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Abstract  Article Info 

Actinomycetes, slow-growing gram-positive bacteria, are useful in the search for 

bioactive compounds. A total of 24 different actinomycete strains were recovered from 

farming soil samples collected from the Sunsari district. The isolates were then tested 

against two gram-positive and three gram-negative bacteria. Results showed that 21% of 

all isolates are antibacterial at least, one of the test organisms, Staphylococcus aureus, 

Bacillus subtilis, Escherichia coli, Salmonella Typhi, and Pseudomonas spp. According 

to antibacterial activity and spectrum broadness, one of the isolates (S11) was selected 

for secondary screening. The minimum inhibitory concentration (MIC) of crude 

antibacterial substances extracted from the broth culture of the isolate (S11) was found to 

be 1.3 mg/ml against test organisms. The chromatogram in TLC showed only one spot 

with an Rf value of 0.87 by the isolate suggesting that the isolate produced only one 

compound which was utterly different from the spot with an Rf value of 0.94 paid by 

gentamycin. According to identification by Microscopy (1000X) and overall 

biochemical, and physiological characteristics, the isolate was considered Streptomyces 

antibioticus, a distinct taxonomic group. 
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1. Introduction 

A chemical produced by one bacterium that 

prevents the growth of another microorganism is 

known as an antibiotic. Today, compounds produced 

by one bacterium or those made similarly through 

chemical synthesis that, in small doses, prevents the 

growth of other microorganisms are referred to as 

"antibiotics" (Russell, 2004). The pharmaceutical 

sector, veterinary medicine, and agriculture are just a 

few industries that have employed antibiotics. Though 

not entirely, bacteria are the main source of the 

majority of antibiotics used today in clinical treatment 

(Russell, 2004). Actinomycetes are gram positive, rod 

shaped slow growing bacteria (Holt et al., 1994; 

Isoken et al., 2010; Oskay et al., 2004a). They have 

high G+C content (>55%) in their DNA and are the 

best common sources of antibiotics (Roitch et al., 

2017). They are widely distributed in both natural and 

man-made settings, including soil, freshwater, lakes, 

compost dust, plant wastes, and food products (Isoken 

et al., 2010). For many years, researchers have been 

experimenting with various microbes to develop novel 

antibiotics (Oskay et al., 2004b). Actinomycetes have 

the capacity to produce a wide variety of biologically 

active secondary metabolites, including antibiotics, 

herbicides, insecticides, anti-parasitic, and waste-

treatment enzymes like cellulase and xylanase (Oskay 

et al., 2004b). Actinomycetes also produce and expel 

melanin or malanoid, which is a dark pigment (Amal 

et al., 2011).These melanin compounds are irregular, 

dark brown polymers having radio protective and 

antioxidant properties that can effectively protect 

living organisms from ultraviolet radiation (Romero-

Martinez et al., 2000). Melanins are commonly 

utilized in pharmacology, cosmetics, and medicine 

preparations (Quadri & Agsar, 2012). Actinomycetes 

and their bioactive compounds exhibit antimicrobial 

activity against a variety of pathogens, including 
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multi-drug resistant pathogens (Isoken et al., 2010) 

like Shigella dysenteriae, Methicillin-Resistant 

Staphylococcus aureus (MRSA), Vancomycin-

Resistant Enterococci, Klebsiella spp., and 

Pseudomonas aeruginosa, among others (Bhatnagar 

& Kim, 2010; Saadoun et al., 1999; Selvameenal et 

al., 2009; Servin et al., 2008). 

According to Bérdy (2005), out of 22,500 

biologically active compounds obtained from 

microbes, 45% of them are obtained from 

actinomycetes. The variety of terrestrial 

actinomycetes has a significant impact on the medical 

sciences, especially in the synthesis of antibiotics 

(Magarvey et al., 2004). Due to the rapid introduction 

of new illnesses, the development of new multi-drug 

resistant pathogens in common pathogens and the use 

of these pathogens in bioterrorism, the development 

of new antimicrobial drugs are crucial (Spellberg et 

al., 2004). The greatest problem is the treatment of 

antibiotic resistant bacteria for infectious diseases and 

are still the second leading cause of death worldwide 

(WHO, 2002). As there is an increasing trend of 

antibiotic resistant microorganisms, the search for 

novel antibiotics is necessary. Since actinomycetes 

are the best common sources of antibiotics (OKAMI, 

1988), this study was carried out to isolate and 

characterize the antibiotic producing actinomycetes 

from soil samples of Sunsari, Nepal.  

