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ABSTRACT: Actinomycetes have been providing many industrially important bioactive compounds possessing great
economic value and always being curious organisms for secondary metabolite production. They are recognized as
prolific producers of enzymes, antibiotics, anti cancerous agents etc. and play significant role in recycling of organic
matter. Numerous methods have been advocated for the isolation of actinomycetes to facilitate the discovery of natural
compounds specially antibiotics. They are widely distributed in the natural habitats, hence various methods like
pretreatments, combinations of antibiotics, specific isolation media and some novel methods has been adapted for their
isolation. In addition, rare actinomycetes are also isolated by providing pretreatment combinations and high throughput
screening methods. Strategy for a range of pretreatment techniques and isolation methods have been mentioned in this
review for isolating actinomycetes.
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I. INTRODUCTION

Actinomycetes serve as promising source of bioactive secondary metabolites with great importance in pharmacology
and commercial purposes. They play crucial role in the production of different enzymes as well as antibiotics like
aureomycin, streptomycin, erythromycin etc. They also play significant roles in degradation or decomposition of
organic substances such as cellulose, starch, chitin, organic acids, proteins and fats. Besides contributing to plant
growth promotion (PGP), they also serve as biocontrol agents with their antagonistic effect against phytopathogenic
microbes.

Actinomycetes are filamentous Gram-positive bacteria, mostly aerobic and belong to phylum Actinobacteria and order
Actinomycetales. The G+C content in their DNA is very high about 70%. They are mostly mesophilic in nature and
temperature range between 25 and 30°C is optimal for their growth. Most actinomycetes show maximum growth
around neutrality but grow best in pH range between 6 and 9. The colonies of actinomycetes are compact, tough and
often leathery with a dry surface on culture media and frequently covered with aerial mycelium and spores '.

The taxonomy of actinomycetes has evolved significantly over time. It includes 6 classes, 22 orders, 54 families, 250
genera and 3000 species. Some rare actinomycete genera are Actinomadura, Actinoplanes, Amycolatopsis,
Actinokineospora, Acrocarpospora, Actinosynnema, Catenuloplanes, Cryptosporangium, Dactylosporangium,
Kibdelosporangium, Kineosporia, Kutzneria, Microbiospora, Microtetraspora, Nocardia, Nocardiopsis, Nonomuraea,
Planomonospora, Planobispora, Pseudonocardia, = Saccharomonospora, Saccharopolyspora, Saccharothrix,
Streptomyces, Streptosporangium, Spirilliplanes, Thermomonospora, Thermobifida and Virgosporangium?.

Discovery of novel metabolites from actinomycetes can be enhanced by isolating diverse group of actinomycetes.
Hayakawa and Nonomura developed various methods for isolating desirable rare actinomycete genera which include a
variety of pretreatment techniques in combination with enrichment techniques that appropriately supplement agar
media with selective antibacterial agents®>. An attempt is made in this review to explore existing and improved
methodologies for isolation of actinomycetes.
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Soil factors affecting the actinomycetes population:

The distribution and abundance of actinomycete taxa in soil is significantly influenced by environmental and physical
factors including geographical location, pH, temperature, organic matter content, moisture content and nutrient
availability. Soil salinity is one of the major environmental factors that could be the prime target for discovering novel
microbial biodiversity producing rare secondary metabolites®.

It is worth emphasizing extreme environments that have extreme alkalinity, acidity, salt, hot springs, radioactivity, cold
(polar-regions) harbour many unique actinomycetes. Diverse groups of actinomycetes such as Actinkineospora,
Aerococcus, Arthrobacter, Brevibacterium, Glycomyces, Kribbella, Kocuria, Micromonospora, Nocardioides,
Nocardiopsis, Pseudonocardia, Promicromonospora and Rhodococcus were isolated from calcium sulphate rich soils of
rock gypsum-—salt forest (Gaolin) of Yuanjiang, China®.

Temperature plays key role for growth and survival of actinomycetes.. Angel et al. (2012) investigated actinomycete
biographic studies in hot springs of Zambia, China, New Zealand and Kenya’. The temperature and pH values of the
sampling locations ranged between 44.5 and 86.5°C and 5-10 respectively.

