomegranate peel extract (200 pl, 300 pl and 400 pl) on the growth of Streptomyces sp were initially
determined by the agar well-diffusion method. Table (7), showed there is no diameters of inhibition zones exerted by
the extract towards Streptomyces in different concentrations of Pomegranate peel extract. [25], show that pomegranate
peel is rich in tannins, high-molecular weight plant polyphenols, which can be categorized into two chemically and
biologically separate groups, condensed hydrolysable tannin and tannin, the latter composed of glycosyl esters and
phenolic acids. Hydrolyzable tannins are parted into gallotannins containing gallic acid and ellagitannins, containing
ellagicacid. [26], reported that only water-methanol extract of peels has marked inhibition (12-20 mm inhibition zones)
and the water extract was inactive against eleven microorganisms tested, such as S. aureus (2 strains), B. subtilis, E. coli,
Listeria monocytogenes, Pseudomonas aeruginosa, Klebsiella pneumoniae, Yersinia enterocolitica, Candida utilis,
Saccharomyces cerevisiae and Aspergillus niger.

Table 7 Effect of Pomegranate peel extract on the growth of Streptomyces sp

Treatments Inhibition zone diameter (mm)
200 ul 0
Pomegranate peel extract + | 30 ul 0
Streptomyces
promy 400 ul 0

Effect of Matricaria chamomilla extract on the growth of Streptomyces sp Effect of Matricaria chamomilla extract (200
pul, 300 pl and 400 pl) on the growth of Streptomyces sp were initially determined by the agar well-diffusion method.
Table (8), showed there is no diameters of inhibition zones exerted by the extract towards Streptomyces in different
concentrations of Matricaria chamomilla extract.

Table 8 Effect of Matricaria chamomilla extract on the growth of Streptomyces sp

Treatments Inhibition zone diameter (mm)
200 ul 0

Matricaria chamomilla extract+ | 30 ul 0

Streptomyces 400 pl 0

Chamomile has exhibited both positive and negative bactericidal activity with Mycobacterium tuberculosis, Salmonella
typhimurium and Staphylococcus aureus. About 120 chemical constituents have been identified in chamomile as
secondary metabolites, including 28 terpenoids, 36 flavonoids and 52 additional compounds with potential
pharmacological activity [27].

Components such as alpha-bisabolol and cyclic ethers are antimicrobial. Umbelfiferone is fungistatic while chamazulene
and alpha-bisabolol are antiseptic [28].

Known, since ancient times, by the Egyptian, Greeks and Romans for their medicinal, cosmetic, decorative and aromatic
properties, Chamomile is widely used in traditional medicine due to analgesic properties, anti-allergic, antispasmodic,
antibacterial, anti-inflammatory, sedative, healing, anti-proliferative cancer cells, cytotoxic against cancer cells. [29].
The essential oil is mentioned as a bactericide against gram positive microorganisms such as Staphylococcus duwus and
a fungicide against Candida albicans [30]. The mouthwash with chamomile was considered satisfactory in reducing
gingival inflammation, showing great performance in reducing bacterial plaque index [31].

[32-34]. The most characteristic constituents of chamomile are unstable oil, sesquiterpene lactones, ascorbic acid, and
phenol compounds, primarily the flavonoids, apigenin, quercetin, patulin, luteolin, and glycosides. Flavonoids are
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chemical phenyl benzopyrones which are usually observed in all vascular plants. The benzopyran ring system is a
molecular scaffold which can be seen in flavonoid-inherent products and has weak aromatase inhibitory activity.

5.

Conclusion

Morphology and growth of Streptomyces sp, were not affected by different concentrations of Pomegranate peel and
Matricaria chamomilla extracts.

Compliance with ethical standards

Acknowledgments

We thank the workers in Laboratory Microbiology/Mycology - college of Biotechnology, Iraq, Baghdad.