2. Materials and Method 

2.1 Study site and duration 

The study site is Sunsari district of Province no. 1, 

Nepal which is situated at 71-1430 m in the height 

from the sea level.  The district has three distinct 

climate types due to the variation in elevation: 

tropical, subtropical, and temperate. It covers an area 

of 1257 square km and the annual rainfall is about 

114.3 mm and temperatures vary from 10o C to 30o C. 

This study was carried out from June 2019 to 

December 2020. 

2.2 Collection of sample 

A total of 32 soil samples were collected from crop 

fields, a bank of the river, a bank of ponds, a forest, a 

hilly area, and a garden inside the Sunsari district. 

Soil samples were collected from 4-5 cm depth into 

sterile plastic bags containing 1 g of CaCO3 and 

mixed well. Then the soil samples were further dried 

at room temperature for 3 weeks. 

2.3. Isolation of Actinomycetes from soil 

After serial dilution of soil, actinomycetes were 

isolated using Starch Casein Agar (SCA) (starch 10 g, 

casein 0.30g, KNO3 2 g, MgSO4.7H2O 0.05g, 

K2HPO4 2g, NaCl 2g, CaCO3 0.02 g, FeSO4.7H2O 

0.01g, agar-agar 18g) plates containing nystatin and 

cycloheximide (50μg/mL each) following William 

and Davies, 1965 (Williams & Davies, 1965). A 

sterile inoculating loop by quadrant streaking 

approach was used to cultivate typical actinomycetes 

colonies (dry and tough wrinkled) into other SCA 

plates. To isolate pure colonies, the inoculated plates 

were kept at 27°C for seven days. 

2.4. Macroscopic and Microscopic Characterization 

of Actinomycetes 

The separated colonies on SCA were examined for 

the color of the ethereal mycelium and diffusible 

pigments, and other colony characteristics such as 

size, consistency, and the margin of the colony. The 

microscopic (1000X) characterization of the isolates 

was done by coverslip culture technique for their 

mycelial structure, the configuration of sporophore 

(conidiospore and arthrospore), arrangement and 

shape of spores on the mycelia following Kawato and 

Shinobu, 1959 (M. Kawato & R. Shinobu, 1959). The 

inspected morphology of the colonies was compared 

with the actinomycetes morphology depicted in 

Bergey's Manual of Determinative Bacteriology, 

Eighth version 1974 for the presumptive identification 

of the isolates. 

2.5. Biochemical and physiological Characterization 

of Actinomycetes 

As described by M. Kawato and R. Shinobu 

(1959) different biochemical tests (oxidase, 

carbohydrate utilization, citrate utilization, indole and 

hydrogen sulfide production, nitrate reduction, urea 

hydrolysis, tween 20 hydrolysis, starch hydrolysis, 

and esculin hydrolysis) were performed for the 

identification of the isolates. For physiological 

characterization, temperature tolerance, NaCl 

tolerance, and motility tests were carried out (M. 

Kawato & R. J. N. S. Shinobu, 1959).   

 

2.6. Biochemical and physiological Characterization 
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of Actinomycetes 

For primary screening of antibiotic producing 

actinomycetes, the perpendicular streak method was 

carried out along the center of nutrient agar plates as 

described by Egorov (1985) and incubated at 28oC for 

7 days (Egorov, 1985). Test microbes included two 

gram positive (Bacillus subtilis and Staphylococcus 

aureus) and three gram negative (Escherichia coli, 

Salmonella Typhi, and Pseudomonas aeruginosa). 

According to Haque et al. (1996a) secondary 

screening of the isolates was performed after 

fermentation using the agar well assay method on 

Mueller Hinton agar (Haque et al., 1996b). 

2.7. Fermentation 

Five potent isolates were used for the fermentation by 

the submerged state culture method after the primary 

screening. 100 mL Erlenmeyer flask containing 25 

mL starch casein broth (SCB) and incubated into a 

shaker water bath at 28
o
C at 160 rpm for 4 days for 

inoculum advancement. The prepared inoculum was 

poured in a sterile 1 L Erlenmeyer flask containing 

400 mL sterile SCB and incubated in a shaker water 

bath at 160 rpm at 28oC for 7 days following Gurung 

et al (2009) (Gurung, Sherpa, Agrawal, & Lekhak, 

2009). 