Pretreatment of soil samples:
Lamari et al. (2002) reported a variety of selective methods to isolate novel antibiotic producing actinomycetes!®. The
pretreatment of samples with the addition of toxic chemicals for isolation becomes a selective approach'!.

Moist and dry heat treatment:

Pretreatment of samples by drying and heating stimulated the isolation of rare actinomycetes. The rare genus
Streptosporangium is difficult to isolate by traditional methods as its sporangiospores could withstand and resist
physical or chemical pretreatments. Hayakawa et al. (1991) found that dry heat treatment (120°C for 1 h) of natural
samples greatly induces growth of Streptosporangium spp'2. Qin et al. (2009) subjected different samples to continuous
drying at 100°C for 15 min, directly plating on different selective media enabled the isolation of 280 strains belonging
to the genera Pseudonocardia, Nocardiopsis, Micromonospora and Streptosporangium '3,

Additionally, along with dry heating of samples treated with chemicals such as 0.01 % benzethonium chloride, 0.03 %
chlorhexidine gluconate, 0.05 % sodium dodecylsulfate (SDS), 6 % yeast extract and 1.5 % phenol and supplemented
with different selective antibiotics such as leucomycin, nalidixic acid drastically eliminated the unicellular bacteria and
other unwanted Actinomycete propagules (Streptomyces spp.) from the isolation plates and increased the selectivity for
Streptosporangium spp., Microbispora spp., Acitinomadura spp., Micromonospora spp., Nocardia spp. and
Nonomuraea spp'4. Niyomvong et al. (2012) showed that pretreatment of samples with moist (50°C/6min) and dry
(120°C/1h) heating and 1.5 % phenol reduced the number of undesirable bacteria and enhanced the selective isolation
of Actinoplanes, Gordonia, Microbispora, Micromonospora, Nocardia and Nonomuraea'>.

Phenol Treatment:

Phenol is a biocide and lowered the number usual contaminant microorganisms. The samples treated with phenol (1.4-
1.5%) have the significant positive effect controlling unwanted microbes and recommended for the selective isolation
of actinomyctes'. Although phenol treatment of soil suspension lowered the number of fungi and other bacteria. This
pretreatment may keeping the Micromonosporae and Microbisporae were in alive condition. In another study, the rare
genera Micromonospora (49.2%), Actinomadura (13.1%), Microbispora (9.8%) and Polymorphospora (3.3%) were
successfully obtained from soil samples using 1.5 % phenol pretreatment!’.

Calcium Carbonate Treatment:

Treatment of natural habitat samples with calcium carbonate increased the populations of rare genera of
actinomycetes’. EI-Nakeeb and Lechevalier (1963) identified the increased number of actinomycetes colonies with
treatment of calcium carbonate from soil samples®. Similarly, Alferova and Terekhova (1989) studied the soil samples
were subjected to calcium carbonate treatment under humid conditions have proved to be efficient in increasing the
number of strains and rare genera®. Samples mixed with calcium carbonate where the pH is altered in favour of the
growth of actinomycete propagules and the calcium ions have the ability to stimulate the formation of aerial
mycelia'®!®, The calcium carbonate in combination with other selective isolation methods are recommended for the
isolation of rare genera of actinomycetes from soil samples®.
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Microwave Irradiation:

Many studies have examined the use of microwave energy for sterilization of soil, as well as increasing the culturability
of Actinomycetes. Ferriss (1984) reported that microwave irradiation of soil reduced total fungal and total prokaryote
counts in soil extracts?!'. Yang et al. (2008) reported that short periods of microwave irradiation increased the number of
antagonistic actinomycete isolates?2. Recently, Xue et al. (2010) reported that microwave irradiation of a calcareous soil
increased the total counts of culturable actinomycetes such as Streptomyces and Micromonospora?. Furthermore,
Wang et al. (2013) isolated biologically active Streptomyces spp., Nocardia spp., Streptosporangium spp. and Lentzea
spp. using microwave irradiation of soil samples?*. In addition, some researchers used other physical agents such as
electromagnetic radiation'®, electric pulses and super high frequency radiation, ultrasonic waves and extremely high-
frequency radiation for the selective isolation of actinomycetes in natural samples?.