References

[1]

[2]

Al-Rubaye, T. S, Risan, M. H,, Al-Rubaye, D., & Radji, R. O. Characterization of marine Streptomyces spp. bacterial
isolates from Tigris river sediments in Baghdad city with Lc-ms and 1 HNMR. Journal of Pharmacognosy and
Phytochemistry, 2018a.; 7(5), 2053-2060.

Al-Rubaye T, Risan MH, Al-Rubaye D and Radi OR Identification and In vitro antimicrobial activities of Marine
Streptomyces spp. Bacteria from Tigris River Sediments in Baghdad City. World Journal of Pharmaceutical and
Life Sciences. 2018b;10: 120-134.

Al-Rubaye, T. S.; Risan M. H.; Al-Rubaye, D. Gas chromatography-mass- spectroscopy analysis of bioactive
compounds from Streptomyces spp. isolated from Tigris river sediments in Baghdad city, Journal of Biotechnology
Research Center. 2020; 14(1).

Al-Zoreky NS. Antimicrobial activity of pomegranate (Punica granatum L.) fruit peels. Int ] Food Microbiol. 2009;
134: 244-8.

Amin, S. M., Rasin, M. H., & Abdulmohimin, N. Antimicrobial and Antioxidant Activities of Biologically Active
Extract from Locally Isolated Actinomycetes in Garmian Area. Journal of Garmian University, 2016; 1(10). 625-
639.

Anderson AS, and Wellington EM. The taxonomy of Streptomyces and related genera. International Journal of
Systematic and Evolutionary Microbiology. 2001; 51: 797-814.

Berdy ]. Bioactive microbial metabolites. Journal of Antibiotics (Tokyo). 2005; 58: 1-26.

Braga LC, Shupp JW, Cummings C, Jett M, Takahaski JA, Carmo LS, Chartone-Souza E, Nascimento AMA.
Pomegranate extract inhibits Staphylococcus aureus growth and subsequent enterotoxin production. J.
Ethnopharmacol. 2005; 96: 335-339.

Duke JA, Ayensu ES. Medicinal Plants of China Reference Publications, Inc. 1985; 564-570.

Farideh ZZ, Bagher M, Ashraf A, Akram A, Kazem M. Effects of chamomile extract on biochemical and clinical
parameters in a rat model of polycystic ovary syndrome. ] Reprod Infertil. 2010; 11: 169-74.

Fazeli MR, Bahmani S, et al. Effect of probiotication on antioxidant and antibacterial activities of pomegranate
juices from sour and sweet cultivars. Nat Prod Res. 2011; 25(3): 288-97.

Foss SR, Nakamura CV, et al. Antifungal activity of pomegranate peel extract and isolated compound punicalagin
against dermatophytes. Ann Clin Microbiol Antimicrob. Sep. 2014; 5: 13-32.

Gesheva V, V Ivanova, R Gesheva. Effects of nutrients on the production of AK-111-81 macrolide antibiotic by
Streptomyces hygroscopicus. Microbiol. Res. 2005; 160(3): 243-248.

Kieser T, Bibb M], Buttner M], Chater KF, Hopwood DA. General introduction to actinomycete biology. Practical
Streptomyces Genetics (2nd ed.). John Innes Foundation, Norwich, England. 2000; 2-41.

Kim SB, Goodfellow M. Saccharopolyspora. In: Bergey’s Manual of Systematics of Archaea and Bacteria. 2015; 1-
30.

25



International Journal of Frontline Research in Pharma and Bio Sciences, 2022, 01(01), 019-026

Mann C, Staba E. The chemistry, pharmacology, and commercial formuations of chamomile. Herbs, spices and
medicinal plants. 1986; 1: 235-280.

Oskay M, TA Usame, Azeri C. Antibacterial activity of some actinomycetes isolated from farmin soils of Turkey,
Afr. ]. Biotechnol. 2004; 3(9): 441-446.

Pandey B, Ghimire P, Agrawal VP. Studies on the antibacterial activity of actinomycetes isolated Khumbu region
of Mt. Everest. A paper presented in the International Conference on the Great Himalayas: climate, health,
ecology, management and conservation, Kathmandu. January 12-15. organized by Kathmandu University. 2006.