2.8. Recovery of Antibiotics from Fermented Broth 

Recovery of antibiotic was done by following LIU et 

al. (1986) in which the fermented broth was 

aseptically filtered by Whatman No. 1 filter paper. 

The filtrate was set aside for solvent extraction in 

order to recover antibiotics, and the residue was 

thrown away. Then, filtrate broth and ethyl acetate 

were taken in a separating funnel at a ratio of 1:1 by 

volume, agitated vigorously for one hour, and then 

left undisturbed for 30 minutes. The antibiotics 

containing solvent phase was extracted and subjected 

to evaporation at 40oC for 15 hr. in the water bath to 

obtain pure antibiotics (LIU et al., 1986). The residues 

obtained were measured, dissolved in the phosphate 

buffer, and used for determination of antibacterial 

activity, minimum inhibitory concentration and Thin 

Layer Chromatography (TLC).   

2.9. Determination of Antibacterial Activity 

Antibacterial activity was performed according to 

Haque et al. (1996b) , nutrient agar was used to 

inoculate test bacteria and the agar cup plate 

technique was used to assess antimicrobial activity 

against test organisms by following (Haque et al., 

1996a). 

2.10. Determination of Minimum Inhibitory 

Concentration 

Determination of MIC was done by following 

Gurung, Sherpa, Agrawal and Lekhak (2009) in 

which the extracted antibiotic was serially diluted and 

tested against E. coli (Gurung, Sherpa, Agrawal, 

Lekhak, et al., 2009). 

2.11. Thin Layer Chromatography 

TLC was carried out by following Gurung, Sherpa, 

Agrawal, and Lekhak (2009), who prepared and 

activated silica gel plates (20 cm × 20 cm, 1 mm 

thick) at 80oC for 2 hours. On the TLC plate, 10 μL 

of the test antibiotic and the reference antibiotic 

(Vancomycin) solutions were added and the 

chromatogram was formed using chloroform: 

methanol (10:90) as the solvent system. The dried 

chromatogram spots were visualized in the iodine 

vapor chamber (Gurung, Sherpa, Agrawal, Lekhak, et 

al., 2009). 

3. Result and Discussion 

3.1. Macroscopic and Microscopic characteristics of 

isolates 

The active isolates developed 4 different colors of 

mycelium substrates. Out of 24 isolates, 13 (54.16%) 

produced brown, 8 (33.33%) creamy, 2 (8.33%) 

yellow, and 1 (4.16%) white colored substrate 

mycelium. Likewise, 14 (58.33%) isolates produced 

white, 6 (25%) creamy, 3 (12.5%) brown, and 1 

(4.16%) pink aerial mycelium. Similarly, 15 isolates 

had powdery and 9 had the smooth texture of aerial 

mycelium. The 18 active isolates were whole, 6 had 

irregular margins and had an average of 2.5 mm 

diameter of the colony. Of 5 active isolates, 5 isolates 

were presumable identified as Streptomyces spp. 

3.2. Primary Screening of Actinomycetes 

Out of 24 isolated actinomycetes, 5 (21%) 

demonstrated active antibacterial activity against at 

least one of the test bacteria in primary screening. 

Among these 4 (80%) were active against gram 

positive bacteria only, 2 (40%) against gram negative 

bacteria only, and 2 (40%) against both gram positive 
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and gram negative bacteria. Among them 2 (40%) 

showed activity against E. coli, 1 (20%) showed 

activity against Salmonella Typhi, 1 (20%) showed 

activity against Pseudomonas spp, 3(60%) showed 

activity against Staphylococcus aureus and 5 (100%) 

showed activity against Bacillus subtilis (Table 1). 

Table 1: Zone of inhibition of active isolates in primary 

screening 

Actinomyc

etes 

isolates   

  

Zone of inhibition (mm) against test 

bacteria 

Gram negative bacteria Gram 

positive 

bacteria 

E. 

co

li 

Salmone

lla 

Typhi 

Pseudomo

nas spp. 