Centrifugation Process:

Another physical method, centrifugation, eliminates Streptomycetes and other non-motile actinomycetes from the
liquid phase, thereby facilitating the selective growth of rare motile actinomycetes on isolation plates subsequent to
inoculation'é. The combined enzymatic hydrolysis and differential centrifugation method was particularly useful for
isolating endophytic rare actinobacteria Pseudonocardia, Nocardiopsis, Micromonospora, Amycolatopsis, Nocardia,
Nonomuraea, Actinomadura, Gordonia, Promicromonospora and Mycobacterium'3.

Chemoattractants And Chlorination Methods:

Selective isolation of sporulating actinomycetes known to produce motile spores is done by the use of xylose, chloride,
y-collidine, bromide and vanillin which act as chemoattractants for accumulating spores of Actinoplanes,
Dactylosporangium and Catenuloplanes'®. Further, selective isolation of rare genera such as Herbidospora,
Microbispora, Microtetraspora and Streptosporangium can be achieved by chloramine treatment, as chlorination is
known to suppress growth of contaminant bacteria and promote the growth of rare actinomycetes when plated on humic
acid-vitamin-enriched media.

Enrichment Methods:

Pinus pollen grain baiting was an another simple technique employed to isolate Actinoplanes species from soil'2. The
bait bearing the sporangia in the dried soil particles is desiccated (30°C/2h) with the aid of silica gel and the spores are
liberated upon immersion in water. A portion of the enriched zoospore sample is plated on HV agar containing
nalidixic acid. The desiccation stage almost completely eliminates contamination of bacteria from the colonized bait
and resulted in 83% selective isolation of Actinoplanes spp. More recently, Matsukawa et al. (2007) also successfully
used desiccation for the selective isolation of Streptomyces species, with anti-phytopathogenic activity from root
fragments of healthy herbaceous plants?’.

The rehydration and centrifugation (RC) method is a simple enrichment method incorporating differential
centrifugation for the isolation of motile actinomycetes'®. RC consists of immersing air-dried natural habitat samples in
10mM phosphate buffer containing 10% soil extract, allowing the preparation to stand at 30°C for 90 min, followed by
centrifugation (1:500g/20 min). The RC method consistently achieved 37 to 86% selective isolation of motile
actinomycetes from various samples. The most frequently isolated motile actinomycetes were Actinoplanes,
Dactylosporangium, Actinokineospora, Actinosynnema, Catenuloplanes, Couchioplanes, Geodermatophilus,
Kineosporia and Sporichthya were also recovered. In other studies, Otoguro et al. (2001) found that the combined use
of calcium carbonate treatment with the RC method resulted in the selective isolation of Actinokineospora spp. on HV
agar supplemented with fradiomycin, kanamycin, nalidixic acid and trimethoprim?. Yamamura et al. (2003) applied
sucrose-gradient centrifugation for selective isolation and ecological study of Nocardia spp. in soil and sediment
samples®.

The supernatant enriched with actinomycete zoospores is plated on HV agar containing nalidixic acid and
trimethoprim. The phosphate buffer-soil extract solution liberates motile zoospores and centrifugation eliminates
Streptomycetes and other non-motile actinomycetes from the supernatant, thereby facilitating selective growth of
motile actinomycetes on the isolation plates subsequent to inoculation.

A simple enrichment technique incorporating differential centrifugation which enabled the isolation of motile rare
actinomycetes was reported by Hayakawa et al. (2000). This technique was designated a rehydration and centrifugation
method and it consistently achieved 37-86% preferential isolation of zoosporic actinomycete genera from various soil
and plant litter samples. The most frequently isolated motile actinomycetes using the RC method were Actinoplanes
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and Dactylosporangium. Other strains were also recovered they are Actinokineospora, Actinosynnema, Catenuloplanes,
Couchioplanes, Geodermatophilus, Kineosporia and Sporichthya. The combined use of the RC method along with the
calcium carbonate treatment resulted in the selective isolation of Actinokineospora spp. on HV agar supplemented with
antibiotics such as fradiomycin, kanamycin, nalidixic acid and trimethoprim?®. A water suspension of air dried soil was
centrifuged through a gradient consisting of 10, 20, 30, 40, and 50 % sucrose at 240x g for 30 min. The 20% sucrose
layer, which was enriched with Nocardia spp., was then diluted and plated on HV agar supplemented with antibiotics.