Qasim B, Risan MH. Anti-tumor and Antimicrobial Activity of Antibiotic Produced by Streptomyces spp, World
Journal of Pharmaceutical Research. 2017; 6(4): 116-128.

Risan MH, Rusul ], Subhi SA. Isolation, characterization and antibacterial activity of a Rare Actinomycete:
Saccharopolyspora sp. In Iraq. East African Scholars Journal of Biotechnology and Genetics. 2019; 1(4): 60-49.

Risan MH, Taemor SH, Muhsin AH, Saja M Hafied, Sarah H Ghayyib, Zahraa H Neama. Activity of Lactobacillus
acidophilus, L. Planetarium, Streptomyces and Saccharomyces cerevisiae with extracts of date palm and dried shell
of pomegranate to reduce aflatoxin M1 in Iraq, World Journal of Pharmaceutical and life sciences. 2018; 4(6):
119-13.

Risan MH, Qasim B, Abdel-jabbar B, Muhsin AH. Identification Active Compounds of Bacteria Streptomyces Using
High-Performance Liquid Chromatography, World Journal of Pharmaceutical and Life Sciences. 2017; 3(6): 91-
97.

Risan MH, Amin SM, Abdulmohimin N. Production, Partial Purification and Antitumor Properties of Bioactive
Compounds from Locally Isolated Actinomycetes (KH14), Iraqi Journal of Biotechnology. 2017; 15(3): 51- 64.

Shirling EB, Gottlieb D. Cooperative description of type cultures of Streptomyces. V. additional description. Int. J.
Syst. Bacteriol. 1972; 22: 265-394.

Saadoun I, AL-Joubori B, Al-Khoury R. Testing of Production of Inhibitory Bioactive Compounds by Soil
Streptomycetes as PreliminaryScreening Programs in UAE for Anti-Cancer and Anti-Bacterial Drugs. Int
JCurrMicrobiol App Sci. 2015; 4(3): 446-459.

Soltani M, Moghimian M, Abtahi H, Shokoohi M. The protective effect of Matricaria chamomilla extract on
histological damage and oxidative stress induced by Torsion / Detorsion in adult rat ovary. Int ] Womens Health
Reprod Sci. 2017; 5: 187-92.

Srivastava JK, Shankar E, Gupta S. Chamomile: A herbal medicine of the past with bright future. Mol Med Rep.
2010; 3: 895-901.

Stackebrandt E, Goebel BM. Taxonomic note: A place for DNA-DNA reassociation and 16S rRNA sequence
analysis in the present species definition in bacteriology. Int. ]. Syst. Bacteriol. 1994; 44: 846-849.

Stackebrandt E, Rainey FA, Ward-Rainey NL. Proposal for a new hierarchic classification system, Actinobacteria
classis nov. International Journal of Systematic Bacteriology. 1997; 47: 479-491.

Weekers PHH, Bodelier PLE, Wijen JPH, Vogels GD. Effects of grazing by the free-living soil amoebae
Acanthamoeba castellanii, Acanthamoeba polyphaga, and Hartmanella vermiformis on various bacteria. Appl
Environ Microbiol. 1993; 59: 2317-2319.

Wiener S, Egan H, Wellington EMH. Evidence for horizontal transfer of antibiotic-resistance genes in soil
populations of streptomycetes. Mol Ecol. 1998; 7: 1205-1216.

Williams ST, Lanning S, Wellington MH. Ecology of actinomycetes. In Goodfellow, M., Mordarski, M. and Williams,
S.T. (Eds), The Biology of the Actinomycetes. London: Academic Press. 1984; 481-528.

Yim G Wang, HMH Davies ]. Antibiotics as signaling molecules. Philos Trans R Soc Lond B Biol Sci. 2007; 362:
1195-1200.

Zhou ], Gu Y, Zou C, Mo M. Phylogenetic diversity of bacteria in an earth-cave in Guizhou province, southwest of
China. J. Microbiol. 2007; 45: 105-112.

26