S. 

aure

us 

B. 

subtil

is 

S2.a - - - - - 

S2.b - - - - - 

S2.c - - - - - 

S5 - - - - - 

S7 - - - - - 

S8 - - - - - 

S9 - - - - - 

S11 14 30 14 26 28 

S13 - - - 10 17 

S15.a - - - - - 

S15.b - - - - - 

S18 - - - - - 

S20 8 - - 9 14 

S21 - - - - - 

S22.a - - - - - 

S22.b - - - - - 

S25 - - - - - 

S26 - - -  9 

S27.a - - - - - 

S27.b - - - - - 

S29 - - - - 6 

S30 - - - - - 

S31.a - - - - - 

S31.b - - - - - 

- = No zone of inhibition 

Out of 5 isolates subjected for the secondary 

screening, only 1 (20 %) showed potent antibacterial 

activity against all the tested bacteria (Table 2). 

Table 2: Potent actinomycetes against all tested 

bacteria 

Actinomyc

etes 

isolates 

Zone of inhibition (mm) against test 

bacteria 

Gram negative bacteria Gram 

positive 

bacteria 

E. 

co

li 

Salmone

lla 

Typhi 

Pseudomo

nas spp. 

S. 

aure

us 

B. 

subtil

is 

S11 14 22 16 24 26 

3.2. Biochemical and physiological characteristics 

of isolates 

For biochemical characterization of isolates, 

utilization of carbohydrates, substrate hydrolysis, 

catalase, oxidase, H2S production, citrate utilization 

and nitrate reduction tests were performed.  

The result of utilization of carbohydrates test is 

summarized in table 3, substrate hydrolysis test in 

table 4, temperature and NaCl tolerance in table 5, 

and other biochemical tests in table 6. 
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Table 3: Utilization of carbohydrates test 

 

Sa

mpl

es 

Carbohydrates 

Man

nose 

Fru

ctos

e 

Mal

tose 

Suc

ros

e 

Lac

tos

e 

Man

nitol 

Glu

cos

e 

Xy

los

e 

S11 - + + + + + + + 

S13 - + + + + + - - 

S20 - - + + + + - + 

S26 + - + + + - + + 

S29 - + - - - + + + 

+ = Utilized, - = Not utilized  

 Table 4: Hydrolysis of substrates 

Actinomycetes                               Substrates 

Urease Tween 

20 

Starch Esculin Gelatin 

S11 + + + + + 

S13 + + + + + 

S20 + + + + + 

S26 + + + + + 

S29 _ _ + + + 

+ = Hydrolized, - = Not hydrolyzed 

Table 5: Temperature tolerance and NaCl tolerance 

 

 

Actinomycetes Physiological 

tests 

Temperature 

tolerance 

NaCl 

tolerance 

15°C 37°C 45°C 5% 7% 10% 

S11 + + - + + + 

S13 + + - + + + 

S20 + + - + + + 

S26 + + - + + + 

S29 + + - + + + 

+ = Tolerance, - = Not tolerance 

Table 6: Other Biochemical Test 

Actino

mycetes 

 

Other 

biochemical tests 

Catal

ase 

Oxid

ase 

H2S 

product

ion 

Citrate 

utilizat

ion 

Nitr

ate 

reducti

on 

S11 + _ + _ _ 

S13 + _ _ _ + 

S20 + _ _ + _ 

S26 + _ _ _ _ 

S29 + _ _ _ + 

+ = positive, - = Negative 

3.3. Fermentation 

After fermentation, isolate S11 produced a light 

brownish white residue with greasy consistency. 

Results from fermented broth are summarized in 

(table 7). 
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Table 7: Concentration of antibiotic substance 

Actinomycet

es 

Volume 

of 

extracte

d 

solvent 

in (ml) 

Amou

nt of 

residu

es 

Color 

of 

residue

s 

Consisten

cy of 

residues 

S11 100 ml 300 g Light 

brownis

h white 

Greasy 

3.4. Minimum inhibitory concentration (MIC) of 

active compound 

Only S11 was chosen for fermentation. For the 

antibacterial metabolites extracted from S11, the 

minimum inhibitory concentration against E. coli was 

1.3 mg/ml. According to the results of morphological, 

biochemical, physiological, and other biochemical 

tests, isolate S11 might be Streptomyces antibioticus 

(table 8). 

Table8: Thin layer chromatography of antimicrobial 

substances 

Anti -

bacteri

al 

Substa

nces 

(s) 

 

Conce

ntratio

n 

(mg/ml

) 

 

Am

oun

t of 

load 

(µl) 

 

Solv

ent 

Syst

em 

(M:

C) 

 

No 

of 

mo

ved 

spo

t 

 

Distance 

travelled by 

Ff  

va

lu

e 

 

Sol

ven

t 

fro

nt 

Anti

bac 

terial 

subst

ance 

S11 30 10 90:1

0:00 

1 9.4 8.2 0.