Chemical Treatment:

Selective isolation of actinobacteria can be effective by chemical treatment of samples using calcium carbonate and
chitin treatment, calcium chloride, phenol, sodium dodecyl sulfate (SDS), yeast extract, germicide, chemotactic agents,
and chloramine-T. Carbon and nitrogen sources such as calcium carbonate and chitin support growth of actinomycetes.
The growth of Streptomyces and other genera on nalidixic acid contain HV agar is favored by treatment of soil sample
with 0.05% SDS and 5% yeast extracts. Treatment of soil samples with chloramine-T was found to promote the growth
of Herbidospora, Microbispora, Microtetraspora, Nonomuraea and Streptosporangium on nalidixic acid containing HV
agar’. Endophytic actinomycetes were also isolated mostly by chemical treatment for surface sterilization using
sterilants including ethanol (70-95%), sodium hypochlorite (1-2%) and hydrogen peroxide (3%). Some surfactants such
as Triton X-100, Tween 20 and Tween 80 can also be added followed by serial dilution®.

Selective Media and Selective Antimicrobial Agents:

A soil sample contains mixture genera of microbes, selective media were always preferred for isolation of
actinomycetes. The isolation media must be design to reduce the competing contaminants with adversely affecting
actinomycetes colonies. Appropriate selective media containing macromolecules and selective antimicrobial agents are
widely influenced for promoting growth of actinomycetes simultaneously suppressing the contaminant bacterial, fungal
colonies. Addition of antimicrobial and antifungal antibiotics to the selective media enhances the selection of members
of the family actinomycetales.

The aminoacid L-arginine was suggested by Benedict et al.,(1955) for isolating actinobacteria®*. Gauze’s agar medium
is selectively used for isolation of specific actinobacteria®. Glycerol-arginine medium with antifungal antibiotics
nystatin and pimaricin encouraged the development of soil inhabiting actinomycetes®. Starch-casein agar medium,
Bennett’s agar suitable for selective isolation of actinomycetes*®. Williams and Davies (1965) employed antibiotics like
actidione (50pg/ml), nystatin (50pg/ml), polymyxin B sulphate (Spg/ml) and penicillin (1pg/ml). While novobiocin
(100pg/ml), Gentamicin (5Spg/ml), azithromycin (50pg/ml), rifampicin (25pg/ml), leucomycin and tobramycin
(25pg/ml) were used for the preferential isolation3”-*8,

For successfully eliminating the fast growing bacterial contaminants, Hayakawa et al.,(1991) supplemented the HV
agar with synthetic antimicrobial agents nalidixic acid and trimethoprim!2. International Streptomycess Project ISP agar
media*} and Hayakawa et al.,(1996) formulated the LSV-SE agar medium containing Kraft lignin as the carbon and
nitrogen source to support and increased recovery of rare actinobacterial genera®. Specialized growth media such as
Oatmeal agar’®, Chitin agar, Raffinase-histidine agar, Humic acid-vitamin agar*’ by supplemented with antifungal
antibiotics either gentamicin, oxytetracycline for facilitating good sporulation and selectively isolation of rare
actinomycetes Dactylosporangium, Streptosporangium, Micromonospora, Saccharomonospora and Microtetraspora.
You and Park (1996) developed the coal-vitamin agar medium for isolation of rare actinobacteria, pretreatment of soil
suspension with peptone (6%), lauryl sulphate (0.05%) at 50°C/10min and also greatly enhance the colony count of
actinomycetes and inhibited the growth of soil bacteria*!. Sandoval et al.,(2015) formulated a simple method for
isolation of actinomycetes by modifying santon medium supplemented with activated charcoal and selected
antimicrobial agents*?.