87 

Genta

mycin 

30 10 90:1

0:00 

1 9.4 8.8 0.

94 

Five types of actinomycetes were isolated from the 

soils of Sunsari District. Actinomycetes are found in 

general to harsh environments; which may be due to 

their ability to develop resistance structures like spore. 

However, the isolation of actinomycetes has always 

been challenged because of other bacteria and fungi 

(Williams & Cross, 1971). This may be due to their 

long duration of incubation. However, the isolation 

ratio of Actinomycetes was improved by pretreating 

the samples with calcium carbonate and exposing 

them to dry air for three weeks. A critical inhibition of 

contaminating microorganisms was the use of 

selective media (starch casein media) containing 

antibiotics, cycloheximide (50μg/ml), and nystatin 

(50μg/ml).  

Only 1 (20%) of the 5 active actinomycetes that 

were chosen from primary screening showed 

antibacterial activity during secondary screening. In 

solid and liquid media actinomycetes are produced 

filamentous mycelia and fragmented mycelia, 

respectively (Pickup, Nolan, Bushell, & 

bioengineering, 1993). Alternatively, the active 

chemicals may have undergone a chemical change to 

render them inactive in broth culture. 

The screening results showed that 4 (80%) isolates 

were active against Gram positive bacteria, 2 (40%) 

were active against Gram negative bacteria and 2 

(40%) were active against both Gram positive and 

Gram negative bacteria. Similar types of results were 

obtained by Gurung, Sherpa, Agrawal, Lekhak, et al. 

(2009). They reported 69.97% of actinomycetes were 

found to be active against Gram positive bacteria 

whereas only 11.11% of actinomycetes were active 

against Gram negative bacteria. This might be 

because of the morphological variances between those 

two types of microorganisms. An outer membrane of 

Gram negative bacteria has lipopolysaccharide; hence 

their cell wall is impermeable to lipophilic solutes, 

while porins constitute a selective barrier to the 

hydrophilic solutes. (Nikaido, 2003).However, the 

Gram positive bacteria have only a peptidoglycan 

layer and are not an effective permeability barrier for 

the antibacterial agents. 

The most antibacterial activity on test organisms 

was shown by isolate S11 (14 mm against E.coli, 30 

mm against Salmonella Typhi, 14 mm against 

Pseudomonas spp, 26 mm against S. aureus and 28 

mm against Bacillus subtilis). According to 



   
Limbu et al./HiJOST Vol. 7 (2023), 101-109 

 

HiJOST 2023, Vol. 7 Journal home page: www.hijost.com 

107 

antibacterial activity, 5 isolates were selected and 

identified. Out of them, the potent isolate was only 1. 

Morphological examination of all 5 isolates clearly 

indicates that these belong to the Streptomyces genera 

and Streptomycetaceae family (spore chain with 

coiling and branching) (Cross, 1989). Additionally, a 

comparison of both physiological and biochemical 

characteristics among isolates indicated that they are 

closely related to the Streptomyces genera and the 

Streptomycetaceae family. Among them, isolate S11 

was closely related to Streptomyces antibioticus. As a 

result of primary and secondary screening, only single 

isolate S11 was found to be the best strain as they had 

shown broad spectrum activity with a large diameter 

of zone of inhibition (Average 22.4 mm). It is 

probable that the isolates develop more than one 

antibacterial metabolites that have rendered both of 

them effective inhibitors Gram positive and bacteria 

with Gram negative. Thus only S11 was chosen for 

fermentation. For the antibacterial metabolites 

extracted from S11, the minimum inhibitory 

concentration against E. coli was 1.3 mg/ml. Since the 

evaporation of crude filtrate was used to produce 

these metabolites, it was likely to have a high MIC 

value. Similar findings were also reported by Gurung, 

Sherpa, Agrawal, Lekhak, et al. (2009) and Sah et al. 

(2017). TLC showed only one antibiotic solution 

created the spot, indicating the existence of a single 

compound. The R value of S11 and Gentamycin was 

found 0.87 and 0.94 respectively. This finding is 

consistence with the findings of Sah et al. (2017). 

4. Conclusions 

Actinomycetes, which produce the most potent 

antibiotics, are found in the soils of the Sunsari 

district. Streptomyces antibioticus which showed 

antibacterial properties against both Gram positive 

and negative bacteria were isolated from soils of a 

tropical, subtropical; and temperate area. Hence, this 

study clearly reveals the distribution of antibiotic 

producing actinomycetes in the Terai and Mahabharat 

regions (71-1430 m) of Nepal. 

Acknowledgments 

We are thankful to the Department of 

Microbiology, Central Campus of Technology, 

Tribhuvan University, Dharan for technical support. 

 

Conflicts of Interest 

The authors declare that there is no conflict of 

interest.  

Funding 

No Funding resource. 

References 

Amal, A. M., Abeer, K. A., Samia, H. M., Nadia, A. 

E., N. H., KA, A., & HM, E.H. (2011). Selection 

of Pigment (Melanin) production in Streptomyces 

and their application in Printing and Dyeing of 

Wool Fabrics. Research Journal of Chemical 

Sciences, 1(5), 22-28. ISSN 2231-606X. 

Bérdy, J. (2005). Bioactive Microbial Metabolites. 

The Journal of Antibiotics, 58(1), 1-26. 

https://doi.org/10.1038/ja.2005.1 

Bhatnagar, I., & Kim, S.K. (2010). Immense Essence 

of Excellence: Marine Microbial Bioactive 

Compounds. Marine Drugs, 8(10), 2673–2701. 

MDPI AG. http://dx.doi.org/10.3390/md8102673 

Cross, T. (1989). Growth and examination of 

actinomycetes-some guidelines. Bergey's Manual 

of Systematic Bacteriology, 4, 2340-2343. 

https://cir.nii.ac.jp/crid/1571980074589220736 

Egorov, N. S. (1985). Antibiotic properties of 

microorganisms cultivated in the Laboratory. In 

Antibiotics: A Scientific Approach (pp. 170-177). 

Moscow: Mir Publishers. 

Gurung, T. D., Sherpa, C., Agrawal, V. P., & Lekhak, 

B. (2010). Isolation and Characterization of 

Antibacterial Actinomycetes from Soil Samples of 

Kalapatthar, Mount Everest Region. Nepal Journal 

of Science and Technology, 10, 173–182. 

https://doi.org/10.3126/njst.v10i0.2957 

Haque, S. K. F., Sen, S. K., & Pal, S. C. (1996). 

Antimicrobial spectra and toxicity of antibiotics 

from Streptomyces antibioticus sr15.4. Indian 

Journal of Microbiology, 36, 113-114. 

Holt, J.G., Krieg, N.R., Sneath, P.H.A., Stanley, J.T., 

and William, S.T. (1994). Bergey’s Manual of 

Determinative Bacteriology. Williams and 

Wilkins, Baltimore, 786-788. 

 

http://dx.doi.org/10.3390/md8102673
https://cir.nii.ac.jp/crid/1571980074589220736
https://doi.org/10.3126/njst.v10i0.2957


   
Limbu et al./HiJOST Vol. 7 (2023), 101-109 

 

HiJOST 2023, Vol. 7 Journal home page: www.hijost.com 

108 

Isoken, H. O., Ntsikelelo, M., Leonard, M., Elvis, N., 

Ezekiel, G., David, A. A., & Anthony, I. O. 

(2010). Studies on the culturable marine 

actinomycetes isolated from the Nahoon beach in 

the Eastern Cape Province of South Africa. 

African Journal of Microbiology Research, 4(21), 

2223-2230. ISSN 1996-0808. 

Kawato, M., & Shinobu, R. (1959). A simple 

technique for the microscopical observation. In 

Memoirs of the Osaka University Liberal Arts and 

Education, p. 114. 

LIU, C. M., WESTLEY, J. W., Hermann, T. E., 

PROSSER, B. L. T., Palleroni, N., Evans, R. H., & 

Miller, P. A. (1986). Novel polyether antibiotics 

X-14873A, G and H produced by a Streptomyces: 

taxonomy of the producing culture, fermentation, 

biological and ionophorous properties of the 

antibiotics. The Journal of Antibiotics, 39(12), 

1712-1718. 

https://doi.org/10.7164/antibiotics.39.1712 

Magarvey, N. A., Keller, J. M., Bernan, V., Dworkin, 

M., & Sherman, D. H. (2004). Isolation and 

characterization of novel marine-derived 

actinomycete taxa rich in bioactive metabolites. 