Yeat-extract malt-extract dextrose agar was suggested as a most suitable medium for isolation of actinomycetes®.
Suzuki. (2001) suggested an alkaline isolation medium (pH=9.0) i.e, Humic acid-MOPS (3-(N-morpholine) propane-
sulfonic acid) gellan gum isolation medium (HMG) for actinobacteria selective isolation (Actinobispora, Planobispora)
and it incorporated with antibiotics Gentamicin sulfate (100pg/ml), trimethoprim (50ug/ml), ampicilin sodium salt
(20pg/ml) and nalidixic acid (10pg/ml) **. Seong et al.,(2001) designed hydrolysate vitamin agar (HHVA) %,
Zakharova et al.,(2003) reported Gauze-I agar “° and Hamaki et al.,(2005) employed soil extract agar as suitable for the
isolation of novel actinomycetes*’. The selective isolation and enumeration of actinomycetes especially from marine
and mangrove soils Actinomycetes isolation agar (AIA), from desert soils Minimal medium (MM), have been
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developed®*. Qin et al.,(2009) suggested the media containing aminoacids as nitrogen sources (arginine, aspargine
and proline) and cellulose, sodium propionate, sodium succinate, xylan as carbon sources had prominent isolation
effectiveness especially for rare actinomycetes'3.

Raghavarao et al.(2012) used the starch-casein agar, glucose-yeast extract malt extract agar amended with antimicrobial
agents rifampicin (5pg/ml) and fluconazole (25pg/ml)) and Kiranmayi et al.,(2014) suggested the starch-casein nitrate
agar incorporated with nalidixic acid (20pg/ml), cycloheximide (50pug/ml) for extreme isolation of rare actinomycetes.
Munaganti et al.,2015; Mogili and Muvva (2018), employed yeast extract malt extract dextrose agar (ISP-2)
supplemented with rifampicin, fluconazole, streptomycin and nystatin (20ug/ml) respectively, for selective isolation of
Actinobacteria. Ragalatha et al.(2020) attempted Vegitone agar medium in addition with different selective media
amended with cycloheximide and streptomycin (25pg/ml) for retrieval of rare actinomycetes. All of these methods
have significantly increased the total number of actinomycetes.

II. CONCLUSION

Actinomycetes are famous for antibiotic production and continued to be explored in hope of getting novel antibiotics.
Different generalized and advanced methods such as pretreatment, enrichment, different media and integration of
antibiotics for isolation of novel genera of the actinomycetes. The methods can provide significant impetus towards the
isolation and screening of novel actinomycetes which will be ultimately significant for discovery of antibiotics and
other industrially important bioactive compounds. Different strategies have been used for isolation and screening of
antibiotic producing actinomycetes was mentioned in this review.

ACKNOWLEDGEMENT
Authors are thankful to Nexus Research Institute — Guntur for providing the laboratory facilities.

CONFLICT OF INTEREST
The authors declare that there is no conflict of interest.

REFERENCES

1. Klieneberger-Nobel, E. (1947). The life cycle of sporing Actinomyces as revealed by a study of their structure and
septation. Microbiology, 1(1), 22-32.

2. Lazzarini, A., Cavaletti, L., Toppo, G. & Marinelli, F. (2001). Rare genera of actinomycetes as potential sources of
new antibiotics. Antonie Van Leeuwenhoek 78, 399-405

3. Hayakawa, M., & Nonomura, H. (1989). A new method for the intensive isolation of actinomycetes from
soil. Actinomycetologica, 3(2), 95-104.

4. Seong, C. N., Park, J. H., & Baik, K. S. (2001). An improved selective isolation of rare actinomycetes from forest
soil. Journal of Microbiology, 39(1), 17-23.

5. Okoro, C. K., Brown, R., Jones, A. L., Andrews, B. A., Asenjo, J. A., Goodfellow, M., & Bull, A. T. (2009).
Diversity of culturable actinomycetes in hyper-arid soils of the Atacama Desert, Chile. Antonie Van Leeuwenhoek, 95,
121-133.

6. Gao, Y., Jiang, X., Lin, D., Chen, Y., & Tong, Z. (2016). The starvation resistance and biofilm formation of
Enterococcus faecalis in coexistence with Candida albicans, Streptococcus gordonii, Actinomyces viscosus, or
Lactobacillus acidophilus. Journal of endodontics, 42(8), 1233-1238.

7. Valverde, A., Tuffin, M., & Cowan, D. A. (2012). Biogeography of bacterial communities in hot springs: a focus on
the actinobacteria. Extremophiles, 16, 669-679.

8. El-Nakeeb, M. A., & Lechevalier, H. A. (1963). Selective isolation of aerobic actinomycetes. Applied
microbiology, 11(2), 75-77.