Applied and Environmental Microbiology, 70(12), 

7520-7529. 

https://doi.org/10.1128/AEM.70.12.7520-

7529.2004 

Nikaido, H. (2003). Molecular basis of bacterial outer 

membrane permeability revisited. Microbiology 

and Molecular Biology Reviews, 67(4), 593-656. 

https://doi.org/10.1128/MMBR.67.4.593-656.2003 

Oskay, A. M., Üsame, T., & Cem, A. (2004). 

Antibacterial activity of some actinomycetes 

isolated from farming soils of Turkey. African 

Journal of Biotechnology, 3(9), 441-446. DOI: 

10.5897/AJB2004.000-2087 

Quadri, S. R., & Agsar, D. (2012). Detection of 

melanin producing thermo-alkaliphilic 

Streptomyces from limestone quarries of the 

Deccan traps. World Journal of Science and 

Technology, 2(2), 8-12. ISSN: 2231 – 2587. 

Roitch, M. C., Magiri, E., Bii, C., & Maina, N. 

(2017). Bioprospecting for broad-spectrum 

antibiotic-producing Actinomycetes isolated from 

virgin soils in Kericho country. Kenya Advances 

in Microbiology, 7, 56-70. 

https://doi.org/10.4236/aim.2017.71005 

Romero-Martinez, R., Wheeler, M., Guerrero-Plata, 

A., Rico, G., & Torres-Guerrero, H. (2000). 

Biosynthesis and functions of melanin in 

Sporothrix schenckii. Infection and Immunity, 

68(6), 3696-3703. 

https://doi.org/10.1128/IAI.68.6.3696-3703.2000 

Russell, A. D. (2004). Types of antibiotics and 

synthetic antimicrobial agents. In Hugo and 

Russell's Pharmaceutical Microbiology, 152-186. 

ISBN 0–632–06467–6. 

Saadoun, I., Hameed, K. M., & Moussauui, A. (1999). 

Characterization and analysis of antibiotic activity 

of some aquatic actinomycetes. Microbios, 

99(394), 173-179. PMID: 17974204. 

 

Sah, S. N., & Lekhak, B. (2017). Screening of 

antibiotic-producing actinomycetes for antibiosis 

from the soil of Siraha, Nepal. Himalayan Journal 

of Science and Technology, 1, 20-25. 

https://doi.org/10.3126/hijost.v1i0.25817 

 

Selvameenal, L., Radhakrishnan, M., & 

Balagurunathan, R. (2009). Antibiotic pigment 

from desert soil actinomycetes; biological activity, 

purification, and chemical screening. Indian 

Journal of Pharmaceutical Sciences, 71(5), 499. 

doi: 10.4103/0250-474X.58174 

Servin, J. A., Herbold, C. W., Skophammer, R. G., & 

Lake, J. A. (2008). Evidence excluding the root of 

the tree of life from the actinobacteria. Molecular 

Biology and Evolution, 25(1), 1-4. 

https://doi.org/10.1093/molbev/msm249 

Spellberg, B., Powers, J. H., Brass, E. P., Miller, L. 

G., & Edwards Jr, J. E. (2004). Trends in 

antimicrobial drug development: implications for 

the future. Clinical Infectious Diseases, 38(9), 

1279-1286. https://doi.org/10.1086/420937 

Williams, S. T., & Cross, T. (1971). Chapter XI 

actinomycetes. In Methods in Microbiology (Vol. 

4, pp. 295-334). Academic Press. 

https://doi.org/10.1016/S0580-9517(09)70016-9. 



   
Limbu et al./HiJOST Vol. 7 (2023), 101-109 

 

HiJOST 2023, Vol. 7 Journal home page: www.hijost.com 

109 

Williams, S. T., & Davies, F. L. (1965). Use of 

antibiotics for selective isolation and enumeration 

of actinomycetes in soil. Microbiology, 38(2), 251-

261. https://doi.org/10.1099/00221287-38-2-251 

World Health Organization. (2002). Deaths by cause, 

sex, and mortality stratum in WHO Regions, 

estimates for 2001. The World Health Report, 186-

191. ISBN 92 4 156243 9 (NLM Classification: 

WA 540.1) ISSN 1020-3311. 