9. Alferova, 1. V., Terekhova, L. P., & Kh, P. (1989). Selective medium with nalidixic acid for isolating antibiotic-
producing Actinomyces. Antibiotiki i Khimioterapiia= Antibiotics and Chemoterapy [sic], 34(5), 344-348.

10. Lamari, L., Zitouni, A., Boudjella, H., Badji, B., Sabaou, N., Lebrihi, A & Tillequin, F. (2002). New
Dithiolopyrrolone Antibiotics from Saccharothrix sp. SA 233 I. Taxonomy, Fermentation, Isolation and Biological
Activities. The Journal of antibiotics, 55(8), 696-701.

IJIRSET©2024 | An ISO 9001:2008 Certified Journal | 19385


http://www.ijirset.com/

L\ |

ﬂ—"ﬂﬁé International Journal of Innovative Research of
[EI uﬁ Science, Engineering and Technology (IJIRSET)

Impact
Factor

8.524

|www.ijirset.com |A Monthly, Peer Reviewed & Referred Journal| e-ISSN: 2319-8753| p-ISSN: 2347-6710|

Volume 13, Issue 11, November 2024

|DOI: 10.15680/IJIRSET.2024.1311207|

11. Hayakawa, M. (2008). Studies on the isolation and distribution of rare actinomycetes in
soil. Actinomycetologica, 22(1), 12-19.

12. Hayakawa, M., Sadakata, T., Kajiura, T., & Nonomura, H. (1991). New methods for the highly selective isolation
of Micromonospora and Microbispora from soil. Journal of Fermentation and Bioengineering, 72(5), 320-326.

13. Qin, S., Li, J., Chen, H. H., Zhao, G. Z., Zhu, W. Y., Jiang, C. L., ... & Li, W. J. (2009). Isolation, diversity, and
antimicrobial activity of rare actinobacteria from medicinal plants of tropical rain forests in Xishuangbanna,
China. Applied and environmental microbiology, 75(19), 6176-6186.

14. Khamna, S., Yokota, A., & Lumyong, S. (2009). Actinomycetes isolated from medicinal plant rhizosphere soils:
diversity and screening of antifungal compounds, indole-3-acetic acid and siderophore production. World Journal of
Microbiology and Biotechnology, 25, 649-655.

15. Niyomvong, N., Pathom-Aree, W., Thamchaipenet, A., & Duangmal, K. (2012). Actinomycetes from tropical
limestone caves. Chiang Mai J Sci, 39(3), 373-388.

16. Hayakawa, M., Otoguro, M., Takeuchi, T., Yamazaki, T., & limura, Y. (2000). Application of a method
incorporating differential centrifugation for selective isolation of motile actinomycetes in soil and plant litter. Antonie
van Leeuwenhoek, 78, 171-185.

17. Bundale, S., Singh, J., Begde, D., Nashikkar, N., & Upadhyay, A. (2018). Culturable rare actinomycetes from
Indian forest soils: Molecular and physicochemical screening for biosynthetic genes. Iranian journal of
microbiology, 10(2), 132.

18. Tsao, P. H., Leben, C., And Keitt, G. W. 1960. An enrichment method for isolating actinomycetes that produce
diffusible antifungal antibiotics. Phytopathology 50:88-89.

19. Natsume, M., Yasui, K., & Marumo, S. (1989). Calcium ion regulates aerial mycelium formation in
actinomycetes. The Journal of Antibiotics, 42(3), 440-447.

20. Tiwari, K., & Gupta, R. K. (2012). Rare actinomycetes: a potential storehouse for novel antibiotics. Critical reviews
in biotechnology, 32(2), 108-132.

21. Ferriss, R. S. (1984). Effects of microwave oven treatment on microorganisms in soil. Phytopathology, 74(1), 121-
126.

22. Yang, R., Zhang, L. P., Guo, L. G., Shi, N., Lu, Z., & Zhang, X. (2008). Nocardiopsis valliformis sp. nov., an
alkaliphilic actinomycete isolated from alkali lake soil in China. International journal of systematic and evolutionary
microbiology, 58(7), 1542-1546.

23. Xue, L., Xue, Q., Chen, Q., Lin, C., Shen, G., & Zhao, J. (2013). Isolation and evaluation of rhizosphere
actinomycetes with potential application for biocontrol of Verticillium wilt of cotton. Crop Protection, 43, 231-240.

24. Wang, X., Zhao, J., Liu, C., Wang, J., Shen, Y., Jia, F., ... & Xiang, W. (2013). Nonomuraea solani sp. nov., an
actinomycete isolated from eggplant root (Solanum melongena L.). International journal of systematic and evolutionary
microbiology, 63(Pt 7), 2418.

25.Li, W. J., Xu, P, Zhang, L. P., Tang, S. K., Cui, X. L., Mao, P. H., ... & Jiang, C. L. (2003). Streptomonospora alba
sp. nov., a novel halophilic actinomycete, and emended description of the genus Streptomonospora. International
journal of systematic and evolutionary microbiology, 53(5), 1421-1425.

26. Hong, K., Gao, A. H,, Xie, Q. Y., Gao, H., Zhuang, L., Lin, H. P., ... & Ruan, J. S. (2009). Correction: Hong, K. et
al. Actinomycetes for Marine Drug Discovery Isolated from Mangrove Soils and Plants in China. Mar. Drugs 2009, 7,
24-44. Marine Drugs, 7(4), 495-496.

27. Matsukawa, E., Nakagawa, Y., [imura, Y., & Hayakawa, M. (2007). Stimulatory effect of indole-3-acetic acid on
aerial mycelium formation and antibiotic production in Streptomyces spp. Actinomycetologica, 21(1), 32-39.

28. Otoguro, M., Hayakawa, M., Yamazaki, T., & limura, Y. (2001). An integrated method for the enrichment and
selective isolation of Actinokineospora spp. in soil and plant litter. Journal of applied microbiology, 91(1), 118-130.

29. Yamamura, H., Hayakawa, M., limura, Y. (2003). Application of sucrose-gradient centrifugation for selective
isolation of Nocardia spp. from soil. J. Appl. Microbiol., 95: 677-685.

30. Sturz, A. V. (1995). The role of endophytic bacteria during seed piece decay and potato tuberization. Plant and
Soil, 175, 257-263.

31. Porter, J. N., Wilhelm, J. J., & Tresner, H. D. (1960). Method for the preferential isolation of actinomycetes from
soils. Applied microbiology, 8(3), 174-178.

32. Kuster, E., & Williams, S. T. (1964). Selection of media for isolation of streptomycetes. Nature, 202(4935), 928-
929.

33. Shirling, E. B. & Gottlieb, D., (1966). Methods for characterization of Streptomyces species. Int. J. Syst. Bact. 16:
313-340.

IJIRSET©2024 | An ISO 9001:2008 Certified Journal | 19386


http://www.ijirset.com/

L\ |

ﬂ—"ﬂﬁé International Journal of Innovative Research of
[EI uﬁ Science, Engineering and Technology (IJIRSET)

Impact
Factor

8.524

|www.ijirset.com |A Monthly, Peer Reviewed & Referred Journal| e-ISSN: 2319-8753| p-ISSN: 2347-6710|

Volume 13, Issue 11, November 2024

|DOI: 10.15680/IJIRSET.2024.1311207|

34. Benedict, R. G., Pridham, T. G., Lindenfelser, L. A., Hall, H. H., & Jackson, R. W. (1955). Further studies in the
evaluation of carbohydrate utilization tests as aids in the differentiation of species of Streptomyces. Applied
microbiology, 3(1), 1-6.

35. Rehacek, Z. (1959). Isolation of Actinomyces and determination of the number of their germs in
soil. Mikrobiologiia, 28(2), 236-241.

36. Kiister, E., & Williams, S. T. (1964). Selection of media for isolation of streptomycetes. Nature, 202(4935), 928-
929.

37. Williams, S. T., & Davies, F. L. (1965). Use of antibiotics for selective isolation and enumeration of actinomycetes
in soil. Microbiology, 38(2), 251-261.

38. Omura, S., Iwai, Y., Takahashi, Y., Sadakane, N., Nakagawa, A., Oiwa, H., & Ikai, T. (1979). Herbimycin, a new
antibiotic produced by a strain of Streptomyces. The Journal of antibiotics, 32(4), 255-261.

39. Hayakawa, M., Momose, Y., Yamazaki, T., & Nonomura, H. (1996). A method for the selective isolation of
Microtetraspora glauca and related four-spored actinomycetes from soil. Journal of Applied Bacteriology, 80(4), 375-
386.

40. Hayakawa, M., & Nonomura, H. (1987). Humic acid-vitamin agar, a new medium for the selective isolation of soil
actinomycetes. Journal of Fermentation Technology, 65(5), 501-509.

41. You, K. M., & Park, Y. K. (1996). A new method for the selective isolation of actinomycetes from
soil. Biotechnology techniques, 10, 541-546.

42. Sandoval-Calderén, M., Nguyen, D. D., Kapono, C. A., Herron, P., Dorrestein, P. C., & Sohlenkamp, C. (2015).
Plasticity of Streptomyces coelicolor membrane composition under different growth conditions and during
development. Frontiers in Microbiology, 6, 1465.

43. Collins, M. D., Pirouz, T., Goodfellow, M., & Minnikin, D. E. (1977). Distribution of menaquinones in
actinomycetes and Corynebacteria. Microbiology, 100(2), 221-230.

44. Suzuki, S. I. (2001). Establishment and use of gellan gum media for selective isolation and distribution survey of
specific rare actinomycetes. Actinomycetologica, 15(2), 55-60.

45. Seong, C. N, Park, J. H., & Baik, K. S. (2001). An improved selective isolation of rare actinomycetes from forest
soil. Journal of Microbiology, 39(1), 17-23.

46. Zakharova, O. S., Zenova, G. M., & Zvyagintsev, D. G. (2003). Some approaches to the selective isolation of
actinomycetes of the genus Actinomadura from soil. Microbiology, 72, 110-113.

47. Hamaki, T., Suzuki, M., Fudou, R., Jojima, Y., Kajiura, T., Tabuchi, A., ... & Shibai, H. (2005). Isolation of novel
bacteria and actinomycetes using soil-extract agar medium. Journal of bioscience and bioengineering, 99(5), 485-492.
48. Zin, N. M., Loi, C. S., Sarmin, N. M., & Rosli, A. N. (2010). Cultivation-dependent characterization of endophytic
actinomycetes. Research Journal of Microbiology, 5(8), 717-724.

49. Hozzein, W. N., Ali, M. 1. A., & Rabie, W. (2008). A new preferential medium for enumeration and isolation of
desert actinomycetes. World Journal of Microbiology and Biotechnology, 24, 1547-1552.

50. Raghava Rao, K. V., Mani, P., Satyanarayana, B., & Raghava Rao, T. (2017). Purification and structural elucidation
of three bioactive compounds isolated from Streptomyces coelicoflavus BC 01 and their biological activity. 3
Biotech, 7, 1-12.

51. Kiranmayi, M. U., Poda, S., & Vijayalakshmi, M. (2014). Production and optimization of L-asparaginase by an
actinobacterium isolated from Nizampatnam mangrove ecosystem. Journal of Environmental Biology, 35(5), 799.

52. Munaganti, R. K., Naragani, K., & Muvva, V. (2015). Antimicrobial profile of Rhodococcus erythropolis VL-
RK 05 isolated from Mango Orchards. Int J Pharm Sci Res, 6(4), 1805-12.

53. Mogili, M.S. and Muvva, V. (2018). Isolation, identification and antimicrobial potential of marine Streptomyces
spp from coastal regions of Andhra Pradesh, India. Int J Pharm Biol Sci; 8(3):2230-7605

54. Ragalatha, R., Vijayalakshmi, M., Mallikarjuna, K and Kishore, I.V. (2020). Bioactivity and taxonomic studies of
Nocardiopsis dassonvillei and Nocardiopsis species from Marine sediments of Bay of Bengal, India. Int J Pharm Sci
Res;1:1790-801.

IJIRSET©2024 | An ISO 9001:2008 Certified Journal | 19387


http://www.ijirset.com/

INDIA

INTERNATIONAL JOURNAL
OF INNOVATIVE RESEARCH

IN SCIENCE | ENGINEERING | TECHNOLOGY

INTERNATIONAL '
‘ ‘ STANDARD INNO SPACE
SERIAL
' \ NUMBER SJIF Scentific Journal Impact Factoe

[ 3940572 462 [© 6381907 438 [ ijirset@gmail.com 5

WW.ijirset.com



